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Abstract

Infectious diseases due to opportunistic bacteria and pathogens are still a health
problem. Transmission can be prevented by using an alcohol-based antiseptic liquid or
naturally. Averrhoa bilimbi L. fruit plants and Cananga odorata flowers contain bioactive
compounds that can inhibit bacterial growth. This study aimed to analyze the infusion
activity of Averrhoa bilimbi fruit and Cananga odorata flower in single and combined
dosage forms against several frequently pathogenic bacteria in vitro. This posttest-only
experimental study with a control group design used the paper disc diffusion method.
Observation parameters were the diameter of the inhibition zone on the test bacteria
after infusion treatment of 50%, 75%, and 100% A.bilimbi fruit and 100% C.odora flowers,
as well as 70% alcohol. The results showed that the diameter of the inhibition zone in the
combination treatment of A.bilimbi and C.odorata infusion was significantly different
from that of the single preparation (p<0.05). The combination of 100% A.bilimbi and
100% C.odorata (ratio 1:1) produced the greatest effect and was equivalent to 70%
alcohol. The average inhibition of the combination infusion of Staphylococcus aureus
(17.36mm) and Staphylococcus epidermidis (17.57mm) was greater than that of
Escherichia coli (14.48 mm) and Salmonella enterica serovar Typhi (14.12mm). In
conclusion, the infusion of Averrhoa bilimbi fruit and the Cananga odorata flower had
antibacterial activity, and the combined preparation produced a better inhibitory effect
than the single preparation.

Keywords: antibacterial activity, Averrhoa bilimbi L., Cananga odorata, infusion, single
preparation, combination preparation

Introduction

Infectious diseases related to one's hygiene are still a health
problem in the community, especially for those who live on
riverbanks (Budiarti et al., 2022). The most common causative
agents found were opportunistic and obligate pathogens.
Generally, infection transmission often occurs due to the use of
water that has been contaminated with bacteria and direct
contact with hands or the presence of bacterial contaminants on
the skin surface (Budiarti, Isnaini, et al., 2021; Wulansari & Parut,
2019). The results of the study which identified the types of
bacteria in hand swabs and feces samples from people living
around the riverbanks of Banjarmasin City, found the types of
bacteria Staphylococcus aureus (S.aureus), Staphylococcus

epidermidis (S.epidermidis), Escherichia coli (E.coli) in hand swab
samples and Salmonella enterica serovar Typhi in stool samples
(Kurniati et al., 2019; Yulia Budiarti et al., 2017.).

Prevention of transmission of bacteria from person to person,
namely by the use of antiseptics; aimed at reducing or killing
bacterial colonization found on the surface or skin tissue
(Budiarti, Isnaini, et al., 2021). The most commonly used
antiseptics are alcohol-based. Alcohol is a bactericide that works
to damage cell membranes, inhibits enzyme performance, and
denatures bacterial cell proteins (Asngad et al.,, 2018). The
disadvantage is that the use of alcohol in the long term causes
the skin to feel burning, irritated, and dry skin (Fardan &
Harimurti, 2018). An effort to reduce the impact of alcohol use
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is to use natural antiseptic preparations. Antiseptic product
innovations can be developed from herbs containing
antibacterial compounds, intended to reduce the use of
chemical-based drugs and their negative effects (Budiarti et al.,
2022).

Biodiversity in the form of herbal plants in the territory of
Indonesia has been widely used as phytopharmaca ingredients,
including those sourced from the fruit of Averrhoa bilimbi L (A.
bilimbi) known as star fruit wuluh and Cananga odorata (C.
odorata) or ylang flower. In Indonesia Averrhoa bilimbi (Family
Oxalidaceae) is a plant that is commonly used as traditional
medicine and cooking ingredients. (Dewi et al., 2019). In the
people of South Kalimantan, the juice of A.bilimbi fruit is also
used to reduce the fishy smell on hands when processing fish-
based food. C.odorata flowers are generally very commonly used
in funeral and religious ceremonies, namely the dosage form of
the flower water gives a fragrant and fresh aroma.

