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Abstract

Background: Diarrhea can be treated with probiotic bacteria such as Bifidobacterium bifidum, which decreases
the intestinal environment's pH to become acidic so that pathogenic bacteria cannot thrive. Objective: To make
fermented coffee that can increase the number of probiotic bacteria Bifidobacterium bifidum and has antidiarrheal
activity against pathogenic bacteria Escherichia coli. Methods: Robusta coffee (20.25% and 19.75%) was
fermented using Saccharomyces cerevisiae, and then the probiotic bacteria Bifidobacterium bifidum was added.
Unfermented coffee was compared with the same concentration (20.25% and 19.75%) to obtain four formulas.
Organoleptic panelists tested all formulas to determine the best formula for fermented and non-fermented coffee.
The number of Bifidobacterium bifidum and antibacterial activity was calculated on the optimum formulation
using the Total Plate Count and Disc Diffusion Method. Result: The optimum formula obtained at fermented and
unfermented coffee concentration was 20,25%. The number of probiotic bacteria Bifidobacterium bifidum growing
in fermented and non-fermented coffee was 7.3 x 108 + 32.4 and 3.1 x 108 £ 30.7 (p < 0.05). The diameter of the
inhibition zone of the best fermented and non-fermented coffee was 11.5 + 0.5 mm and 8.5 £ 0.5 mm, respectively
(p < 0.05). Conclusion: Fermented coffee can increase the growth of the probiotic bacteria Bifidobacterium
bifidum and has strong antibacterial activity against Escherichia coli bacteria.
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INTRODUCTION

Diarrhea is a disease associated with environmental
hygiene. Diarrhea is mainly caused by food
contamination ~ of  pathogenic  bacteria  such
as Escherichia coli, Salmonella, and Shigella (Wang et
al., 2015). According to research by Zhouet al.
(2018), E. coli is the most common bacteria that causes
diarrhea. Diarrheal disease management can be treated
with antibiotics such as metronidazole, vancomycin,
ciprofloxacin, tetracycline, and doxycycline (Giannelli,
2017). In addition, there are other antidiarrheal agents,
such as probiotics (Guarino et al., 2015).

Probiotics are live microorganisms that provide the
host health benefits when administered appropriately.
Microorganisms that can act as probiotics are non-
pathogenic microorganisms tolerant of acids and bile,
modulate the immune system, and can produce lactic
acid (Riddle et al., 2016). One of the most widely used
microorganisms as probiotics is Bifidobacterium
bifidum (B. bifidum) (Pandey et al., 2015). Probiotics
can prevent the attachment of pathogenic bacteria to the
intestinal mucosa, increase the immune response, and
increase the microflora in the intestine (Plaza-Diaz et
al., 2019). The growth of probiotic bacteria can be
assisted with a prebiotic agent.

Prebiotics are a nutrient source rich in simple
carbohydrates  (Arslanogluet al., 2008). The
fermentation process can obtain simple carbohydrates
(Pokuesava et al., 2011). In this study, robusta coffee
was used as a source of carbohydrates. Based on the
research of Mindarti et al. (2020), Robusta coffee
contains carbohydrates up to 62.78% w/w. The main
carbohydrate in robusta coffee is sucrose (Wulandari et
al., 2021). Complex carbohydrates in robusta coffee will
be fermented using Saccharomyces cerevisiae, which
can break down complex carbohydrates into simpler
components to be used as a
source of nutrition for B. bifidum (Rizal et al., 2020). S.
cerevisiae can break down sucrose into glucose and
fructose (Marques et al., 2016).

The fermented coffee will be added with the
probiotic bacteria B. bifidum to become a symbiotic
product. In fermented products, the probiotic bacteria B.
bifidum will degrade carbohydrates into organic acids
such as lactic acid, succinic acid, and acetic acid
(Chichlowski et al., 2011; Stiverson et al., 2014; Wang
et al., 2021). These organic acids have a strong
antimicrobial effect against bacterial pathogens (Makras
et al., 2006). Bifidobacterium can Kkill pathogenic
bacteria such as Clostridioides difficile (Yang & Yang,
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2019), Salmonella enterica (Symonds et al., 2012), and
E. coli (Abdelhamid et al., 2018).

