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	 The consumption of food contaminated with bacteria or their toxins can result in 
foodborne infections or illnesses. This study investigated the antibacterial and antibiofilm 
activity of essential oils against bacteria isolated from milk samples collected in Pune, 
Maharashtra, India. Twenty-five raw milk samples were collected from local vendors and 
examined for the presence of biofilm-forming microorganisms. The isolated bacteria were 
identified and characterized using morphological and biochemical tests, revealing that 20% of 
the samples were contaminated with Acinetobacter spp. and 28% with E. coli. The antibacterial 
activity of the essential oils was evaluated using the disc diffusion method, and the minimum 
inhibitory concentration (MIC) was determined using 96-well plates. The minimum bactericidal 
concentration (MBC) was also assessed by inoculating assay mixtures from wells exhibiting 
no microbial growth onto sterile nutrient agar medium. Biofilm formation and disruption 
were evaluated using crystal violet assay and biofilm disruption assay, respectively. The 
results demonstrated that the Cinnamon Bark and Oregano essential oils exhibited significant 
antibacterial and antibiofilm activity at the lowest MIC value of 0.02-0.04 µg/ml against the 
isolated bacteria. The findings suggest that essential oils could be potential natural alternatives 
to conventional antibiotics for controlling bacterial contamination and biofilm formation in milk 
and dairy products. Further research is needed to explore the practical applications of essential 
oils in the dairy industry and to ensure their safety and efficacy as natural antimicrobial agents.
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	 Although milk is a key component 
of human nutrition, it may also act as a haven 
for several foodborne diseases1. These bacteria 
pose a serious risk to public health because they 
can contaminate milk at various points during 
production, processing, and storage. Foodborne 
infections are a major global health hazard that arise 

from eating food infected with microorganisms 
or their toxins2. Every year, millions of people 
worldwide contract these diseases, highlighting the 
urgent need for improved food safety protocols. As 
a result, the food sector has prioritized maintaining 
food safety a top priority3.
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	 Essential oils (EOs) are a class of 
secondary metabolites that are extracted from 
aromatic and therapeutic plants. These complex 
and volatile chemicals are widely used in many 
industries, such as fragrances, cosmetics, and even 
food applications4. However, the potential of EOs 
extends beyond their well-known applications. 
Their varied chemical makeup, which is affected by 
extraction methods, plant genetics, and geographic 
origin, provides novel possibilities for their use in 
food safety. Foodborne diseases and a wide range 
of other bacteria can be efficiently inhibited from 
growing by EOs, as demonstrated by numerous 
studies5.
	 The purpose of this study was to examine 
EOs’ potential of EOs as a natural substitute 
for bacterial contamination control in milk. We 
investigated their efficacy against bacteria isolated 
from raw milk samples obtained from local vendors 
in Pune, Maharashtra, India, with a focus on their 
antimicrobial and antibiofilm qualities6. The 
objective of this study was to enhance food safety 
and reduce the hazards associated with bacterial 
contamination of milk by assessing the antibacterial 
and antibiofilm properties of essential oils against 
milk-borne bacteria7. Antibiotics were once used 
to treat bacterial contamination in milk. Antibiotic-
resistant bacteria have emerged because of the 
overuse of antibiotics, raising concerns regarding 
their efficacy and possible health problems related 
to antibiotic residues in milk8.
	 The transmission of microorganisms 
resistant to drugs (MDR) is a serious hazard to 
both human and animal health. The increasing 
occurrence of multidrug-resistant bacteria in the 
food chain, especially in the dairy industry, indicates 
the need for alternative antimicrobial medications. 
Because of their antibacterial properties, essential 
oils (EOs) have attracted considerable attention9. 
This study investigates the antibacterial and 
antibiofilm activity of ten essential oils (EOs): 
Cajeput (EO1), Aniseed (EO2), Cedarwood (EO3), 
Eucalyptus (EO4), Tea tree (EO5), Cinnamon 
Bark (EO6), Bergamot (EO7), Citriadore (EO8), 
Palmorosa (EO9), and Oregano (EO10) against 
isolated bacteria Escherichia coli and Acinetobacter 
spp. obtained from milk samples. The results of 
this study could help in the development of novel 
strategies to prevent bacterial contamination and 

growth of biofilms in milk, thereby protecting the 
quality and safety of food.

