-
7~ .\% INTERNATIONAL JOURNAL OF SOCIAL HEALTH
| ¥ https://ijsh.ph/index.php/rp

ww/ Volume 4 Number 2 February 2025 E-1SSN: 2963-3036

Effect of Cinnamon Leaf Extract (Cinnamomum Burmannii) on Inhibiting Biofilm
Formation in Klebsiella Pneumoniae in Vitro

Christine Ayu Maharani**, Noorhamdani AS?, Nadia Artha Dewi?®
Universitas Brawijaya, Indonesia?®
Email: christinemhrni@gmail.com, noorhamdanias@yahoo.com, nadophthalmic@yahoo.com

KEYWORDS ABSTRACT
biofilm, cinnamon leaves extract, Klebsiella pneumoniae is an opportunistic pathogenic bacterium that can
cinnamomum burmannii, cause various nosocomial infections such as pneumonia, bacteremia, and
klebsiella pneumoniae urinary tract infections. These bacteria can form biofilms, which facilitate

resistance to antibiotics. Cinnamon (Cinnamomum burmannii) is a native
Indonesian spice that contains antibiofilm compounds such as flavonoids,
tannins, and saponins. This study aimed to prove the effectiveness of
Cinnamon leaves ethanol extract in inhibiting biofilm formation in
Klebsiella pneumoniae in vitro. The method used was the tube method.
The results from this method were documented and quantified as Mean
Gray Value (MGV) using Adobe Photoshop CS6. The results showed that
MGV increased with higher concentrations of Cinnamon leaves extract,
indicating inhibition of biofilm formation in Klebsiella pneumoniae. The
Minimum Biofilm Inhibitory Concentration (MBIC) was determined to be
37.5%. A one-way ANOVA test revealed a significant difference between
the mean values of each group (p=0.000), and the Pearson correlation test
showed a very strong and significant correlation (r=0.841; p=0.000). This
study concludes that Cinnamon leaves ethanol extract can inhibit biofilm
formation in Klebsiella pneumoniae in vitro. The implications of this
research suggest that Cinnamon leaves ethanol extract could be explored
as a potential natural alternative to conventional antibiotics in managing
biofilm-related infections, particularly those caused by multidrug-resistant
Klebsiella pneumoniae. Further studies are needed to evaluate the efficacy
of this extract in vivo and its potential for clinical application.
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INTRODUCTION

Biofilm formation is a critical survival strategy for microorganisms, creating a matrix of
Extracellular Polymeric Substances (EPS) that protect them from physical, chemical, and biological
threats (Paterson, 2017). This phenomenon enhances microbial resistance against the immune system
and antibiotics, allowing pathogenic bacteria to persist and cause chronic infections (Sharma et al.,
2023). Klebsiella pneumoniae, an opportunistic pathogen, is one of the major bacteria known to form
biofilms on both medical devices and human tissue, leading to severe nosocomial infections such as
pneumonia, bacteremia, and urinary tract infections, especially in immunocompromised patients (Al-
Abeadi et al., 2023). The increasing resistance of Klebsiella pneumoniae to antibiotics is particularly
concerning, as it contributes significantly to higher mortality rates (Holban et al., 2016). Therefore, it
is crucial to explore new, effective ways to prevent biofilm formation and combat the growing antibiotic
resistance crisis.

While much research has focused on the antibiofilm potential of essential oils, particularly
cinnamon bark, the bioactive properties of cinnamon leaves have not been widely explored (Liu et al.,
2021). This gap presents a unique opportunity for novel research. Some studies have suggested that
cinnamon leaf extracts contain bioactive compounds such as eugenol, flavonoids, and saponins, which
have antibacterial and potential antibiofilm properties. For instance, has demonstrated the antibacterial
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and anti-quorum sensing properties of cinnamon leaf extracts against various pathogens, including
Escherichia coli and Pseudomonas aeruginosa. However, the inhibitory effects of cinnamon leaf extract
on biofilm formation in Klebsiella pneumoniae remain underexplored.