A. bilimbi plants are used for the treatment of various diseases;
Infusion and decoction of the leaves are used as antibacterial,
antiscorbutic, astringent, fever medicine, rectal inflammation,
and diabetes. The fruit part is used more often; grated fruit is
used as an acne remedy; while fruit juice is used in treating
scurvy, biliary colic, whooping cough, hypertension, obesity, and
diabetes (Alhassan & Ahmed, 2016; Dewi et al., 2019). A.bilimbi
fruit contains flavonoid compounds (apigenin  and
luteolin)(Zarwinda et al., 2022) ; and tannins, coumarins, and
terpenes (Alhasan and Qamar, 2017). The content in C.odorata
flowers is flavonoid compounds, tannins, saponins, and steroids
(Putri et al., 2020). Water extract and chloroform extract from
the leaves and fruit of A. bilimbi produced an effect on S.aureus,
S.epidermis, B.cereus, Salmonella enterica serovar Typhi,
C.freundii, A.hydrophila, P.vulgaris, and K.rhizophila (Alhassan &
Ahmed, 2016). In various solvents, A.bilimbi fruit extract has an
effect on S. aureus and Salmonella enterica serovar Typhi
(Maryam et al., 2015); E.coli, P.aeruginosa, S.typhimurium,
S.aureus, and V.parahaemolytius (Seebaluck-Sandoram et al.,
2019); also against gram-negative and gram-positive multi-drug
resistance (MDR) bacteria (Prastiyanto et al., 2020). A. bilimbi
extract was able to reduce the number of bacterial colonies on
the hands (Santoso et al., 2020).

C.odorata flowers can be used as a basic ingredient for making
natural cosmetics and medicine; they have been used as
aromatherapy in the manufacture of perfumes and liquid soap
(Anggia et al., 2018). The efficacy of C.odorata flower as a
medicine, namely skin disease medicine, mosquito repellent,
asthma medicine, antioxidant, and antibacterial (Dusturia, N.,
S.R. Hikamah, 2016). C.odorata flowers can be used in the
manufacture of transparent soap (Maulidya et al., 2020). The
addition of essential oils in the content of hand soap can increase
the antimicrobial effect (Heriyani et al., 2021). The ethanolic
extract of C.odorata flowers has an effect on S.aureus,
S.epidermidis, B.cereus and E.coli (Yulinah et al., 2014). Its
essential oil has a good effect on B.subtilis, S.aureus,
S.enteritidis, and E.coli (Anggia et al., 2018). Hand sanitizer gel
C.odorata 0.5%, 1.25%, 2.5%, and 5% were able to inhibit E.coli
and S.aureus (Herlina et al., 2020).

Antibacterial preparations can be used singly and in
combination; A good combination of extracts has a synergistic
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effect. The combination of infusion at the appropriate
concentration can produce better effectiveness against bacteria
and fungi (Budiarti, Isnaini, et al., 2021). The combination of
M.calabura leaf extract and A.bilimbi 10%-20%, the ratio of 1:2,
2:1, 1:3, and 3:1 resulted in moderate inhibition (Pramiastuti et
al., 2020). (Tadtong et al., 2012) stated that a mixture of ylang
flower oil extract, lavender, and clary sage (ratio 3:4:3) produced
good effects on S.aureus, S.epidermidis, E.coli, P.aeruginosa, and
C.albicans (Tan et al., 2015).

The presence of antibacterial content in A.bilimbi and C.odorata
flowers allows it to be developed as an antiseptic preparation,
the effectiveness of which is known through the phenol
coefficient test(Budiarti, Wydiamala, et al., 2021). The phenol
coefficient of the combination of A.bilimbi fruit infusion and
C.odorata flowers on S.aureus was different from that of
Salmonella enterica serovar Typhi (Budiarti, Isnaini, et al., 2021).
Continuation of the research is reported in this study; this study
aimed to analyze the antibacterial activity of the infusion of
Averrhoa bilimbi L. fruit and Cananga odorata flowers, in single
and combination preparations against several frequently
pathogenic bacteria.