Materials and Methods

Milk Sampling
	 We collected 25 raw milk samples were 
collected from local vendors (Pune, Maharashtra, 
India). The samples were collected in sterile snap 
cap milk collection vials, placed in ice-cooled 
containers, and processed within 24 h of collection.
Isolation, Identification and Characterization 
of Bacteria from Milk sample10

	 Twenty-five distinct milk samples were 
collected from local vendors in Pune. The milk 
samples were then serially diluted. Nutrient agar 
plates from tubes 10-6, 10"7, and 10-8 dilution were 
spread out and then incubated for 24 hours at 37º 
C. The suspected colonies were subsequently 
subcultured on MacConkey agar and purified for 
24–48 h at 37 °C. Suspected isolates underwent 
staining, morphological characterization, and 
various biochemical tests, including glucose 
fermentation and assays for catalase, oxidase, 
citrate, and nitrate reduction.
Antimicrobial Activities of essential oils against 
Isolated bacteria11

	 The antibacterial activity of the essential 
oils was evaluated against isolated bacteria using 
the Muller Hinton Agar (MHA) medium and disc 
diffusion method. Sterile Muller Hinton agar plates 
were equally covered with 0.1 ml of bacterial 
culture. Each MH agar plate contained 20 µL 
of essential oil placed at the center. Ampicillin 
antibiotic was used to prepare the Positive Control. 
A disc-containing solvent was used as the negative 
control, and it was placed directly on a Muller 
Hinton agar plate containing the test organisms. 
The plates were incubated for twenty-four hours at 
37 °C. The antimicrobial inhibitory zones formed 
around the discs were measured in millimeters 
(mm). Each test was repeated thrice. Antibiotic 
discs were used as positive controls, while disc 
without oil and disc with DMSO solvent (dimethyl 
sulfoxide) were used as negative controls.
Minimum inhibitory concentration13

	 Using 96-well plates, the Minimum 
Inhibitory Concentration (MIC) was determined. In 
an additional assay, which consisted of 100 µL of 
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Table 1. Morphological Characteristics of Isolated Organisms A and B

Morphological characteristics	 Organism A	 Organism B

 Size	 2-3 mm	 1-2 mm
Shape	 Circular	 Oval
Colour	 Greyish White	 Creamy white
Opacity	 Opaque	 Opaque
Surface	 Rough	 Smooth
Margin	 Entire	 Entire
Elevation	 Convex	 Convex
Gram character	 Gram negative(rods)	 Gram negative (coccobacillus)
Motility	 Motile	 Non motile

Table 2. Biochemical tests for Isolated 
Organisms A and B

Biochemical Test	 Organism A	 Organism B

Sugar tests 		
Maltose	 +	 -
Glucose	 +	 -
Mannitol	 +	 -
Sucrose	 +	 -
Lactose	 +	 -
Xylose	 +	 -
IMViC test:		
Indole	 +	 -
Methyl red	 +	 -
Voges Proskauer	 -	 +
Citrate utilization	 -	 +
Oxidase	 -	 +
Catalase	 +	 +
H2S	 -	 -
Gelatin hydrolysis	 -	 -
Nitrate Reduction	 +	 -
OF (Oxidative-Fermentative	 +	 _

+ (Positive), -(Negative)		

freshly prepared MHB, 20 µL of diluted bacterial 
culture (containing 108 CFU/mL of bacteria) and 
80 µL of EO concentrations ranging from 25 to 
0.02 µg/mL were applied to an mtp plate. Direct 
two-fold dilutions of each essential oil were 
prepared by using an organosulfur solvent DMSO 
(Dimethylsulfoxide). For 24 hours, the plate was 
incubated at 37ºC. We observed the plates. Using 
a Citation 5 reader, the OD was measured at 630 
nm and compared with that of the control wells. 
For each oil, the MIC was determined at the 
lowest dilution that did not exhibit visible growth. 
The growth control (negative control) consisted 

of growing the microorganisms in 100 µL MHB 
culture medium with 100 µL DMSO 2.5% Tween 
20 was put into 12th well. MIC was defined as the 
lowest concentration of EO at which no visible 
growth (no white pellet) of the pathogen was 
observed compared with the control. Gentamicin, 
the positive control, consisted of growing the 
microorganisms in 100 µL MHB culture medium 
with 100 µL antibiotic concentrations ranging same 
as EO.
Minimum Bactericidal concentration14