This research is timely and critical as it aims to fill this gap by investigating the effect of
cinnamon leaf extract (Cinnamomum burmannii) on inhibiting biofilm formation in Klebsiella
pneumoniae. The novelty of this study lies in its focus on cinnamon leaf extract, an underutilized natural
resource, which could provide a new, alternative strategy for managing Klebsiella pneumoniae
infections. With the increasing challenges posed by antibiotic resistance, finding non-antibiotic
solutions is more urgent than ever. Moreover, the active compounds in cinnamon leaves, such as
flavonoids, tannins, and saponins, have shown potential antibiofilm activity, making them a promising
source for future therapeutic agents (Shariati et al., 2022).

By advancing our understanding of the bioactive compounds in cinnamon leaves, this study could
contribute valuable insights into alternative treatments for preventing Klebsiella pneumoniae infections,
reducing reliance on antibiotics, and addressing the global health crisis of antimicrobial resistance. The
formulation of the problem in this study is whether cinnamon leaf extract (Cinnamomum burmannii)
has the effect of inhibiting biofilm formation in Klebsiella pneumoniae in vitro. The primary goal is to
provide experimental evidence supporting the use of cinnamon leaf extract as an effective biofilm
inhibitor. This research not only adds theoretical knowledge about the therapeutic potential of cinnamon
leaf extract but also contributes to the development of alternative, sustainable treatments for combating
biofilm-related infections (Ali et al., 2023).

METHOD

In this study, the research design used was a true experimental design. This study aimed to
determine the effect of cinnamon leaf extract (Cinnamomum burmannii) on inhibiting biofilm formation
in Klebsiella pneumoniae bacteria. The data collection technique employed was the tube method to
assess biofilm formation. The research was conducted from July to August 2020 at the Microbiology
Laboratory of the Faculty of Medicine, Brawijaya University Malang. The preparation of cinnamon
(Cinnamomum burmannii) leaf extract was carried out at the Chemical Engineering Laboratory of
Malang State Polytechnic. The population in this study consisted of Klebsiella pneumoniae bacteria,
and the samples used were biofilm-forming Klebsiella pneumoniae bacteria obtained from the
Microbiology Laboratory of the Faculty of Medicine, Brawijaya University Malang.

RESULT AND DISCUSSION
Cinnamon Leaf Extraction Results

The extract used in this study was made from 100 grams of cinnamon leaves (Cinnamomum
burmannii). Cinnamon leaves were washed first until clean then dried. The drying process uses an oven
at 80°C for 2 days. After the drying process, the process continued by blending the cinnamon leaves to
make a powder preparation. After that, enter the extraction process, namely by soaking the cinnamon
leaf powder with 96% ethanol. After the extraction process is complete, the remaining solvent in the
cinnamon leaf extract is removed by oven at a temperature of 70°-80°C until a constant weight of the
extract is obtained.
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Figure 1: Cinnamon Leaf Ethanol Extract Results
Description: The arrow indicates the 96% ethanol extract of cinnamon leaves is blackish green in
color.
Bacterial Identification Results
The Kilebsiella pneumoniae bacterial identification test uses Gram staining, planting on
MacConkey agar media, and VITEK test. In Gram staining, a red rod-shaped bacterial colony was
obtained, indicating that Klebsiella pneumoniae is a Gram-negative bacterium as shown in Figure 2.

/

Figure 2. Gram Staining Results of Klebsiella pneumoniae Bacteria
Description: The arrow shows that Gram staining with a total magnification of 1000x obtained red
rod-shaped bacteria which indicates that Klebsiella pneumoniae is a Gram negative bacteria.

Further bacterial identification test using MacConkey agar media. On MacConkey agar media,
Klebsiella pneumoniae produces pink bacterial colonies indicating that Klebsiella pneumoniae can
ferment lactose as shown in Figure 3.
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Identification Results on MacConkey Agar Media
Description: The arrow shows that on MacConkey agar media, pink bacterial colonies were obtained,
indicating that Klebsiella pneumoniae can ferment lactose.