Based on the description above, researchers are
interested in making a fermented robusta coffee as a
symbiotic product containing the probiotic bacteria B.
bifidum and testing the growth of the probiotic bacteria
using the total plate count method. Then, the
antibacterial activity was tested against pathogenic
bacteria E. coli using the Disc Diffusion Method. Non-
fermented robusta coffee was used as a comparison.

MATERIALS AND METHODS
Materials

The materials used consisted of robusta coffee
(South Sumatra, Indonesia), S. cerevisiae (buy at
Sriwijaya University, Indonesia), distilled water
(Bratachem, Indonesia), Man Rogosa and Sharpe media
(Merck, Indonesia), B. bifidum BRL-130 (buy at Gadjah
Mada University, Indonesia), E. coli ATCC-25922 (buy
at Sriwijaya University, Indonesia), ciprofloxacin,
sodium alginate (Merck, United States), barium chloride
(Sigma-Aldrich, United States), sodium chloride
(Sigma-Aldrich, United States), hydrochloric acid
(Bratachem, Indonesia), and concentrated sulfuric acid
(Bratachem, Indonesia).
Equipment

The equipment used consisted of Freeze Dryer
(Nuaire® NU9483GC), glassware (Pyrex® and
Iwaki®), magnetic stirrer (IKA® C-MAG HS 4), micro
pipette (DragonLab®), analytical balance (Ohaus®),
autoclave (Lequitron®), incubator (Biosan®), Oven
(Memmert®), Furnace (Thermolyne®), butyrometer.
Methods
Production of Bifidobacterium bifidum probiotic
powder

The suspension of the probiotic bacteria B.
bifidum in de Man, Rogosa & Sharpe (MRS) broth
media was dried using the freeze-drying method. The
probiotic powder was made by
mixing Bifidobacterium suspension into 10% skim milk
solution and 4% sodium alginate solution, then
incubated at 37°C for 8 hours. The mixed suspension
was then dried at -23°C for 24 hours (Holkem et al.,
2016).
Production of fermented robusta coffee

Robusta coffee was fermented using 3% S.
cerevisiae yeast for 5 hours. After that, it is washed
thoroughly and dried in the sun. After drying, the coffee
beans are cleaned and then roasted at a temperature of
120°C. Then the coffee beans are ground to obtain
fermented robusta coffee powder (Pereira et al., 2014).
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Table 1. The formula of probiotic coffee

Formula Concentration (%)

Samples F1 F2 F3 F4
Fermented coffee 20.25 - 19.75 -
Non-fermented coffee - 20.25 - 19.75
Probiotic powder 1.00 1.00 1.00 1.00

Glucose 3.75 3.75 3.75 3.75

Production of robusta coffee symbiotic

Robusta coffee symbiotic products are made from
fermented and non-fermented coffee with added
probiotic powder containing the B. bifidum. Fermented
coffee powder or non-fermented coffee is added with
probiotic powder. Then add glucose and mix until
smooth. The formula for probiotic coffee can be seen in
Table 1.
Organoleptic test

Organoleptic tests were conducted to determine the
best formula with assessments including color, smell,
taste, and texture from samples shown by 30 untrained
panelists with a target age of 15 to 50 years. Samples are
placed in containers and coded according to the formula.
Panelists were asked to rate each sample on the
questionnaire sheet. The scale used in this study
consisted of five numerical scales, namely strongly
dislike (1), dislike (2), neutral (3), like (4), and like very
much (5).
Proximate test of robusta coffee beans and fermented
coffee

The proximate test refers to the rules of SNI 01-
2891-1992, including water, ash, protein, fat, and
carbohydrate content.
Water content test

Moisture content was measured using the
Thermogravimetric Method. The best probiotic coffee
preparations were dried in an oven at 105°C for 5 hours
and then weighed until a constant weight was obtained.
Total ash content test