	 The minimum bactericidal concentration 
(MBC) was determined by inoculating the assay 

mixtures from wells that exhibited no microbial 
growth on the surface of sterile nutrient agar 
medium. After incubation for 24 hours at 37º C. 
If there was microbial growth on the medium, 
it meant that the essential oil had bacteriostatic 
activity; if there was no growth, it meant that the 
essential oil sample had bactericidal activity.
Crystal violet assay15

	 A culture of organisms that developed 
overnight was inoculated  into fresh MHB. Each 
sample was pleased with the culture, which was 
then incubated for 24 hours at 37ºC. Following 
incubation, cells were washed with PBS and 
distilled water. The wells were filled with sterile 
MHB and essential oils and cultured for 24 hours 
at 37º C. Following incubation, the contents   were 
washed with distilled water and allowed to dry 
at room temperature. To stain the biofilms, 0.1% 
crystal violet was added to each well and incubated 
for 15 min. The CV solution was discarded and the 
cells were rinsed three times with D/W and PBS. 
Ethanol (200 µL) was used to solubilize air-dried 
biofilms. After visual examination, the plates were 
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Fig. 1. Antibacterial Activity of Essential Oils against E. coli and Acinetobacter spp. along with positive 
(Ampicillin Antibiotic) and negative control DMSO (Dimethylsulfoxide)

compared with controls. OD was measured using 
a Citation 5 reader at a wavelength of 630 nm.
Biofilm Disruption Assay16

	 In the same way as the inhibition assay, 
plates were prepared, but test samples were not 
added, and they were incubated for 72 hours to 
find out how essential oils affected the biofilms that 
had developed throughout that time. Test samples 
(100 ìg/ml) were added to the wells after the cells 
were cleaned. After another 24 h of incubation, the 
biofilms in 24-well plates were measured.
Statistical analysis 
	 ll values were expressed as the mean ± 
standard error of the mean. p < 0.05 was considered 
statistically significant.

Result and Discussion

Isolation, Identification and Characterization 
of Biofilm forming Microorganisms from Milk 
sample17

	 In a study conducted in Pune, Maharashtra, 
India, 25 milk samples collected from local vendors 

were examined for the presence of biofilm-
forming microorganisms. Recorded results 20% 
of the examined street vendors’ raw milk samples 
were contaminated with Acinetobacter spp. and 
28% with E. coli. These microorganisms were 
identified and characterized using a combination of 
morphological and biochemical tests (Table 1,2). 
	 Characterization of micro-organism was 
done by morphologically and various biochemical 
tests. This test gave us confirmatory results for 
identification of Microorganism. Thus given 
biochemical test followed by referring Bergey’s 
manual18 gave confirmation of species as E. coli 
and Acinetobacter spp.  (Tables1 and 2).
Antibacterial activity
	 The results obtained against the test 
organisms indicated that the EOs had varying 
degrees of antibacterial activity, as shown in 
Figures 1 and Graph 1. The results of this study 
indicate that certain EOs may have antibacterial 
properties against Acinetobacter spp. and E. coli 
isolates from milk samples. The most encouraging 
results were observed with cinnamon bark (EO6) 
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Table 3. Minimum Inhibitory Concentration (MIC) and Sub MIC of 10 Essential Oils: Cajeput 
(EO1), Aniseed (EO2), Cedarwood (EO3), Eucalyptus (EO4), Tea tree (EO5), Cinnamon Bark 

(EO6), Bergamot (EO7), Citriadore (EO8), Palmorosa (EO9), Oregano (EO10) against E. coli and 
Acinetobacter spp. 

Sr. No.	 EOs	                                 E. coli	  	                    Acinetobacter spp.
		  MIC (µg/mL)	 ½ MIC (µg/mL)	 MIC(µg/mL)	 ½ MIC(µg/mL)

1.	 EO 1	 6.25	 3.12	 3.12	 1.56
2.	 EO 2	 6.25	 3.12	 6.25	 3.12
3.	 EO 3	 6.25	 3.12	 12.5	 6.25
4.	 EO 4	 6.25	 3.12	 12.5	 6.25
5.	 EO 5	 0.78	 0.39	 0.78 	 0.39 
6.	 EO 6	  0.02	  0.01	  0.04	 0.02
7.	 EO 7	 6.25	 3.12	 25	 12.5
8.	 EO 8	 6.25	 3.12	 12.5	 6.25
9.	 EO 9	 6.25	 3.12	 12.5	 6.25
10.	 EO 10	 0.04	 0.02	 0.04	 0.02
11.	 Control	 4.00	 2.00	 2.00	 1.00

