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Abstract

Enterococcus faecalis is one of the bacteria that is commonly found in infected root canals, necrotic
pulp and failure of root canal treatment, while Phorphyromonas gingivalis play a role in inducing periodontitis.
Both bacteria can enter the blood circulation and lead to risk factors for systemic disease such as
atherosclerosis. ChKM is the most widely used root canal sterilization, and also 0.2 % chlorhexidine
mouthwash for long-term usage. It can destroy a potent cell and is allergenic. Developing an alternative
material for root canal sterilization and mouthwash for plaque control is necessary. One of the alternative
natural products that is predicted to have antibacterial effect is robusta coffee husk peels. This research
aimed to investigate the antibacterial activity of robusta coffee (Coffea canephora) husk extract on E.
Jfaecalis and P. gingivalis. The robusta coffee husk was extracted using the maceration process with 96 %
ethanol as the solvent. This research is an experimental laboratory, was tested by disk diffusion methods
(Kirby-Baurer) using Gram-positive E. faecalis ATCC 29212 and Gram-negative P. gingivalis ATCC
33277 consisted of 6 groups: Aquadest as a negative control group, ChKM (for E.facecalis) and 0.2 %
chlorhexidine (for P. gingivalis) as positive control, 4 treatment groups of coffee robusta husk extract with
different concentrations there were 250, 250, 500, 750 and 1,000 mg/mL. The antibacterial effect was
examined by measuring the clear zone around the disk paper. The results of this study proved the presence
of antibacterial activity of coffee robusta husk extract against E. faecalis and P. gingivalis. The higher
concentrations followed with a greater antibacterial effect.
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Introduction

Enterococcus faecalis is a facultative anaerobic bacteria commonly found in root canal-treated teeth
with necrotic pulp and may cause endodontic treatment failure [1]. The prevalence range of E. faecalis in
endodontic infections was found to be high, valued at 40 % in primary endodontic infections and 22 - 77
% in persistent infections [2]. Currently, the bacteria have been found resistant to various intracanal
medicaments [3]. E. faecalis is known to be able to enter the dentinal tubes to form biofilms and survive in
high pH for a long enough time at a state of little nutrient intake. In addition, the bacteria could compete
with other microorganisms and had extraordinary virulence, such as lytic enzymes, gelatinase, cytolysin,
aggregation substance, pheromones, and lipoteichoic acid, allowing it to stay in the root canal despite the
treatment performed. E. Faecalis can also cause root canal infection to progress to the periapical tissues
which result in the onset of periapical abscess and enter the blood circulation [2,4].

Periodontal disease is the most common disease with a prevalence of 74.1 % in Indonesia [5].
Periodontal disease is a chronic inflammatory disease that causes inflammation by bacteria in the
periodontium. Porphyromonas gingivalis is one of the microorganisms that act as a keystone pathogen in
periodontal disease [6]. P. gingivalis is a Gram-negative and its virulence factors, such as capsule, fimbriae,
gingipains, and lipopolysaccharide (LPS) play a role in inducing periodontitis [7]. Some studies suspect
this bacterial invasion causes intravascular infection can spread its products throughout the body and
become a factor risk for systemic disorders, such as cardiovascular disease (CVD), atherosclerosis, stroke,
and premature birth [6].
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It is important to administer intracanal medicament to eliminate E. Faecalis in the root canal [4] and
plaque control material for eliminating P. gingivalis. One of common medicaments to sterilize the root
canal is ChKM (Chlorophenol Kamfer Menthol) which has disinfectant properties and broad spectrum.
ChKM can quickly diffuse in dentinal tubules and destroy the bacteria membrane by binding on its proteins
and lipids. However, its disadvantages relate to it killing potential cells and is allergenic, triggering adverse
immune response [8]. Treatment efforts for periodontal disease are done by scaling and root planning and
using mouthwash, namely chlorhexidine. 0.2 % chlorhexidine mouthwash for long-term usage has side
effects in the form of dental discoloration and mucositis [9].