Total ash content was measured by calculating the
constant weight of the sample, which had been heated at
600°C for 2 hours using a furnace.
Protein content test

A number of samples were mixed with 1.9 g K»SOs4,
40 mg HgO, and 2 mL concentrated H,SOa, then boiled
until the solution became clear. The solution was then
distilled with 10 mL of 60% NaOH, 5 mL of boric acid,
and 5 mL of MB:MM indicator for 15 minutes. The
solution was then titrated with 0.02 N HCI.
Fat content test

A total of 10 mL of H,SO4 and a number of samples
were put into the butyrometer. Add amyl alcohol and stir
until homogeneous. The mixture was heated at a
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temperature of 65 - 70°C for 5 minutes and then mixed.
Put the mixture upside down and reheat for 2 - 3
minutes. Calculate the percent fat on the butyrometer
line.
Carbohydrate content test

The carbohydrate content of the sample was
calculated by subtracting 100% of the nutritional content
of the sample from the moisture content, total ash
content, protein content, and fat content.
Probiotic bacteria growth test

The growth test of the probiotic bacteria B.
bifidum was carried out using the Total Plate Count
Method. In this test, a suspension of B. bifidum was used
as a positive control, and distilled water as a negative
control. Selected probiotic coffee formula from
fermented and non-fermented coffee was brewed with
warm water. Then the dilution was performed from 10
to 10 using 0.9% NaCl solution. Then the solution was
poured into MRS Agar media and incubated at 37°C for
48 hours (Rosburg et al., 2010). The amount of growth
of probiotic bacteria was calculated using equation 1.

Yc
(1xn1)+(0.1xn2)+(0.01xn3)xdf

Number of Colony (N) =
[1]

Information:
N = Number of product colonies (cfu/mL or cfu/g)
¥C = Number of colonies in all counted plates
nl = Number of cups in the first dilution is calculated
n2 = Number of cups in the second dilution is calculated
n3 = Number of cups in the third dilution is calculated
Fp = First dilution calculated
Antibacterial activity test against E. coli

The antibacterial activity test was carried out using
the Disc Diffusion Method (Mohammed et al., 2020).
The antibiotic ciprofloxacin was used as a positive
control, and distilled water was used as a negative
control. Filter paper with a diameter of 6 mm was dipped
in each sample (positive control, negative control, and
coffee samples) for 5 minutes and then planted on MRS
Agar media which already contained the pathogenic
bacterium E. coli. The Petri dish was then incubated at
37°C for 24 hours. Antibacterial activity was measured
from the diameter of the resulting inhibition zone.
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Data analysis

Data analysis was carried out statistically using
SPSS version 23. The normality test was carried out
using the Shapiro-Wilk method. If the data were
normally distributed (p > 0.05), then it was continued
with the one-way ANOVA test to see the differences
between the test groups.

RESULTS AND DISCUSSION

Probiotic powder containing B. bifidum bacteria
has a smooth and dry texture. Drying was carried out
using the freeze-drying method with the help of coating
materials such as sodium alginate and skim milk.
According to research by Chandramouli et al. (2004),
sodium alginate coating has several advantages, such as
being non-toxic, easy to form a gel matrix around
bacterial cells, and easy release of active substances
when contact with the intestine fluid. In addition, skim
milk, which contains high protein, can also prevent
damage to bacterial cell membranes (Amine et al.,
2014).