and oregano (EO10), where the zones of inhibition 
for both E. coli and Acinetobacter spp. ranged from 
22 mm to 27 mm.
	 The other essential oils, including 
Cajeput (EO1), Aniseed (EO2), Cedarwood (EO3), 
Eucalyptus (EO4), Tea tree (EO5), Cinnamon 
Bark (EO6), Bergamot (EO7), Citriadore (EO8), 
palmorosa (EO9), and oregano (EO10), exhibited 
little to no antibacterial activity against the test 
organisms in this study. Each well received 
the designated volume of oils, along with the 
placement of the gentamicin disc 5 ìg/disk, which 
acted as the positive control, negative control of 
dimethyl sulfoxide (DMSO), and blank discs. 
This was performed in triplicate, and the average 
diameter for each EO-bacteria combination was 
noted (Figure 1).
Minimum inhibitory concentration (MIC) and 
Minimum Bactericidal concentration (MBC)
	 The lowest concentration of essential oil 
that visibly prevents the bacterium from growing 
is known as the minimum inhibitory concentration 
(MIC). The results reported above revealed the 
potential of some essential oils, such as cinnamon 
bark and oregano, as natural preservatives to 
control food pathogenic and spoilage bacteria. 
The results showed variable effects of the 
essential oils and their components on the tested 
bacterial strains (Table 3). The oils of cinnamon 
bark and oregano  showed strong antimicrobial 
activities in inhibiting the growth of pathogenic 

and spoilage bacteria at MICs 0.02 and 0.04  ìg/
mL concentration. The essential oils of cinnamon 
bark and oregano  showed bactericidal effects at 
concentrations 0.02 and 0.04 ìg/mL. The positive 
control, gentamicin, has a MIC of 4 and 2 g/
ml for E. coli and Acinetobacter spp. Cinnamon 
and oregano essential oils showed significant 
bactericidal effects at their respective MICs, 
effectively preventing the growth of pathogenic 
bacteria 19,20. The combination of these oils with 
other agents, such as oxytetracycline, further 
reduced MIC values, enhancing their antimicrobial 
action against resistant strains 21.
	 A mixture of the culture medium and 
bacterial suspension was used as the growth 
control. After 24 h of incubation, to stain the 
bacteria, 1% 2,3,5-triphenyl tetrazolium chloride 
aqueous solution was added to each well (20 µL 
per well). The plates were incubated at 37 °C 
for 30 min, and the MIC values were visually 
determined as the minimal concentrations that did 
not produce a red color. Samples (100 ìL) from the 
MIC experiment wells with no color change were 
placed on MH agar plates and incubated for 18–24 
h at 37 °C. The minimum bactericidal concentration 
(MBC) was defined as the lowest concentration at 
which no bacterial growth was observed.
Crystal violet assay
	 The amount of biofilm produced by 
the bacteria was quantified by the crystal violet 
assay. Six of the ten essential oils—Cajeput, 
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Graph 1. Antibacterial Activity of Essential Oils Cajeput (EO1), Aniseed (EO2), Cedarwood (EO3), Eucalyptus 
((EO4), Tea tree (EO5), Cinnamon Bark (EO6), Bergamot (EO7), Citriadore (EO8), Palmorosa (EO9), Oregano 
(EO10) against E. coli and Acinetobacter spp. Error bars and asterisks indicate the SD and statistical significance 

(p<0.05), respectively

Graph 2. Inhibition % of biofilm formation of Bacteria: (A) E. coli (B) A. baumannii by Essential Oil: Cajeput 
(EO1), Eucalyptus (EO4), Tea tree (EO5), Cinnamon Bark (EO6), Palmorosa (EO9) and Oregano (EO 10). Error 

bars and asterisks indicate the SD and statistical significance (p<0.05), respectively