Coffee is the largest agricultural commodity in the world, especially robusta coffee. Robusta coffee
is widely grown in Jember City, Indonesia [10]. In coffee processing 40 - 50 % of coffee husks are
produced, but they are only considered as waste, animal feed and, fertilizer in plantations. Robusta coffee
husk extract is one of the natural components that is empirically utilised as an antibacterial [11]. Coffee has
been known as a potential phitopharmacy plant [12]. A prior study showed that robusta coffee husk peels
contained secondary metabolite compounds named polyphenols with antibacterial properties [13]. Robusta
coffee husk peels contain active compounds of flavonoids, tannins, saponins, and alkaloids that exhibit
antibacterial activity [14,15]. Other studies also identified the presence of antibacterial properties of robusta
coffee husk extract against Streptococcus mutans and Lactobacillus acidophilus [16]. This research aimed
to investigate the antibacterial activity of robusta coffee (Coffea canephora) husk extract against E. faecalis
and P. gingivalis.

Materials and methods

Ethical approval for antibacterial assay (No.1382/UN25.8/KEPK/DL/2021) was provided by the
Ethical Committee of Medical Research at the Faculty of Dentistry at Jember University. Antibacterial
assay was divided into 6 groups, namely: Robusta coffee extract concentrations of 250, 500, 750, 1,000
mg/mL, positive control (CHKM and 0.2 % chlorhexidine), and negative control (Aquades sterile). List of
tools and materials are: Blender (Philips, Holland), spatula (Pyrex, Japan), filter paper (Whatman), digital
scales (Scale SF400, China), test tube (Iwaki Pyrex, Japan), rotary evaporator (Heidolph, Germany), vortex
(Labinco L46, Netherlands), petridish (Iwaki Pyrex, Japan), oven (Binder, Germany), laminar air flow
(Labtech, Indonesia), incubator (LabTech, Indonesia), autoclaf (Memmert, Germany), Erlenmeyer tube
(Schott Duran, Germany), spectrofotometer (Boeco S-22, Germany), micropipet (Socorex Acura 825,
Swiss), digital caliper (Krisbow, Indonesia), Ose neddle (Nikrom, Indonesia), gelas ukur (Iwaki Pyrex,
Japan), Robusta coffee husk extract, S.mutans, P. gingivalis, Mueller Hinton Agar (MHA) (HiMedia,
India), Mueller Hinton Broth (MHB) (HiMedia, India), aquadest (Onelab, Indonesia), etanol 96 % (No
Brand), chlorhexidine 0.2 % (Minosep Minorock, Indonesia), paper disc (Oxoid, United Kingdom).

Preparation of robusta coffee husk extract

The maceration process of robusta coffee husks was washed and dried in the sun and put in an oven
for 24 h at 50 °C. The rind of dried and crushed robusta coffee fruit is weighed to 800 g are put in 96 %
ethanol solution with a ratio of 1:5 for 3 days. The maceration results were filtered through fine filter paper
and evaporated with a rotary evaporator for 12 h. The preparation is obtained by mixing robusta coffee
husk extract according to the weight of the concentration in a test tube containing 1 mL of aquades steril
and homogenising it with a vortex.

Inoculum suspension

E. faecalis ATCC 29212 and P. gingivalis ATCC 33277 were the microorganisms used. One ose of
bacterial culture was placed in a tube containing 2 mL of Muller Hinton Broth (MHB) liquid medium, and
the suspension was vibrated using a vortex and adjusted for turbidity to the 0.5 McFarland standard.

Antibacterial assay

The disc diffusion method used in this study for the antibacterial test (Kirby-Bauer). Each suspension
of E. faecalis was streaked (zig-zag scratched) onto the surface of Muller Hilton Agar (MHA) and P.
gingivalis into the surface of blood agar media with a cotton swab. Each group’s solutions were poured
onto disc paper using a micropipette and left to infuse. The disc paper was placed on the surface of
inoculated media, then the petridish was closed and placed in an incubator at 37 °C for 24 h. The restricted
growth seen in the clear zone surrounding the paper disc, was measured using a vernier caliper. The
diameter of the circle was used to calculate the circular inhibition zone, while the long and short diameters
were added together and divided by 2.
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To get the elliptical inhibition zone, if the inhibition zone did not appear on the paper disc, the
inhibition zone would be 0.00 mm [17].

Statistical analysis

Statistical tests were performed using SPSS 2.6 at a significance level of 95 %. One-way Anova
parametric test was employed for all treatment groups, followed by the post Hoc LSD test to determine the
significant differences in each group (p < 0.05)[18].