Methods

This experimental study used a posttest only with a control
group design, this was approved by the ethical commission of
the Faculty of Medicine, University of Lambung Mangkurat;
letter number: 753/KEPK-FKULM/EC/VIII/2021. The research
was conducted at the Pharmacology and Microbiology
Laboratory, Faculty of Medicine, University of Lambung
Mangkurat Banjarbaru, from October to November 2021.

Materials

The test plants were from Banjrbaru, South Kalimantan, and
were identified as Averrhoa bilimbi L. and Cananga odorata. The
selected A.bilimbi fruit material is fresh green, not too ripe, and
soft; while the yellow petals of C.odorata are selected fresh and
picked in the morning. The test bacteria isolates were collected
from the Microbiology Laboratory of the Faculty of Medicine,
ULM, namely Staphylococcus aureus ATCC 29523,
Staphylococcus epidermidis ATCC 35983, Escherichia coli ATCC
25922, and Salmonella enterica serovar Typhi ATCC 19430.

Laboratory Analysis
Infusion of Averrhoa bilimbi and Cananga odorata

The research materials that have been obtained, namely
A.bilimbi fruit and C.odorata flowers were washed with running
water until clean to remove all dirt attached to these materials.
Then the fruit and flowers were dried in the sun using a black
cloth cover. This was done so that the test plant material was
protected from secondary metabolite degradation due to
sunlight. After that, the dry ingredients were mashed with a
blender to reduce the size.

In each test plant, an infusion was made. The trick was to add
sterile distilled water to the test material until a 100% level was
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obtained, placed it in a beaker glass container and placed it on a
hot water bath/infusion pot (90°C) and he for 15 minutes,
stirring occasionally. The results of the infusion preparation were
filtered through filter paper while hot, then sterile water solvent
was added to obtain 100% concentration. Then, several
preparations of fruit infusion of A.bilimbi 50%, 75%, and 100%,
as well as flower infusion of C.odorata 100% were made.
Combination preparations or mixtures were made by mixing
every 2 infusion treatments in a ratio of 1:1.

Antibacterial Activity Test (Disk Paper Diffusion Method)

Prepared stock of test bacteria; 3-5 bacterial colonies were taken
and put aseptically into 5 mL of Brain Heart Infusion (BHI) liquid
media. The bacterial suspension was incubated for 2-6 hours at
37°C. Then, sterile saline was added until the turbidity was equal
to the standard Mc.Farland 1,5 x 10® CFU/mL.

Several 6mm paper discs were prepared to be filled with
treatment. Infusion at various test concentrations, 70% alcohol,
and sterile distilled water were placed in a test tube. In each test
tube, several paper discs were dipped, then placed on the
surface of the Mueller Hinton Agar (MHA) media with the help
of sterile tweezers with a slight emphasis so that the paper discs
adhered well, then the media was incubated 37°C for 48 hours.
The diameter of the inhibition zone or the clear zone formed
around the paper disc was measured using a caliper.

Statistic Analysis

Research data from three repetitions had a normal and
homogeneous distribution. Data were analyzed using the One-
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way Anova test and Duncan test at a 95% confidence level.

Results

Infusion of A. bilimbi fruit and C.odorata flower in single and
combined dosage forms resulted in an inhibitory effect on
several test bacteria. Figure 1 showed the diameter of the
inhibitor produced by the infusion of A.bilimbi and C.odorata
was directly proportional to the concentration. The inhibition
zone for the treatment of a single infusion preparation was
under the combination treatment of infusion and 70% alcohol
treatment.

(Davis & Stout, 1971), stated that the antibacterial activity can
be classified as a) very strong, with a diameter of the inhibition
zone is 20 mm or more; b) strong, zone of inhibition 10-20 mm;
¢) medium inhibition zone, 5-10 mm; and d) weak, the zone of
inhibition is 5 mm or less. In this study, the antibacterial power
analysis based on statistical analysis is shown in Table 1.

