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ability to form biofilms is an internal factor that can prevent contact be-
tween bacteria and antibiotic agents. The use of plant extracts as an an-
tibiotic is thought to be a promising solution, and one of them is the
clove leaves (Syzygium aromaticum (L.) Merr & Perty).

Objective: This study aims to determine the effectiveness of 96% etha-
nol extract of clove leaves as an antibacterial agent against Staphylococ-
cus epidermidis and Providencia struartii

Methods: This was an experimental analytic study with a post-test-only
control group design method on four treatment groups with a concen-
tration of 2.5%, 5%, 10%, and 20%, as well as a positive and negative
control group. Data were analyzed by the Kruskal Wallis test and Post
Hoc Mann Whitney test.

Results: The Kruskal Wallis test's tesult on both germs obtained a p-
value <0.05. Post-Hoc Mann Whitney test results, for both germs, the
comparison of the data on each concentration to the negative control
obtained a p-value <0.05.

Conclusion: 96% ethanol extract of clove leaves has activity as an anti-
bacterial agent against Staphylococcus epidermidis and Providencia stu-
artii.
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INTRODUCTION

Several antibiotic resistance has occurred
worldwide. Infections caused by bacterial re-
sistance have also been reported in developed
countries such as the United States, with a
prevalence of 2.8 million people per year, while
35,000 of them died . Easy over-the-counter
access to antibiotics also leads to an increase in
antibiotic consumption. This aggravates the
problem of antimicrobial resistance in low- and
middle-income countties, including Indone-
sia’. Besides, bacterial ability to produce bio-
films also plays a role in the occurrence of an-

tibiotic resistance®.

The ability of bacteria to form biofilms is an
internal factor that may prevent contact be-
tween bacteria and antibiotic agents, facilitat-
ing the development of antibiotic resistance”.
Staphylococcus epidermidis is a bacteria that often
causes opportunistic infections in patients who
use medical implants and is the most common
cause of nosocomial sepsis’. Nosocomial in-
fections can also occur in urinary tract infec-
tions due to prolonged use of catheters. The
primary etiology of this type of infection is

Providencia stuartii °.

Alternative medicine to overcome several chal-
lenges related to antibiotic resistance is increas-
ingly being investigated. WHO also recom-
mends traditional medicine, including medici-
nal plants, if it has been proven safe and effec-
tive, it can be incorporated into the national
health system®. One of Indonesia's native

plants that can be used as an antibiotic is the
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clove plant (Syzgygium aromaticum (L.) Merr &
Perry). However, clove leaves are more often
used as a component in the manufacture of cig-

arettes and eventually become waste®.

METHODS

This is an experimental analytic study with a
post-test-only control group design method,
with ethical clearance number 2438/A.1/
KEPK-FKUMS/X/2019. We use colonies of
Staphylococcus epidermidis and Providencia stuarti,
obtained from the Microbiology Laboratory of
the Faculty of Medicine, Universitas Muham-
madiyah Surakarta, which were taken by pur-
posive sampling method. The research group
consisted of 4 treatment groups with a concen-
tration of 2.5%; 5%; 10%; and 20%, a positive
control group and a negative control group, for
each bacteria studied. The minimum number
of samples in each group for each bacterium
studied was 6, determined by the Federer for-
mula (n-1)(t-1)>15. Statistical analysis was car-
ried out by the Kruskal Wallis test and fol-
lowed by the Post Hoc Mann Whitney test.
The positive control used was chlorampheni-
col for Staphylococcus epidermidis and ciprofloxa-
cin for Providencia stuartii. At the same time, the

negative control was Na-CMC 0.1% for both
groups.

RESULTS

The results of Staphylococcus epidermidis and Prov-

idencia stuartii inoculation on Muller Hinton
media that have been given clove-leaf extract

in various concentrations are summarized in

the following Table 1:
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Table 1. Diameter of Bacterial Inhibitory Zone on Various Concentrations of Clove Leaf Extract

Diameter of Bacterial Inhibitory Zone (mm) on each Replication

Group Mean
1 2 3 4 5 6
Staphylococcus epidermidis

1 20 15 15 20 20 15 17.5
2 20 15 25 25 25 20 21.7
3 25 25 25 20 25 20 233
4 30 25 25 20 20 25 2417
5 15 10 15 15 20 10 14.17

6 0 0 0 0 0 0 0
Providencia stuartii
1 0.80 0.75 0.70 0.80 0.70 0.75 0.75
2 1.20 1.00 1.00 0.90 0.80 0.90 0.96
3 1.40 1.40 1.40 1.30 1.30 1.20 1.3
4 2.00 1.70 1.60 1.50 1.50 1.60 1.65
5 37 36 35 35 33 32 34.7
6 0 0 0 0 0 0 0
Note:

Group 1: Clove leaf extract with a concentration of 2,5%
Group 2: Clove leaf extract with a concentration of 5%
Group 3: Clove leaf extract with a concentration of 10%
Group 4: Clove leaf extract with a concentration of 20%
Group 5: Positive control

Group 6: Negative control

Figure 1. Inhibition Zone in Staphylococous epidermidis (A) and Providencia stuartii (B)
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Table 2. The Result of Post Hoc Mann Whitney Test on Stgphylococcus epidermaidis

Group 1 2 3 4 5 6
1 0.073 0.011 0.011 0.116 0.002
2 0.073 0.465 0.337 0.016 0.002
3 0.011 0.465 0.715 0.005 0.002
4 0.011 0.337 0.715 0.005 0.002
5 0.116 0.016 0.005 0.005 0.002
6 0.002 0.002 0.002 0.002 0.002

