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Introduction 

In the present days, multidrug-resistant microbial infections have become a major 

threat to patients who have taken several drugs for different infections. Misuse of 

antimicrobial drugs, illiteracy, and low production of newer antimicrobial drugs 

might spread multidrug-resistant strains in the population. The recent upsurge of 

antimicrobial drug resistance and its spread has posed a unique challenge to the 
global Infectious Diseases Control Programme (1-4). A total of 122 compounds 

were identified; 80% of these compounds were used for the same (or related) 

ethnomedical purposes (traditional medicine). Further, it was discovered that 
these compounds were derived from only 94 species of plants (5). Medicinal 

plants are rich in a wide variety of secondary metabolites, such as tannins, 

terpenoids, alkaloids, flavonoids, phenols, and quinones, which have been used 
worldwide in traditional medicine to treat several diseases and infections (6). 

Cinnamon (Cinnamomum zeylanicum) has been used in food preparations and in 
traditional medicine by the Egyptians and the Chinese since ancient times. 

Approximately 250 species of cinnamon genus have been identified globally. 

They are used as a flavoring agent and have some beneficial effects in medicinal, 
antimicrobial, and antioxidant applications. Cinnamon also acts as a natural food 

preservative. The medicinal applications of cinnamon include the treatment of 

diarrhea, flatulent dyspepsia, influenza, cough, bronchitis, angina, palpitations, 
controlling infections, and reducing blood sugar in diabetics. Cinnamon exhibits 

anti-inflammatory, antimycotic, insecticidal, and anticancer properties (7). 

Phytochemical components of photobiotics have been shown to exhibit high 
antibacterial action against Gram-positive and Gram-negative bacteria in both in 

vivo and in vitro environments. Chemical compounds are found in various parts 

of the cinnamon tree, where leaves contain 70-95% eugenol and 1-5% 
cinnamaldehyde, and the bark contains 5-10% eugenol and 65-80% 

cinnamaldehyde (8). A study showed that cinnamaldehyde exhibits its 

antimicrobial activity due to its lipophilicity of terpenoids and phenylpropanoids, 
which can penetrate the membrane, reach the inner part of the cell, and impair 

the bacterial enzyme system, which kills the micro-organism (9). The present 

study aimed to identify the antibacterial activity of cinnamon bark extract against 
human pathogenic bacterial isolates from clinical pus samples, which may help 

develop novel drugs to prevent multidrug-resistant emerging strains. 

 

Methods 

The present study was approved by the Institutional Ethics Committee (Ref. No. 

GVPIHCMT/IEC/20210204/02), and the study was carried out for 1 month in 

March 2023 at the Department of Microbiology, Gayatri Vidya Parishad Institute 
of Health Care and Medical Technology, Visakhapatnam, Andhra Pradesh, India. 

Six pathogenic bacterial isolates were randomly taken from the routine cultures 
obtained from patient pus samples of the Surgical Ward, and the antibacterial 

potential of cinnamaldehyde and eugenol of the cinnamon bark extract diluted in 

both methanol and ethanol (Cinnamomum zeylanicum) was checked by agar well 
diffusion, minimum inhibitory concentration (MIC), and minimum bactericidal 

concentration (MBC). 

Cinnamon extracts were prepared in accordance with the Ethiopian 
traditional way of processing these products for usage. Briefly, cinnamon barks 

(Figure 1a) were cleaned with deionized water and dried in the sunlight for 2 

days. The barks were further dried in an oven (at 40 °C) for 30 minutes and 
ground into fine powders (Figure 1b). Cinnamon extract was prepared by soaking 

10 g of the powder in 50 mL of absolute ethanol and methanol in a 250-mL 

Erlenmeyer flask. The flask was sealed with aluminum foil and placed on a 
shaker for 48 hr. at room temperature. Following the incubation, the extract was 

centrifuged at 3 500 RPM for 20 min and filtered through Whitman filter paper 

No. 1. The filtrate was dried at 40 °C in a dry oven until a semi-solid substance 
was obtained and was then further dried in a crucible at 45 °C. The extract was 

stored at -20 ºC until use. Methanol and ethanol extracts were dissolved in 

dimethyl sulfoxide (DMSO) to enhance permeability (1). 
 

 
A total of 6 pathogenic bacterial strains were used to screen the antimicrobial 

activity of the cinnamon extracts. Bacterial isolates were identified based on 

colony morphology, Gram stain, motility, and biochemical reactions using 
standard techniques (10). Six pathogenic bacterial isolates (Staphylococcus 

aureus, coagulase-negative Staphylococci, Escherichia coli, Klebsiella 

pneumoniae, Proteus mirabilis, and Pseudomonas aeruginosa) were isolated 
from patient pus samples received in the Microbiology Laboratory.  