Results and discussion

The inhibition zone exhibited on the paper disc varied among robusta coffee husk extract groups. The
biggest to the smallest inhibition zone displayed on the paper disc with robusta coffee husk extract were
from 1,000 to 750 to 500 and to 250 mg/mL. The higher level of the concentration, the bigger the inhibition
zone appeared. The p value for the one-way Anova and post Hoc LSD tests was 0.000, indicating that is a
significant difference in the average diameter of the inhibition zone across groups.

Figure 1 A) Inhibition zone of various robusta coffee husk extract against . faecalis s; B) Inhibition zone
of positive (K+) and negative controlled-groups (K—), E250: 250 mg/mL extract concentration; E500: 500
mg/mL extract concentration; E750: 750 mg/mL extract concentration; E1,000: 1,000 mg/mL extract
concentration.
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Figure 2 Histogram average score of inhibition zone diameter (mm) of robusta coffee husk extract against
E. faecalis ("p < 0.05).

The antibacterial activity of robusta coffee husk extract was classified based on the diameter of the
inhibition zone that appeared. Antibacterial activity was classified into 4 levels. The antibacterial activity
was considered low if the diameter was < 5 mm, medium with the diameter was 6 - 10 mm, strong with the
diameter was 11 - 20, and superior with the diameter was > 21 mm. All concentrations of robusta coffee
husk extract had medium antibacterial activity.
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The results showed the antibacterial activity of robusta coffee husk extract against P. gingivalis
(Figure 3). An inhibition zone was formed by robusta coffee husk extract and the positive control (0.2 %
chlorhexidine), negative control showed no inhibition zone (0 mm).

Figure 3 Antibacterial activity against P. gingivalis. P1: 250 mg/mL extract concentration; P2: 500 mg/mL
extract concentration; P3: 750 mg/mL extract concentration; P4: 1,000 mg/mL extract concentration; K+:
Positive control; K—: Negative control.

Robusta coffee husk extract has proven antibacterial inhibition against P. gingivalis. The visible
inhibition zone is a clear area around the disc paper, but it has dark brown due to the brown robusta coffee
extract solution, so the brown dye diffuses around the disc paper. In addition, the presence of tannins in the
skin of robusta coffee husk functions as a substance that gives a brownish color pigment [19,20].

The results of the inhibitory zone formed in antibacterial tests of P. gingivalis can be divided into, the
radical zone (radical zone) and the iradical zone (iradical zone). The radical zone or also called the kill zone
is indicated by the presence of a clear zone around the paper disc where in this area no bacterial growth is
found at all. The iradical zone is a zone located between the bacterial colony area and the clear zone where
there is still bacterial growth, characterized by areas that appear infertile or cloudier when compared to
negative controls. The iradical zone is also called the inhibitory zone because in this zone bacterial growth
is only inhibited but not killed [21].

The average of the inhibition zone revealed that the robusta coffee husk extract at 1,000 mg/mL
resulted in the biggest inhibition zone against P. gingivalis of 20.07 (Figure 4).
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Figure 4 Average inhibition zone diameter against P. gingivalis ("p < 0.05, *p > 0.05).
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The active chemicals found in robusta coffee husk extract are assumed to be responsible for an
antibacterial. Its mechanism related to the function of secondary metabolites substances contained in
robusta coffee husk extract was proven to have antibacterial activity [11]. The extract has been known to
have secondary metabolite compounds such as polyphenols, flavonoids, tannins, saponins, and alkaloids
[14,22].

The action mechanism of flavonoids as positive gram antibacterial agents like E. faacalis, is related
to its structure which has aromatic rings, damaging the cytoplasmic membrane. The damage allows
nucleotide and amino acid to leave cells. By the time of cytoplasmic membrane is damaged, ion H+ from
flavonoid would attack polar group (phosphate group), hence phospholipid molecule would be unravelled.
This leads to inactivity of the phospholipid to preserve the form of the cytoplasmic membrane, thus the
cytoplasmic membrane would be leaked [23,24].