Bacterial identification tests were also carried out using the VITEK method. The VITEK method
was carried out for further confirmation and obtained a probability result of 99% Klebsiella pneumoniae
as shown in Figure 4. These results indicate that the culture bacteria used in this study are Klebsiella
pneumoniae bacteria.
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Figure 4. VITEK results on Klebsiella pneumoniae bacteria
Description: The arrow indicates a 99% probability of the bacteria being Klebsiella pneumoniae.
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Biofilm Formation Inhibition Test Results

Before the core research is carried out, preliminary research needs to be carried out with the aim
of getting the right concentration to be studied. The concentrations used in preliminary research include
0%; 3.125%; 6.25%; 12.5%; 25%; 50%; and 100%. Based on the results of the preliminary research, it
was determined that the concentrations to be used in the core research included 0%:; 7.5%; 15%; 22.5%;
30%; 37.5%; and 100%. The treatment with 0% extract concentration is a negative control group
without the administration of cinnamon leaf extract, while the treatment with 100% extract
concentration is a positive control group. In the core research, there will be a repetition of 4 times at
each concentration.

4;’*;5;1 Wlier, 0412

0% (Negative Control) 22,5%

30% 37,5% 100% (Positive
Control)

Figure 5: Core Research Results
Description: At each increase in the concentration of cinnamon leaf extract, the biofilm ring was
found to be thinner, which means that bacterial growth and biofilm formation by Klebsiella
pneumoniae were inhibited.

In this study, the extraction process of cinnamon leaves produces a crude extract which can cause
extract particles to stick to the tube wall so that when staining with 0.1% crystal violet will leave residual
purplish spots on the tube wall. Observation of the core research results was carried out on the intensity
of the ring-shaped bluish purple color on the tube wall which indicated the formation of biofilm. The
Mean Gray Value was then compared with the Mean Gray Value of the treated tubes as shown in Table
1. and converted into a graph in Figure 6.
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Table 1. Mean Gray Value Measurement Results
Cinnamon Leaf Extract Repetition Mean + SD
Concentration

| 1 11| v

0% 89,01 86,23 82,95 90,46 87,16 + 3,31
7,5% 92,59 92,97 95,82 99,4 95,2+ 3,15
15% 115,57 110,17 102,03 104,58 108,09 + 6,04
22,5% 129,45 125,22 122,11 121,56 124,59 + 3,62
30% 131,75 137,39 130,05 133,11 133,08 £ 3,14
37,5% 148,26 147,38 145,37 145,21 146,56 + 1,51
100% 153,71 159,26 158,02 150,48 155,37 £ 4,03

Mean Gray Value 160,12
Empty Tube

Description: The Mean Gray Value measurement is used to quantitatively measure the intensity of the
color density of the biofilm ring formed. The higher the Mean Gray Value value, the thinner the
biofilm ring formed. Minimum Biofilm Inhibition Level (KHBM) can be known by the Mean Gray
Value value which is 10% different from the Mean Gray Value value of the empty tube which is
above 144.108. KHBM was obtained at a concentration of 37.5%.
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Figure 6. Graph of Mean Gray Value Measurement
Description: The Mean Gray Value measurement graph shows that the greater the concentration of the
extract, the greater the Mean Gray Value obtained. This indicates that the greater the extract
concentration, the thinner the biofilm ring formed and the more biofilm formation is inhibited.

This study is an experimental study to determine the effect of cinnamon leaf extract
(Cinnamomum burmannii) in inhibiting biofilm formation in Klebsiella pneumoniae bacteria in vitro.
In this studythe independent variable is the concentration of cinnamon leaf extract and the dependent
variable is biofilm formation by Klebsiella pneumoniae which is carried out by the tube method (Abu
El-Wafa et al., 2020). The bacteria used in this study were Klebsiella pneumoniae bacteria obtained
from the Microbiology Laboratory of the Faculty of Medicine, Universitas Brawijaya and grown on
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Nutrient Agar Plate media. Cinnamon leaves (Cinnamomum burmannii) used were obtained from
Materia Medica Batu in the form of dry powder. Cinnamon leaf powder was then extracted using 96%
ethanol solvent at the Chemical Engineering Laboratory of Malang State Polytechnic. The method used
for making cinnamon leaf extract is the maceration method. The advantages of this method are simpler
procedures and equipment and more economical to obtain cinnamon leaf extract.