Eucalyptus, Tea Tree, Cinnamon Bark, Palmorosa, 
and Oregano—showed promising results from 
the disc disffusion assay and MIC. These oils 
were examined for antibiofilm efficacy using 
crystal violet and disruption assays. The essential 

oils of oregano and cinnamon bark exhibited a 
maximal inhibitory efficacy of greater than 85%. 
Gentamicin, the positive control, 4 and 2 µg/ml, 
had a maximal biofilm inhibitory efficacy of 90% 
and 88% at its MIC for E. coli and Acinetobacter 
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spp. For each treatment, an overall dose-dependent 
suppression of biofilm formation was observed. 
Graph 2 shows the positive control for each type of 
bacteria. Untreated bacterial cultures served as the 
positive control. Cinnamon Bark and Oregano both 
oils showed maximal inhibitory efficacy exceeding 
85% against biofilm formation, indicating their 
strong potential as natural antibiofilm agents22. 
Cajeput and Eucalyptus oils also demonstrated 
significant biofilm inhibition, supporting their use 
in combating bacterial infections23.
Biofilm Disruption Assay
	 The essential oils of oregano, cinnamon 
bark and tea tree exhibited a maximal inhibitory 
efficacy of greater than 50% for E. coli. Essential 
oils of oregano, cinnamon bark, tea tree and 
cajepot exhibited a maximal inhibitory efficacy of 
greater than 70% for A. baumannii.  Gentamicin, 
the positive control, 4 and 2 µg/ml, had a maximal 
biofilm inhibitory efficacy of 75% and 80% at its 
MIC for E. coli and Acinetobacter spp. For each 
treatment, there was an overall dose-dependent 
connection in the suppression of biofilm. The 
positive controls for each type of bacteria are 
shown in Graph 3. The positive control is an 
untreated bacterial culture. Oregano, cinnamon 

bark, and tea tree oils exhibited over 50% inhibition 
of E. coli biofilm formation24. For A. baumannii, 
oregano, cinnamon bark, tea tree, and cajepot 
oils achieved over 70% inhibition24. The essential 
oils’ effectiveness is attributed to their ability to 
disrupt biofilm formation and enhance antibiotic 
efficacy24,25. 

Conclusion

	 In this study, 10 essential oils (EOs) 
Oils Cajeput, Aniseed, Cedarwood, Eucalyptus, 
Tea tree, Cinnamon Bark, Bergamot, Citriadore, 
Palmorosa, and Oregano) were tested against 
isolates of Acinetobacter spp. and E. coli from 
milk samples to determine their antibacterial and 
antibiofilm properties. Consequently, the findings 
of this study suggest that the essential oils of 
Cinnamon Bark and Oregano exhibit antimicrobial 
and antibiofilm properties. Commercial essential 
oils from cinnamon and oregano have promising 
antimicrobial and antibiofilm effects against 
selected food-borne and food spoilage bacteria, 
which can be attributed to the presence of the 
principle bioactive constituents. These investigated 
essential oils and their main active components 

Graph 3. Biofilm Disruption Assay (%) of Essential Oil: Cajeput (EO1), Eucalyptus (EO4), Tea tree (EO5), 
Cinnamon Bark (EO6), Palmorosa (EO9) and Oregano (EO 10) against E. coli and Acinetobacter spp. Error bars 

and asterisks indicate the SD and statistical significance (p<0.05), respectively
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could be potential candidates for use as natural 
alternatives for further application in food 
preservation to retard or inhibit bacterial growth, 
for safety, and to extend the shelf life of food 
products. However, the antimicrobial efficiency 
and organoleptic impact of these essential oils on 
foodstuffs need to be evaluated. 

Acknowledgement

	 We wish to express our sincere thanks 
and gratitude to the principal of Dr. D. Y. Patil 
ACS College, Pimpri, Pune, for providing the 
necessary facilities to carry out this research. It is 
appropriate to express gratitude to the Dr. D. Y. Patil 
Biotechnology & Bioinformatics Institute, Dr. D. Y. 
Patil Vidyapeeth, Pimpri, Pune, Maharashtra, India 
for providing crucial administrative assistance. The 
authors are thankful to Ms. Deepali Akolkar for her 
assistance in statistical analysis.
Funding Sources
	 The author(s) received no financial 
support for the research, authorship, and/or 
publication of this article.
Conflict of Interest
	 The authors do not have any conflict of 
interest.
Data Availability Statement
	 This statement does not apply to this 
article.
Ethics Statement
	 This research did not involve human 
participants, animal subjects, or any material that 
requires ethical approval.
Informed Consent Statement
	 This study did not involve human 
participants, and therefore, informed consent was 
not required.
Clinical Trial Registration
	 This research does not involve any clinical 
trials.
Author Contributions
	 Sanch i t a  Choubey  :  t he  ma jo r 
contributor for designed the study and supervised 
the experiment; Sanchita Choubey, Varada 
Jamekar and Shreya Chaudhari : carried out the 
experimental work and manuscript writing; Jyoti 
Deshpande: reviewed the writing; All authors read 
and approved the final manuscript.