The smallest average inhibition zone was from the infusion of
50% A.blimbi against Salmonella enterica serovar Typhi which
was 7.76mm. The widest zone of inhibition was the combination
of 100% A.bilimbi and 100% C.odorata infusion against
S.epidermidis, which was 17.57mm. The antibacterial power of a
single infusion is in the moderate to strong category; while the
combination treatment of infusion and 70% alcohol was strong.
In general, the infusion of A. bilimbi fruit and C.odorata flowers
produced an inhibitory effect on Gram-positive bacteria S.aureus
and S.epidermidis greater than that of Gram-negative bacteria
(E.coli and Salmonella enterica serovar Typhi).
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Figure 1. Inhibitory diameter of infusion treatment of Averrhoa bilimbi fruit and Cananga odorata flower against test bacteria

infusion treatment of A.bilimbi and C.odorata

B S.aureus W S.epidermidis E.coli W S.typhi
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Table 1. The average diameter of the infusion inhibition zone of A.bilimbi and C.odorata fruit against several test bacteria

inhibition zone diameter (mm)

S.aureus S.epidermidis E.coli Salmonella

Treatment .
enterica
serovar Typhi

Infusion 0f100% C.odorata* 12,64+0,182 12,880,062 9,94+0,032 9,730,102
Infusion of 50% A.bilimbi* 10,51+0,16" 10,96+0,07° 7,88+0,03b 7,76%0,15P
Infusion of 75% A.bilimbi* 12,05+0,10¢ 12,57+0,35¢ 9,47+0,09¢ 9,19+0,07¢
Infusion of 100% A.bilimbi* 13.40+0,15¢ 13,62+0,10¢ 11,64+0,064 10,57+0,09¢
Combination of 50%A.bilimbi+100%C.odorata*  13,87+0,05¢ 13,99+0,15¢ 11,65+0,14¢ 10,66+0,06¢
Combination of 75%A.bilimbi+100%C.odorata*  15,48+0,03f 15,78+0,09f 13,41+0,14f 12,2,07f
Combination of 100%A.bilimbi+100%C.odorata  17,36+0,058 17,57+0,358 14,48+0,038 14,12+0,04¢
70%Alcohol 70% (control) 17,410,038 17,480,038 14,32+0,03¢ 14,180,048

* p< 0,05, significant differences between the treatment infusion and the control

Based on the results of the Anova test and Duncan's test (Table
1), there was a significant difference (p<0.05) between the
combination treatment of 100% A.bilimbi and 100% C.odorata
infusions and 70% alcohol treatment with all single-dose
treatments and with a combination of A.bilimbi below 100%. The
combined effect of 100% infusion is equivalent to that of 70%
alcohol. In general, the combined effect of the infusion is better
than the single dosage form.

Discussion

The results of this study showed that the infusion of A.bilimbi
fruit and C.odorata flowers had antibacterial active substances
against all the bacteria tested, this is like several previous
research reports. The administration of the liquid extract of
A.bilimbi fruit affected both Gram-positive and Gram-negative
bacteria; such as in S.aureus, B.cereus, E.coli, P.aeruginosa, and
Salmonella spp. (Mokhtar & Abd Aziz, 2016); on S.epidermis,
B.cereus, K.rhizophila, C. diphtheria, Salmonella enterica serovar
Typhi, C.fuendii, A.hydrophila, and P.vulgaris (Sugiharto, 2020).
Ripe fruit extract of A.bilimbi produces a better effect than
young fruit (Mokhtar & Abd Aziz, 2016). C.odorata flowers
produce antibacterial compounds (Putri et al., 2020). The extract
has an effect on S.aureus, S.epidermidis, B.cereus and E.coli
(Yulinah et al., 2014); and on S. aureus and E.coli (Herlina et al.,
2020).