Based on research by Slobodnikova et al. (2016), flavonoid content can inhibit biofilm formation.
Phytochemical test results of cinnamon leaf extract showed flavonoid content of 8.64% (Susanti et al.,
2021). The antibiofilm ability played by flavonoids works by reducing bacterial attachment and
inhibiting bacterial protein synthesis (Shariati et al., 2024; Tocci et al., 2018). Another mechanism is
by inhibiting intercellular adhesion. If intercellular adhesion is inhibited, biofilm formation will be
disrupted (Cui et al., 2020). Other research conducted by Trentin et al. (2024), regarding tannin content
which has a role as an antibiofilm. The results of the phytochemical test of cinnamon leaf extract showed
a tannin content of 4.69% (Susanti et al., 2021). The antibiofilm mechanism by tannins is by inhibiting
bacterial attachment and EPS matrix formation (Silva et al., 2024), inhibiting biofilm formation by
reducing the hydrophobic nature of bacteria which is an important factor in the attachment of bacterial
cells to the medium (Shariati et al., 2024; Shineh et al., 2023) and inhibiting the quorum sensing
mechanism so that fewer colonies form on biofilms (Asfour, 2018). Another study conducted by
Santiago et al. (2015), regarding the role of saponins as antibiofilms by preventing the attachment of
bacteria to the surface of the object. The results of the phytochemical test of cinnamon leaf extract
showed a saponin content of 2.19% (Susanti et al., 2021). Based on this theoretical basis, the content in
cinnamon leaf extract can inhibit the formation of bacterial biofilms.

The preliminary study was conducted to determine a tighter concentration that would be used in
the core study. In preliminary research, it was found that at a concentration of 12.5% the biofilm ring
had begun to be inhibited. The core research was then carried out using 7 extract concentrations, namely
0% (negative control); 7.5%; 15%; 22.5%; 30%; 37.5%; and 100% (positive control). The core study
used the tube method with four repetitions according to Federer's formula.

The core research results were then documented using a cellphone camera with a resolution of
12 megapixels and processed into quantitative data. Quantitative data observation by looking at the
intensity of the bluish purple ring color in each tube with Mean Gray Value in Adobe Photoshop CS6
application. The results showed an increase in the average Mean Gray Value which was directly
proportional to the increase in the concentration of cinnamon leaf extract. Minimum Biofilm Inhibition
Level (MWI) was obtained at a concentration of 37.5%. The results of this study prove that cinnamon
leaf extract (Cinnamomum burmannii) can inhibit the formation of Klebsiella pneumoniae bacterial
biofilm in vitro.

There are several other studies that support the results of this study. Which examines the effect
of green tea extract (Camellia sinensis var. assamica) on the formation of Klebsiella pneumoniae
biofilm with the tube method, it was found that green tea leaf extract has the effect of inhibiting the
formation of Klebsiella pneumoniae biofilm at a Mean Gray Value of 144.61 which is at 20% KHBM.
Another study conducted by Henry (2025), which examined the ethanol extract of basil leaves (Ocimum
sanctum) can inhibit the growth of Klebsiella pneumoniae with the agar dilution method at a Minimum
Inhibitory Level of 14%. In this study, cinnamon leaf extract (Cinnamomum burmannii) can inhibit the
formation of Klebsiella pneumoniae biofilm at a Mean Gray Value of 146.56 which is at 37.5% KHBM.
The difference in Minimum Inhibitory Levels in each plant extract can be caused by the antibiofilm
content such as flavonoids, tannins, and saponins contained more than in cinnamon leaves. In addition,
the difference in Minimum Inhibitory Level can also be caused by differences in the research methods

International Journal of Social Health - Vol 4 (2) February 2025 - (72-81) 78



Christine Ayu Maharani, Noorhamdani AS, Nadia Artha Dewi
Effect of Cinnamon Leaf Extract (Cinnamomum Burmannii) on Inhibiting Biofilm Formation in Klebsiella
Pneumoniae in Vitro

used. In this study using the tube method, while research conducted by Henry (2025) used the agar
dilution method.