References

1.	 Dudeja P., Gupta R. K., & Minhas A. S. Food 
Safety in the 21st Century. Academic Press. 2016. 

2.	 Gomes T. A., Elias W. P., Scaletsky I. C., Guth 
B. E., Rodrigues J. F., Piazza R. M., Ferreira L. 
C., & Martinez M. B. Diarrheagenic Escherichia 
coli.  Brazilian Journal of Microbiology. 
2016;   47: 3–30.  https://doi.org/10.1016/j.
bjm.2016.10.015.

3.	 Jaffee S., Henson S., Unnevehr L., Grace 
D., & Cassou E. The Safe Food Imperative: 
Accelerating Progress in Low- and Middle-
Income Countries. In Washington, DC: World 
Bank eBooks. 2018.  https://doi.org/10.1596/978-
1-4648-1345-0.

4.	 Bava R., Castagna F., Palma E., Marrelli M., 
Conforti F., Musolino V., Carresi C., Lupia C., 
Ceniti C., Tilocca B., Roncada P., Britti D., 
& Musella V. Essential Oils for a Sustainable 
Control of Honeybee Varroosis. Veterinary 
Sciences. (2023); 10(5): 308. https://doi.
org/10.3390/vetsci10050308.

5.	 Brenes A., & Roura E. Essential oils in poultry 
nutrition: Main effects and modes of action. 
Animal Feed Science and Technology. 2010; 
158(1–2): 1–14. https://doi.org/10.1016/j.
anifeedsci.2010.03.007

6.	 Mishra P., Mishra R. R., & Adetunji C. O. 
Innovations in Food Technology. Springer 
Nature. 2020. 

7.	 Cappitelli F., Polo A., & Villa F. Biofilm 
Formation in Food Processing Environments is 
Still Poorly Understood and Controlled. Food 
Engineering Reviews. 2014; 6(1–2): 29–42. 
https://doi.org/10.1007/s12393-014-9077-8.

8.	 Schlundt J., Tay M. Y. F., Chengcheng H., & 
Liwei, C. Food Security: Microbiological and 
Chemical Risks. In Advanced sciences and 
technologies for security applications. 2020; 
pp. 231–274. https://doi.org/10.1007/978-3-030-
23491-1_11.

9.	 Nazzaro F., Fratianni F., De Martino L., Coppola 
R., & De Feo V. Effect of Essential Oils on 
Pathogenic Bacteria. Pharmaceuticals. 2013; 
6(12): 1451–1474. https://doi.org/10.3390/
ph6121451.

10.	 Taye Y., Degu T., Fesseha H., & Mathewos 
M. Isolation and Identification of Lactic Acid 
Bacteria from Cow Milk and Milk Products. The 
Scientific World Journal. 2021.  1–6. https://doi.
org/10.1155/2021/4697445

11.	 Badawy M. E., & Abdelgaleil S. A. Composition 
and antimicrobial activity of essential oils 
isolated from Egyptian plants against plant 



1591Choubey et al., Biosci., Biotech. Res. Asia,  Vol. 21(4), 1583-1591 (2024)

pathogenic bacteria and fungi. Industrial Crops 
and Products. 2014; 52: 776–782. https://doi.
org/10.1016/j.indcrop.2013.12.003

12.	 Botelho M., Nogueira N., Bastos G., Fonseca S., 
Lemos T., Matos F., Montenegro D., Heukelbach 
J., Rao V., & Brito G. Antimicrobial activity of 
the essential oil from Lippia sidoides, carvacrol 
and thymol against oral pathogens. Brazilian 
Journal of Medical and Biological Research. 
2007;  40(3): 349–356. https://doi.org/10.1590/
s0100-879x2007000300010.

13.	 Lambert R., Skandamis P., Coote P., & Nychas G. J. 
A study of the minimum inhibitory concentration 
and mode of action of oregano essential oil, 
thymol and carvacrol. Journal of Applied 
Microbiology. 2001;  91(3): 453–462. https://
doi.org/10.1046/j.1365-2672.2001.01428.x.