The growth and metabolic activity of the probiotic
bacteria B. bifidum can be selectively increased by the
presence of carbohydrates in the environment. Robusta
coffee is used as a carbohydrate source for the growth of
the probiotic bacteria B. bifidum. Robusta coffee is
known to contain mucilage consisting of pectin and
carbohydrates (Haile & Kang, 2019). Based on the
research of Mindarti et al. (2020), Robusta coffee
contains carbohydrates up to 62.78% w/w. In this study,
the robusta coffee beans used had a water content of 6.63
+ 0.14%, ash content of 3.68 + 0.18%, protein content
of 7.84 = 0.11%, fat content of 0.86 + 0.03%, and
carbohydrate content of 75.98 + 0.07% (Table 2). In
addition, S. cerevisiae also contains p-Galactosidases
which can convert lactose into galactooligosaccharides
(GOS) (Macfarlane et al., 2008; Osman et al., 2012).
Carbohydrates that can be used as nutrients for probiotic
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bacteria B. bifidum are simple carbohydrates such as
inulin, fructooligosaccharides (FOS),
galactooligosaccharides  (GOS), and lactulose
(Gibson et al., 2010). In this study, robusta coffee will
be fermented using the yeast Saccharomyces
cerevisiae to help the degradation process of complex
carbohydrates into prebiotic compounds. Fermentation
is a chemical process that can convert complex
compounds into simpler compounds. S. cerevisiae is
known to have the enzyme Fructosyl-transferase
(FTase), which is an enzyme capable of converting
fructose into inulin and fructooligosaccharides (FOS)
(Louiset al., 2016; Mohkamet al., 2016).S.
cerevisiae can also hydrolyze sucrose into glucose and
fructose (Marques et al., 2016).

Organoleptic is an essential parameter in functional
food products to increase consumer attractiveness.
Fermented and non-fermented robusta coffee was
carried out by organoleptic tests using 30 panelists to
determine the best formula. Based on this test,
fermented coffee formula one and non-fermented
formula two were chosen as the best formula according
to Figure 1. The results of statistical analysis showed
that there were no significant differences in taste and
odor parameters (p > 0.05) while color and texture had
significant differences (p < 0.05). Formula 1 generally
has the best results from all parameters. It indicates that
the fermentation process in coffee can improve the
quality of the coffee produced. Robusta coffee
fermented with S. cerevisiae has been proven to make
coffee that has good taste qualities such as the presence
of a caramel aroma in the coffee, a sweet taste at the
beginning and bitter at the end, and a fresh aroma
(Bressani et al., 2020; Evangelista et al., 2014; Silva et
al.,, 2013). This change is because the coffee
fermentation process will produce new byproducts such
as acetic acid, citric acid, malic acid, lactic acid, and
succinic acid (Da Mota et al., 2020).

3.8
3.7 56 6

33 3.33 3.2

Taste Texture

Parameter

HFl mF2

F3 mF4

Figure 1. Organoleptic results of symbiotic coffee (n = 30, assessed using questionnaire)
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Table 2. Test results of coffee beans and fermented coffee the best formula (n = 5)

Parameter (%)

Robusta coffee beans

Fermented coffee SNI 6685, 2009

Water content 6.63+0.14
Ash content 3.68+0.18
Protein content 7.84 +0.11
Fat content 0.86 £ 0.03
Carbohydrate content 75.98 + 0.07

8.76 £ 0.13 Max 7
448 +0.21 Max 1
38.11+0.49 Min 1
1.77 +0.02 Min 0.6
46.87 + 0.61 -

Table 4. Inhibition zone diameter in samples (h = 5)

Treatment Group Inhibition zone diameter Category
Positive control 26.5+0.5 Very strong
Negative control 0.0+£0.0 None

F1- Fermented coffee 11.5+05 Strong
F2- Non-fermented coffee 85%05 Moderate

The proximate results of the best-fermented robusta
coffee have met the standards of SNI 6685, 2009,
namely water content of 8.76 + 0.13%, ash content of
4.48 + 0.21%, the protein content of 38.11 £+ 0.49%, fat
content was 1.77 + 0.02%, and carbohydrate content was
46.87 + 0.61 (Table 2).

Formula 1 and 2 were continued by testing the
viability of probiotic bacteria. The results of the viability
test of the probiotic bacteria B. bifidum can be seen in
Table 3.