Bacterial inocula were prepared by subculturing a loopful of each strain in 

nutrient agar plates at 37 °C for 24 hr. Colonies from the overnight growth were 

 

Figure 1 a. Cinnamon barks; b. Cinnamon powder 
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picked with a sterile loop and inoculated into the sterile test tubes with 3 mL of 

the nutrient broth. The turbidity of the bacterial suspension was adjusted to 0.5 

McFarland’s standard, giving a bacterial count of about 1 × 108 CFU/ mL (11). 
The antibacterial activity of the cinnamon extract was tested against 6 strains 

of pathogenic bacteria using the agar-well diffusion assay. Briefly, 100 μL of each 

bacterial suspension, equivalent to 0.5 McFarland’s standard, was evenly 
distributed on the Mueller-Hinton agar (MHA). Then, 50 μL of the extract was 

applied to the wells prepared using a sterile 4-mm glass well borer. Ciprofloxacin 

disc and dimethyl sulfoxide (DMSO) were included for the positive and negative 
controls, respectively. The plates were then incubated at 37 °C for 24 hr. After 

the incubation period, the antimicrobial activity of each sample was determined 

by measuring the diameter of the inhibition zone around the wells (11).  
The MIC was determined using the broth microdilution, as described 

previously (1,12). The cinnamon extracts were serially diluted to concentrations 

ranging from 3.125 mg/mL to 100 mg/mL. Then, 100 μL of test organisms, 5 × 
105 CFU, was added to duplicate wells of each dilution and incubated at 37 °C 

for 24 hr. The DMSO-treated wells and wells with no bacterium (media only) 

were included as controls. The lowest concentration at which the bacteria did not 
show visible growth was defined as the MIC of a test sample. The minimum 

bactericidal concentration (MBC) was determined by inoculating 100 μL of the 

culture medium from the wells with no visible growth in the MIC test and 
subculturing on a fresh MHA at 37 °C for 24 hr. The concentration at which no 

visible bacterial colonies were seen on MHA was considered the MBC of the test 

sample (13). 

 

Results 

In the present study, the highest inhibitory activity of ethanol and methanol 
extracts of cinnamon was shown by S. aureus (20.36 mm and 19.44 mm), 

followed by coagulase-negative Staphylococci (14.33 mm and 18.01 mm), E. coli 

(17.58 mm and 16.47 mm), P. aeruginosa (17.56 mm and 16.33 mm), and K. 
pneumoniae (15.32 mm and 14.59 mm). The lowest inhibitory effect was shown 

by P. mirabilis (13.67 mm and 12.59 mm) by the agar dilution method (Figure 

2). In the present study, the highest zone of inhibition for ciprofloxacin disc (5 
µg) was 21.33 mm, which was used as the positive control. There is no zone of 

inhibition for DMSO, which was used as the negative control. The ethanol extract 

of cinnamon MIC and MBC against the test isolate ranged from 6.25 mg/mL to 
12.5 mg/mL and from 12.5 mg/mL to 50 mg/mL. The methanol extract of 

cinnamon MIC showed a value of 12.5 mg/mL, and the methanol extract of MBC 

ranged from 12.5 mg/mL to 50 mg/mL against all clinical isolates of the present 
study (Table 1). 

 

 

Discussion 

In the present study, ethanol and methanol extracts of cinnamon bark powder 

showed antibacterial activity against 6 bacterial isolates obtained from clinical 
pus samples. The highest zone of inhibition was seen with S. aureus (20.36 mm 

and 19.44mm) with both the methanol and ethanol extracts of cinnamon and also 

approximate to the ciprofloxacin disc zone of inhibition (21.33 mm), which was 
comparable with Hassan A. Hussein et al. (14) and Asha, S et al. (15). Nishteman 

F. Mohammad (16) reported that S. aureus confers resistance to all concentrations 

of cinnamon extract. On observation, the highest zone of inhibition with ethanol 
extract showed action on more bacteria than the methanol extract, which was 

comparable to Sriushaswini et al. (17) and Asha S et al. (15). In the present study, 

the MIC and MBC of S. aureus and coagulase-negative Staphylococcus showed 
the lowest concentration for both ethanol (6.25 mg/mL and 12.5 mg/mL) and 

methanol (12.5 mg/mL and 25 mg/mL) extract of cinnamon when compared to 

other MIC and MBC of bacterial isolates (Table 1), whereas Deressa T et al. (1) 
reported that MIC and MBC of cinnamon ethanol and methanol extract for S. 

aureus showed 12.5 and 25 mg/mL and 6.25 and 25 mg/mL; MIC and MBC of 

cinnamon ethanol and methanol extracts for coagulase-negative Staphylococcus 
showed 50 mg/mL and 25 mg/mL and 50mg/mL, respectively. In clinical 

reports, it was found to be very safe and useful in allergic conditions (18). Since 

ancient times, a variety of plants and their components have been in use for their 
medicinal properties (19). Some of these have also been identified for their 

antibacterial activity against resistant pathogens (20,21). Emerging resistance of 

microorganisms to conventional chemicals and drugs has prompted scientists to 
search for novel sources of biocides with broad-spectrum activities (22,23). 

 

Conclusion 

In the present study, the S. aureus isolate showed the highest inhibition of growth 
in both ethanol and methanol extracts of cinnamon bark. The ethanol solvent of 

cinnamon bark extract showed better antimicrobial potential than the methanol 

solvent. We are further conducting in vitro studies, which are necessary to know 
the antimicrobial activity of different organisms other than what we included in 

the present study. 
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Table 1. Antibacterial activity of cinnamon bark extract by MIC and MBC 

Bacteria  Cinnamon extract 

Staphylococcus aureus 

 MIC MBC 

E 6.25 12.5 

M 12.5 25 

Coagulase-negative Staphylococci 
E 6.25 12.5 

M 12.5 25 

Escherichia coli 
E 12.5 25 

M 12.5 25 

Klebsiella pneumoniae 
E 12.5 25 

M 12.5 25 

Proteus mirabilis 
E 12.5 25 

M 12.5 50 

Pseudomonas aeruginosa 
E 12.5 25 

M 12.5 50 

Ethanol (E) and Methanol (M) cinnamon extract dilution made in physiological saline. 

Values are in mg/mL. MIC: Minimum Inhibitory Concentration; MBC: Minimum 

Bactericidal Concentration 
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