Flavonoids which are one of the antibacterial compounds contained in extracts have the ability as
bacteriostatic and bactericidal, by inhibiting the synthesis of bacterial cell walls, inhibiting bacterial toxins
and damaging phospholipids in the bacterial cytoplasmic membrane [23]. Flavonoids as an antibacterial
property by interfering the cell wall biosynthesis of P. gingivalis by inhibiting fatty acid synthase type-II
(FAS-II) from lipopolysaccharide which is an important component for bacterial synthesis, so that the cell
wall will be damaged and flavonoids will enter the cell nucleus and contact with bacterial DNA causing
bacterial lysis and death [25]. Flavonoids can also inhibit pili and flagellum so that adhesion and
colonization of bacteria do not occur [26].

Alkaloid is contained in robusta coffee husk extract also acts as an antibacterial agent. It is a basic
nitrogen heterocyclic compound. The action mechanism of the compound against E. faecalis is connected
to its basic group that reacts with acid compound in the bacteria, which is the DNA. This leads to protein
synthesis and the nucleate acid of E. faecalis agitated [27]. Alkaloids interfere with cell wall synthesis by
penetrating LPS from P. gingivalis. Alkaloids interferec with peptidoglycan formation and damage cell
walls. As a result of the rupture of the cell wall, alkaloids that are alkaline will interacts with acidic
compounds in DNA and interfere with enzymes topoisomerase, so bacteria cannot multiply and causing
decrease in the number of bacteria [28].

It is also proven that the extract contains the other active compound, which is polyphenol. Bacteria’s
cell wall plays a significant role in osmotic protection. However, polyphenol can damage it, which results
in lowering the cell’s tolerance to high ionic strength and low osmotic pressure. The damaged cell wall
allows polyphenol to interact with the bacteria’s plasma membrane and leads to lowering negative charge
of the bacteria, change of hydrophobicity, and occurrence of local rupture that make the cell leaked and
release cellular molecules. Polyphenol is also known for its ability to agitate the positive gram bacterial
quorum sensing system which is essential in forming biofilm. Due to the presence of polyphenol, the system
is agitated and the bacteria’s survival ability decreases for skipping the biofilm formation [29].

Polyphenol molecules are able to reduce the length and density of fimbriae. Furthermore, polyphenols
will bind to lipid-A from lipopolysaccharides (LPS) in P. gingivalis. Polyphenols will damage the bacterial
cell wall, thereby lowering the cell’s tolerance to high ionic strength and low osmotic pressure. It causes
polyphenols to interact with the plasma membrane of bacteria and resulting in a decrease in the negative
charge of bacteria, changes in hydrophobicity, the occurrence of local rupture, and the formation of pores
so that cell membranes will leak and release cellular molecules [29].

Another compound that acts as an antibacterial agent is tannin. The action mechanism of tannin
against E. faecalis is by forming hydrogen bonds with the protein of the bacteria cell, thus the protein is
denaturized and the bacteria cell’s metabolism is agitated. The hydrogen bond formed between tannin and
protein would cause molecular shape changes in the protein and reduce the biochemical activity of E.
faecalis. The reduction of biochemical activity in E. faecalis may inhibit reverse transcriptase enzymes and
topoisomerase DNA, hence the bacteria cell cannot be formed [30].

Tannins can bind complexes with proteins, polysaccharides, alkaloids, and minerals can cause
damage to bacterial cells. Tannins can reduce the length of fimbriae by 60 % in bacteria and can interfere
with cell permeability by scrunching the walls cell so that the formation of the cell wall is not complete.
Further tannins will enter the cell nucleus and interact with DNA so that enzymes inhibit topoisomerase.
Bacterial enzymes are inhibited by absorbing the substrate macronutrient minerals such as zinc that are
needed for bacterial growth. Bacteria cannot multiply, the number of bacteria decreases due to inhibition
of the topoisomerase enzyme and results in bacterial death [31,32]. A previous study in periodontitis rats
model which induced P. gingivalis showed the antibacterial activity of cocoa pod extract gel is found in the
content of tannins. It has the ability to inhibit the work of protease enzymes which cause bacterial metabolic
processes to be disrupted so that they can cause death in bacteria [33].
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The other component contain in robusta coffee peel extract is saponin. This active compound which
surface looks like detergent can reduce tense of the bacteria cell wall and is also proven to damage E.
faecalis membrane permeability. The action mechanism of saponin is by diffusing through outer membrane
and the cell wall then binding the cytoplasm membrane, which leads to agitating and reducing the cytoplasm
membrane and causes cytoplasm to leake and leave the bacteria cell [34].