Regarding anti-quorum sensing activity in cinnamon leaf extract (Cinnamomum burmannii)
against Pseudomonas aeuroginosa by KLT (Thin Layer Chromatography) method - bioautography. In
the study, the Minimum Inhibitory Level (KHM) of 8 micrograms/milliliter was obtained. The
differences in this study can be caused by the methods and bacteria used. Another study conducted by
Keerthana (2025), regarding the potential of ethanol extract of cinnamon (Cinnamomum verum) as an
antibiofilm on Burkholderia pseudomallei with tube method. In this study, the Mean Gray Value was
obtained at 131.40 at 50% KHBM. In this study, cinnamon leaf extract (Cinnamomum burmannii) can
inhibit the formation of Klebsiella pneumoniae biofilm at a Mean Gray Value of 146.56 which is at
37.5% KHBM. This can be caused by differences in bacteria and types of cinnamon used in research.
In this study using the type of Cinnamomum burmannii, while used Cinnamomum verum. Showed that
cinnamon extract also has an effect in inhibiting biofilm formation on Gram-negative bacteria other
than Klebsiella pneumoniae bacteria.

According to research conducted by Mubarak et al. (2022), regarding the antibacterial activity of
cinnamon extract (Cinnamomum burmannii) against the growth of Enterococcus faecalis by dilution
method. In this study, it was found that the Minimum Inhibitory Level (KHM) was at a concentration
of 1.5%. The difference in the minimum concentration in the study compared to the minimum
concentration in this study can be due to differences in bacteria, methods, and parts of cinnamon used.
In this study using cinnamon leaf extract, while the study used cinnamon bark extract. Research
conducted by Mubarak et al. (2022), showed that cinnamon extract also has an effect in inhibiting the
growth of Gram-positive bacteria.

Further research conducted by Harmoko (2025), regarding the antifungal potential of cinnamon
extract (Cinnamomum burmannii) against the growth of Candida albicans with the pitting method. In
the study, it was found that cinnamon extract showed a zone of inhibition against the growth of Candida
albicans starting at a concentration of 10%. The study shows that cinnamon extract also has an effect in
inhibiting fungal growth. The difference in minimum concentration from that obtained in this study can
be caused by differences in microorganisms and methods used. The advantages of this study are that
there have not been many previous studies that utilize cinnamon as a bacterial antibiofilm and in this
study utilizing the antibiofilm content only in the leaves of cinnamon. The limitation of this study is
that observations were only made after the incubation period was complete, not all the time. Therefore,
researchers could not observe the biofilm formation process directly in detail. Another limitation is the
extraction process that produces crude extract so that it does not specifically produce one type of active
substance. This leads to not knowing which antibiofilm content is most influential in inhibiting biofilms.
In addition, the crude extract can cause extract particles to stick to the tube wall so that during the
staining process with 0.1% crystal violet will make the attached extract particles colored and produce
purplish spots on the tube wall. Another limitation is the unknown effect of the length of storage of the
extract on the content and effectiveness of active substances in cinnamon leaf extract in inhibiting
biofilm (VI¢ko et al., 2022).

CONCLUSION

Based on the research objectives, it can be concluded that cinnamon leaf extract (Cinnamomum
burmannii) effectively inhibits the formation of Klebsiella pneumoniae bacterial biofilm in vitro, with
inhibition increasing as the concentration of the extract rises. The Minimum Biofilm Inhibition Level
(KHBM) observed in this study was at a concentration of 37.5%. Future research could further explore
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the underlying mechanisms of biofilm inhibition by cinnamon leaf extract and assess its potential in
clinical applications.
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