Table 3. The Result of Post Hoc Mann Whitney Test on Providencia stuartii

Group 1 2 3 4 5 6
1 0.006 0.003 0.004 0.004 0.002
2 0.006 0.004 0.004 0.004 0.002
3 0.003 0.004 0.004 0.004 0.002
4 0.004 0.004 0.004 0.004 0.002
5 0.004 0.004 0.004 0.004 0.002
6 0.002 0.002 0.002 0.002 0.002

Note:

Group 1: Clove leaf extract with a concentration of 2,5%

Group 2: Clove leaf extract with a concentration of 5%

Group 3: Clove leaf extract with a concentration of 10%

Group 4: Clove leaf extract with a concentration of 20%

Group 5: Positive control

Group 6: Negative control

DISCUSSION

The data in Table 1 shows an increase in the
diameter of the inhibition zone of each bac-
terium along with the increase in the concen-
tration of the clove-leaf extract. Thus, it can be
interpreted that the greater concentration of
the extract used, the more compelling content
of active ingredients in the extract so as to in-

crease the effect of each active ingredient.

Kruskal Wallis test on the two bacteria tested
obtained a p-value <0.05, which means that
there are at least two groups that have signifi-
cant differences in the diameter of the inhibi-

tion zone formed. Based on the Post-Hoc
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Mann Whitney test on Staphylococcus epidermidis
and Providencia stuartii, the results of the com-
parison of data on each concentration to the
negative control obtained a p-value <0.05.
These results indicate that there is a significant
difference in the size of the inhibition zone,
and in other words, 96% ethanol extract of
clove leaves is effective as an antibacterial
agent against the two bacteria. This is also in
line with several other previous studies which
state that clove leaves have antibacterial activ-

ity against certain bacte-ria”'"!".

Clove leaves contain several active substances

with antibacterial properties, such as eugenol,
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flavonoids, tannins, saponins, and triterpe-
noids™'*'"'*P FEugenol appears as a yellow oil
with a characteristic clove odor and a spicy

(s
taste”!”

. Eugenol is classified as a phenolic
compound that can inhibit bacterial growth.
Eugenol lyses bacterial cell membranes, result-
ing in cell leakage. Thus, the essential metabo-
lites needed by bacteria will be wasted. Eugenol
also causes denaturation and inhibition of pro-
tein and nucleic acid synthesis. This may lead
to disruption of the metabolic function of bac-
teria, then cause bacterial death'*. Flavonoids
and tannins work as antibacterial by forming
complex compounds against extracellular pro-
teins that disrupt the integrity of the bacterial
cell membrane without being repaired'>">".
Triterpenoids are secondary metabolites that
act on porins on the outer membrane of the
bacterial cell wall. Triterpenoids from strong
polymeric bonds cause damage to porins so
that bacterial cells will lack nutrients, and their
growth will be stunted or die'"'". Tannins
form covalent and non-covalent bonds with
proteins or bacterial polysaccharides, thereby
destroying the integrity of the bacterial cell
wall, inhibiting their growth, and inhibiting

protease activity'®".

However, the data on the Staphylococcus epider-
midis group showed that the average size of the
inhibition zone of the clove-leaf extract con-
centration was more significant than the size of
the inhibition zone on the positive control. In
contrast, the data on the Providencia stuartii
group showed the opposite. Therefore, it can
be interpreted that clove-leaf extract has a
more substantial antibacterial effect than chlo-

ramphenicol but is weaker than ciprofloxacin.

Staphylococcus epidermidis colonizes on the epi-

dermis layer of the skin, which has the main
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constituent in the form of keratinocytes. In the
presence of these colonies, pattern recognition
receptors (PRRs) such as TLR2 on keratino-
cytes bind to soluble proteins secreted by
Staphylococcus epidermidis to stimulate the pro-
duction of antimicrobial peptides. Colonies of
epidermidis CD4+

FOXP+ Treg response critical in immuneto-

Staphylococcus induce a
lerance to Staphylococcus epidermidis as a com-
mensal organism. Unintact skin conditions al-
low Staphylococeus epidermidis to enter the blood-
stream and cause bacteremia and acute sepsis.
The body's immune response to sepsis highly
depends on neutrophils, the comple-ment sys-
tem, and the immune response to biofilm-as-
sociated infections is often ineffec-tive because
biofilms inhibit phagocytic mechanisms by
PMNs and macrophages. The production of
anti-inflammatory cytokines such as I1.-13 also
tends to increase, while the secretion of proin-
flammatory cytokines such as IL.1-beta, I11.-12,

and IFN-gamma is deficient™"".

Providencia stuartii may produce biofilm cells re-
sistant to calcium, magnesium, and high con-
centrations of urea and show the ability to
grow over a wide range of pHs. Omp-Pst2
porin sheds light on its role in the early stages
of growth and the adaptation to high concen-

trations of urea and varying pH®".

In addition to looking at the level of bacterial
pathogenicity, primary health care services
need to be more active in tackling antimicro-
bial resistance. Revitalizing primary health care
in low- and middle- income countries are
needed to incorporate more vital systems to
prevent and manage infections in the commu-
nity and health facilities. Community involve-
ment and empowerment are critical to effec-

tive behavior change that can prevent and
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manage common diseases without unneces-

sarily using antimicrobials

4,20

CONCLUSION

The 96% ethanol extract of clove leaves con-

tained active compounds that could act as an-
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