Table 3. Viability of the probiotic bacteria B. bifidum
in samples (n = 5)

Treatment Number of colonies
Group (cfu/mL)
Positive control 7.4 x 108
Negative control 1x108
F1-Fermented coffee 7.3 x 108
F2-Non-fermented coffee 3.1x108

Based on the results of statistical analysis for the
viability of probiotic bacteria, there was no significant
difference between the positive control and the
fermented coffee formula 1 (p > 0.05). In contrast, the
non-fermented coffee formula 2 differed significantly
from the positive control and formula 1 (p < 0.05). It
proves that the fermentation process increases the
growth of the probiotic bacteria B. bifidum. According
to the description above, S. cerevisiae can convert
complex carbohydrates such as sucrose and lactose into
FOS and GOS. FOS and GOS have been shown to
increase  the growth of the  bacterium B.
bifidum (Saulnier et al., 2008).

Furthermore, Formula 1 and 2 were continued with
antibacterial activity tests against E. coli pathogenic
bacteria. The results of the antibacterial activity test can
be seen in Table 4.
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Statistical analysis showed significant differences
between groups (p < 0.05). It indicates that fermented
coffee and non-fermented coffee produce different
antibacterial activities. Fermented coffee makes a larger
diameter of inhibition zone than non-fermented coffee
and is included in the category of antibacterial solid
compounds, namely 11.5 + 0.5 mm. It proves that the
fermentation process can positively affect antibacterial
activity. As described above, the robusta coffee
fermentation process will produce prebiotic compounds
such as FOS and GOS. FOS and GOS will then be
further fermented by the bacterium B. bifidum. FOS will
be fermented into organic acids such as lactic acid and
succinic acid, while GOS will be fermented into acetic
acid, which can inhibit the growth of E. coli bacteria
(Bondue & Delcenserie, 2015; Stiveson et al., 2014).
Organic acids will make the environment acidic so E.
coli bacteria cannot grow. In addition, the undissociated
form of organic acids will enter the E. coli bacterial cell
and dissociate in the cytoplasm, which causes the
bacterial cell to lysis (Bermudez-Brito et al., 2012). B.
bifidum probiotics can also produce bacteriocins in the
form of Bifidocin A. Bifidocin A enters the cells of E.
coli bacteria to form pores that cause leakage of
intracellular compounds such as proteins, nucleic acids,
and ions (Liuet al., 2015). B. bifidum can stimulate
mucus secretion, strengthening intestinal epithelial
defenses (Denkova et al., 2017). Pathogenic bacteria
attach to the intestinal epithelium due to the interaction
between  Microbe-Associated  Molecular  Pattern
(MAMP) and Pattern Recognition Receptor (PRR)
(Madsen, 2012).B. bifidum can recognize these
receptors to replace pathogens attached to the intestinal
epithelium (Sarkar & Mandal, 2016).

In addition to the probiotic effect, the antibacterial
activity of fermented and non-fermented robusta coffee
can also be caused by the content of robusta coffee.
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Robusta coffee contains flavonoid compounds,
alkaloids, tannins, and terpenoids (Less & Kamengon,
2021). Flavonoids can act as antibacterial by inhibiting
nucleic acid synthesis, inhibiting porin formation,
disrupting membrane structure, and changing membrane
permeability (Xieet al., 2015). Alkaloids can act
antibacterial by inhibiting ATP-dependent transport of
compounds across the cell membrane (Mabhiza et al.,
2016). Tannins work as antibacterial by interfering with
the metabolism of bacterial cells (Kaczmarek, 2020).
Meanwhile, terpenoids act as antibacterial by disrupting
the integrity of cell membranes (Guimarées et al., 2019).
However, the antibacterial activity of fermented and
non-fermented coffee was not as strong as the antibiotic
ciprofloxacin. But for fermented coffee, the antibacterial
activity is in a strong category.

CONCLUSION

The fermented robusta coffee produced in this study
meet with SNI requirements in characteristics parameter
namely water content, ash content, the protein content,
the fat content, and carbohydrate content. Fermented
robusta coffee also has a strong antibacterial activity
against E. coli while the non-fermented coffee has
moderate antibacterial activity. Fermented robusta
coffee can also increase the growth of B.
bifidum bacteria due to the presence of prebiotic
compounds such as FOS and GOS. So, fermented
robusta coffee can be used as an alternative symbiotic
product for diarrhea management.
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