Increasing the concentration of the combination treatment of
A.bilimbi fruit and C.odorata flower infusion can increase the
dissolved secondary compounds; thereby increasing its activity
as an antibacterial. Phytochemical compounds can act as a shield
against infectious diseases (Shahat & Marzouk, 2013). Important
compounds such as tannins, flavonoids, alkaloids, tannins, and
terpenoids have been shown to exhibit quite strong antibacterial
activity (Broniatowski et al., 2015; Hasanuzzaman et al., 2013).

In the study, better antibacterial activity was obtained from the
combination of a 100% infusion of A.bilimbi fruit and 100%
C.odorata flower. Compounds in combination preparations with
appropriate ratios, can synergize and produce better effects;
such as compounds in A.bilimbi are flavonoids, saponins,
triterpenoids, and oxalic acid (Rachmawati et al., 2017;
Sugiharto, 2020); while in C.odorata are essential oils,
flavonoids, and saponins (Anggia et al., 2018; Dusturia, N., S.R.
Hikamah, 2016).

Several previous studies also reported a greater inhibitory effect
than combination preparations. Combination of A.bilimbi and
A.vera extract gel on S.aureus (Zarwinda et al., 2022). The
linalool and linalyl acetate compounds in cananga flowers with
lavender and clary sage are components that play a role in the
combination of essential oils (Tadtong et al., 2012). The
combination of herbs can increase the synergistic effect, thus
providing a better inhibitory effect (Tan et al., 2015). The
synergistic effect of the combination of extracts enriched with
different constituents also enhances the biological activity; for
example, the tannin-enriched EtOAc fraction from the roots of
the Cochlospermum regium plant produced the best
combination as an antimicrobial (Carvalho et al., 2018).

In this study, an aqueous solvent was used as an infusion
preparation. Water can dissolve some polar compounds
contained in A.bilimbi fruit and C.odorata flowers to work to
inhibit the test bacteria. Water is a universal solvent that can
dissolve secondary compounds of flavonoids, phenols,
anthraquinones, alkaloids, and tannins (Fibonacci & Hulyadi,
2018). Secondary compounds can destroy bacterial cell walls and
inhibit bacterial growth (Abuga et al., 2020; Prastiyanto et al.,
2020). The compounds contained in A.bilimbi are flavonoids
(Khalid et al., 2019; Prastiyanto et al., 2020), tannins, saponins
(Arisanty & Dewi, 2018; Maryam et al., 2015), alkaloids and
terpenoids (Prastiyanto et al., 2020). Secondary compounds
found in C.odorata flowers are flavonoids, tannins, saponins,
steroids (Herlina et al., 2018), phenolic compounds (Rahardhian
et al., 2019), and essential oils (Putri et al., 2020).

Compounds that are often important in overcoming pathogenic
microbes are flavonoids. Flavonoids inhibit the diffusion of free
radicals and protect many oxidative factors by interacting
directly with pathogenic cellular membranes. Flavonoids are
located in the lipid bilayer and regulate non-enzymatic and
enzymatic lipid peroxidation mechanisms. Flavonoids also inhibit
the activity of the enzymes involved; Free radical generation
includes lipoxygenase, cyclooxygenase, microsomal
monooxygenase, xanthine oxidase, and glutathione S-
transferase (GST) (Khalid et al.,, 2019). These compounds
damage the permeability of the walls, microsomes, and
lysosomes of bacterial cells by exploiting the polarity difference
between lipids as constituents of bacterial cells and the alcohol
groups of flavonoid compounds. (Arisanty & Dewi, 2018), The
lipophilic nature of flavonoid compounds will inhibit cell
membrane function, nucleic acid synthesis, and bacterial energy
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metabolism (Achwandi & Khoiriyati, 2015). Differences in
polarity can block the attachment and formation of biofilms,
inhibit porins in cell membranes, and change cell membrane
permeability, thereby weakening the pathogenicity of
pathogenic bacteria (Sugiharto, 2020).