The efficacy of an antimicrobial compound to inhibit microbial growth depends on the level of
concentration, type of microbe, pH level, and dissolved substance or organic matter [35]. Concentration
level would affect the diffusion activity to inhibit the growth of E. Faecalis and P. gingivalis. This study
showed that the higher concentration level of the extract, the biggest inhibition zone occurred. It was
assumed that higher level of concentration creates more antibacterial active compounds. Hence, the activity
to inhibit bacterial growth is more optimal [36,37]. Other research also affirmed that higher concentration
test solution is followed by larger inhibition zone [22].

The results showed that ChKM as the positive control for E. faecalis has the biggest inhibition zone
compared to the groups of robusta coffee husk extract. The average diameter of inhibition zone created by
ChKM against E. faecalis was 18.95 mm and can be classified as strong antibacterial activity. The
antibacterial effect of ChKM results from its main ingredient which is parachlorophenol that can destroy
various microorganisms, one of which is E. faecalis. ChKM is known as an intracanal medicament that has
antibacterial activity with broad spectrum. ChKM has better antibacterial disinfectant compared to other
phenolic medicaments (paramonochlorophenol, thymol and cresol) [38]. In addition, according to previous
study of all antibacterial agents tested from ChKM, chlorhexidine, polyhexanide, to povidone iodine, it
shows that the antibacterial with highest effectiveness to eliminate E. faecalis is ChKM. The antibacterial
effect of ChKM is based on its activity to destroy the bacteria membrane by binding its protein and lipid
[39].

Zero-point-two percent chlorhexidine as a positive control for P. gingivalis is an effective
antibacterial ingredient in inhibiting and killing bacteria in the oral cavity. Chlorhexidine with a high
concentration (> 0.1 %) is charged with cations (+) while bacteria have an anion charge (—), so this can
make it easier chlorhexidine to attach to bacteria by penetrating and damaging P. gingivalis cells wall that
causes cytoplasmic leakage from within the cell and produce effects bactericidal (lysis and death of bacterial
cells) [40]. While sterile aquades as a negative control are compounds that are neutral so that no inhibition
zone forms around the disc and do not give affect antibacterial growth [41].

Besides the antibacterial agent, the bacteria structure also plays role in the antibacterial action
mechanism. Each bacterium has a different composition and structure of cell wall. The sample needs to
diffuse into the cell through the bacteria cell wall to kill the bacteria [42,43]. The ability of each bacterium
against antibacterial action varies from one to another, depending on the thickness and composition of the
cell wall. This bacteria is a kind of positive gram bacteria which cell wall structure has more than 40 % of
peptidoglycan [44]. The positive gram bacteria of E. faecalis has relatively simple structure of cell wall
consisting of 2 layers, that are thick peptidoglycan layer and inner membrane. This makes the E. faecalis
susceptible to antibacterial agents because the agent can easily diffuse in [45].

P. gingivalis is a Gram-negative bacterium has a complex structure, there are endotoxins in the form
of lipopolysaccharides in its walls and the outer membrane surrounds the plasma membrane has
peptidoglycan in it. Sensitivity to incoming antibacterial compounds may be hindered due to the complex
bacterial cell structure in P. gingivalis [46]. This is in line with previous research which shows that Gram-
positive bacteria have a larger inhibitory zone compared to Gram-negative bacteria [47]. This is due to the
structure of E. faecalis in contrast to P. gingivalis. P. gingivalis is a Gram-negative bacterium has a complex
cell wall layer and there are endotoxins in the form of lipopolysaccharides, while E. faecalis has a simpler
cell wall structure, which is 90 % of its wall consists of peptidoglycan [48]. This is caused by the difference
in the inhibitory zone between E. faecalis and P. gingivalis. The inhibitory zone formed in E. faecalis is
the radical zone, while in P gingivalis an iradical zone is formed.

Conclusions

Robusta coffee (Coffea canephora) husk extract at concentrations of 250, 500, 750 and 1,000 mg/mL
exhibited antibacterial activities against E. faecalis and P. gingivalis. It was also found that the higher the
concentration, the bigger inhibition zone appearred. Robusta coffee husk extract with a concentration of
1,000 mg/mL showed the greatest inhibition zone.
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