14.	 Parvekar P., Palaskar J., Metgud S., Maria 
R., & Dutta S. The minimum inhibitory 
concentration (MIC) and minimum bactericidal 
concentration (MBC) of silver nanoparticles 
against Staphylococcus aureus. Biomaterial 
Investigations in Dentistry. 2020; 7(1): 105–109. 
https://doi.org/10.1080/26415275.2020.1796674

15.	 Xu Z., Liang Y., Lin S., Chen D., Li B., Li L., 
& Deng Y. Crystal Violet and XTT Assays on 
Staphylococcus aureus Biofilm Quantification. 
Current Microbiology. 2016;  73(4): 474–482. 
https://doi.org/10.1007/s00284-016-1081-1.

16.	 Kannappan A., Gowrishankar S., Srinivasan R., 
Pandian S. K., & Ravi A. V. Antibiofilm activity 
of Vetiveria zizanioides root extract against 
methicillin-resistant Staphylococcus aureus. 
Microbial Pathogenesis. 2017;  110: 313–324. 
https://doi.org/10.1016/j.micpath.2017.07.016.

17.	 Choubey  S., Chapade N. S. V., & Garud N. 
S. A. Optimization of Pigment Production by 
Micrococcus and Arthrobacter species Isolated 
from Soil and Water. International Journal of 
Research in Pharmaceutical Sciences. 2021;  
12(3): 1902–1907. https://doi.org/10.26452/ijrps.
v12i3.4791.

18.	 Holt J. G., Krieg N. R., Sneath H. A., Staley J. T. 
Bergey’s Manual of Determinative Bacteri-ology. 
Williams and Wilkins U.S.A 9. 1994. 

19.	 Zheng XQ, Xu Y, Xing F, Gao CC, Wu D, 
Cheng WW, Meng LH, Wang ZJ, Xu T, Tang 

XH. Fabrication of cinnamon essential oil 
nanoemulsions with high antibacterial activities 
via microfluidization. Food Chem. 2024; 139969. 
doi: 10.1016/j.foodchem.2024.139969.

20.	 Iseppi R, Truzzi E, Sabia C, Messi P. Efficacy and 
Synergistic Potential of Cinnamon (Cinnamomum 
zeylanicum) and Clove (Syzygium aromaticum 
L. Merr. & Perry) Essential Oils to Control 
Food-Borne Pathogens in Fresh-Cut Fruits. 
Antibiotics. 2024; 13(4): 319. doi: 10.3390/
antibiotics13040319.

21.	 Huerta L, Galán-Relaño A, Barba-Sánchez E, 
Romero-Salmoral AL, Solarte Portilla L, Gómez-
Gascón RJ, Astorga Márquez M. Potentiation 
of the antimicrobial effect of oxytetracycline 
combined with cinnamon, clove, oregano, and 
red thyme essential oils against MDR Salmonella 
enterica strains. Animals. 2024; 14(9): 1347. doi: 
10.3390/ani14091347.

22.	 Somrani M, Huertas A, Iguaz H, Debbabi A, Palop 
JA. Biofilm busters: Exploring the antimicrobial 
and antibiofilm properties of essential oils against 
Salmonella Enteritidis. J Food Prot. 2024; 87(2): 
400-411. doi: 10.1177/10820132241227004.

23.	 Listyarifah D, Nur A, Syahbudin A. Comparison 
Effect of Leaves and Bark Extract of Eucalyptus 
(Melaleuca leucadendra), Sappan (Caesalpinia 
sappan), and Cinnamon (Cinnamomum 
zeylanicum) to Reduce Streptococcus mutans 
Biofilm Formation. Maj Ked Gigi Indones. 2023; 
53(2): 83-88. doi: 10.22146/majkedgiind.83283.

24.	 Sena G, De Rose E, Crudo G, Filippelli G, 
Passarino D, Bellizzi P, D’Aquila P. Essential 
Oils from Southern Italian Aromatic Plants 
Synergize with Antibiotics against Escherichia 
coli, Pseudomonas aeruginosa and Enterococcus 
faecalis Cell Growth and Biofilm Formation. 
Antibiotics. 2024; 13(7): 605. doi: 10.3390/
antibiotics13070605

25.	 Bouguenoun W, Bouguenoun F, Benbelaid S, 
Mebarki I, Bouguenoun S, Boulmaiz A, Khadir 
M, Yassine B, Benziane M, Bendahou A, Muselli 
M. Selected antimicrobial essential oils to 
eradicate multi-drug resistant bacterial biofilms 
involved in human nosocomial infections. Int J 
Antimicrob Agents. 2023; 62(4): 106617. doi: 
10.1080/08927014.2023.2269551