Alkaloid compounds showed good antibacterial activity on
Gram-negative bacteria, Gram-positive bacteria, and fungi.
Alkaloids have been gradually applied in clinical practice, and the
effect is relatively significant. The types of compounds that
include alkaloids are quinoline alkaloids, piperidine alkaloids,
polyamine alkaloids, imidazole alkaloids, and peptide alkaloids.
The mechanism of action of alkaloids is to disrupt bacterial cell
membranes by lipophilic compounds, affect DNA function,
inhibit protein synthesis, modify bacterial cell walls, inhibit
bacterial metabolism, and inhibit efflux pumps (Wahdaningsih et
al., 2014).

Saponin compounds play a role in damaging bacterial cell walls
(Sugiharto, 2020). This compound causes leakage of proteins and
enzymes in bacterial cells , and inhibits metabolic processes to
kill bacteria (Sugiharto, 2020). Tannin compounds can enter
bacterial cells through cell walls that have been damaged by the
action of other compounds. Furthermore, it will inactivate
enzymes and interfere with protein transport in the inner layer
of bacterial cells (Akib et al., 2019). Tannins inhibit the reverse
transcriptase and DNA topoisomerase enzymes so that bacterial
cells are not formed (Qolbi & Yuliani, 2018). Triterpenoid
compounds can help destroy cell membranes resulting in
bacterial death. According to Wu et al., (2013), triterpenoids can
react with porins on the outside of the wall which leads to the
lysis of the bacterial cell wall (Sugiharto, 2020). Triterpenoids
damage the lipid fraction of the cytoplasmic membrane so will
interfere with the process of forming a membrane or cell wall

The combination of infusion of A.bilimbi fruit and C.odorata
flower in this study resulted in a wider inhibitory effect on Gram-
positive bacteria than against Gram-negative bacteria. The
antimicrobial activity of extracts of A.bilimbi (Prastiyanto et al.,
2020; Sugiharto, 2020) and also extracts of C.odorata (Tan et al.,
2015) were said to have a better effect on Gram-positive
bacteria. In the test results comparing the antibacterial activity
of two forms of nanoparticles using A.bilimbi extract, it was
found that the inhibition zone of S.aureus was larger than that
of E.coli (Lisnawati et al., 2019). The same thing was found in a
study that combined 1.5% Cananga odorata essential oil in a
transparent solid soap based on VCO and palm oil, which
resulted in a better effect on S.aureus than E.coli (Maulidya et
al., 2020). The bacteriostatic activity of each essential oil and
perfume is generally better able to inhibit the growth of Gram-
positive bacteria (Tan et al., 2015).

Gram-positive bacteria have a simpler cell wall composition so
that nothing prevents the entry of antibacterial substances and
antimicrobial compound molecules. The cell membrane of gram-
negative bacteria contains a high composition of
lipopolysaccharide (LPS) and generally produces mucus as a form
of self-defense from harmful chemical compounds. Hydrophilic
molecules will more easily pass through LPS than hydrophobic
ones (Nasution et al., 2019; Tan et al., 2015).

The results of our previous study showed differences in the value
of the phenol coefficient of the combination of infusions of
A.bilimbi fruit and C.odorata flowers; against S.aurues was found
to be higher than against Salmonella enterica serovar Typhi

Journal of Agromedicine and Medical Sciences. 2022. 8(3): 182-188

(Budiarti et al., 2021). In this study, it was proven that the
combination treatment of 100% A.bilimbi fruit infusion and
100% C.odorata flower resulted in a synergistic effect so that the
antibacterial power was equivalent to 70% alcohol. Based on
these two studies, it is possible that the combined extract of
A.bilimbi and C.odorata can be developed as an antiseptic
preparation. Furthermore, the effectiveness of the combined
preparation on bacterial biofilm formation and forganoleptic
tests can be analyzed.

Conclusion

The infusion of Averrhoa bilimbi L. fruit and Cananga odorata
flower in single and combination preparations had a significant
effect in inhibiting the test bacteria. The infusion of Averrhoa
bilimbi L fruit and Cananga odorata flower in the combined
dosage form had better antibacterial activity than the single
dosage form
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