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Abstract 

Antimicrobial resistance represents a growing threat to global public health, exacerbated by the improper use of  

antibiotics. This situation drives the search for alternative therapies, such as essential oils from medicinal plants of the 

Rutaceae family, including Citrus bergamia (bergamot), which is recognized for its potential antibacterial properties. 

This study evaluated the antibacterial activity of Citrus bergamia essential oil (CBEO) against standard and  

multidrug-resistant (MDR) bacterial strains, and investigated its effects in combination with clinically used antibiotics. 

The CBEO was commercially obtained, and its inhibitory capacity was determined using the Minimum Inhibitory  

Concentration (MIC), ranging from 0.5 to 512 μg/mL. Interactions with antibiotics were tested at subinhibitory  

concentrations, and data were analyzed by one-way ANOVA followed by Tukey’s post hoc test. The results revealed that 

CBEO did not exhibit significant antibacterial activity, and no relevant potentiating effect was observed when combined 

with antibiotics. Furthermore, an antagonistic effect was observed in the combination with ampicillin against S. aureus, 

as evidenced by an increase in the antibiotic's MIC.  
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Research Article 

Introduction 

Antimicrobial resistance (AMR) is one of the greatest challenges to global public health, food security, and the economy. 

This process occurs when microorganisms stop responding to previously effective drugs, making infection treatment 

more difficult [1,2]. The lack of rigorous action to address this growing problem compromises the effectiveness of  

existing healthcare systems and may lead to approximately 10 million deaths worldwide by 2050 [3]. 

Several factors contribute to the development of resistance, notably the inappropriate use of antibiotics, including  

self-medication, use in cases of non-specific bacterial infections, or administration for periods that deviate from medical 

recommendations either shorter or longer durations [4].  
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In this context, spontaneous genetic mutations in bacteria enhance their adaptability and may confer resistance to  

external agents, making them more resilient to environmental factors [5,6]. The situation is further exacerbated by the 

fact that most current antibiotics are derived from compounds discovered before the 1980s, underscoring the urgent 

need for new therapeutic options [7].  

Given this scenario, medicinal plants stand out as important sources of antimicrobial agents and are widely recognized 

for their ability to contribute to the discovery and development of new antibacterial drugs [8,9]. In this context, essential 

oils have been increasingly investigated as alternative strategies to combat bacterial infections [10]. 

The Rutaceae family includes 156 genera and over 1,800 species, widely distributed across tropical and subtropical  

regions. Its species are recognized for their economic value, providing food, medicines, spices, and essential oils [11]. 

Among the species of the Citrus genus is Citrus bergamia Risso, commonly known as bergamot. Although still  

understudied, the essential oil of this plant is known for its antimicrobial activity, primarily attributed to compounds 

such as limonene, linalool, and linalyl acetate. Studies have confirmed its effectiveness [12,13]. 

In light of the rise in bacterial resistance and the search for new therapeutic alternatives, this study aimed to evaluate the 

antibacterial potential of the essential oil of Citrus bergamia Risso (CBEO) against standard and multidrug-resistant 

(MDR) bacterial strains, as well as to investigate the effects of CBEO in combination with commercial antibiotics 

(gentamicin, ampicillin, and norfloxacin) on bacterial growth inhibition. 

 

Materials and Methods 

Essential Oil Source 

The essential oil of Citrus bergamia (CBEO), in a 10 mL volume, was purchased from the company Via Aroma through its 

online platform (https://www.viaaromaloja.com.br/). Via Aroma is recognized for providing aromatherapy products, 

including essential oils with certifications of purity and origin, such as the IBD Natural Ingredients seal and the indication 

of being a vegan product, as stated on the product page. 

Bacterial Strains, Culture Media, and Antibiotics 

The antibacterial activity was investigated using both standard bacterial strains (ATCC) and multidrug-resistant (MDR) 

strains. The ATCC strains used were Escherichia coli ATCC 25922 and Staphylococcus aureus ATCC 25923, while the MDR 

strains included E. coli 06 and S. aureus 10. Bacterial cultures were grown in Brain Heart Infusion broth (BHI; Merck 

KGaA, Darmstadt, Germany), following the manufacturer’s instructions. Bacteria were suspended in 3 mL of sterile saline 

solution (0.9% NaCl), and turbidity was adjusted to 0.5 on the McFarland scale (equivalent to 1.5 × 10⁸ CFU/mL). The 

commercial antibiotics used as controls were gentamicin, ampicillin, and norfloxacin. 

Minimum Inhibitory Concentration (MIC) 

To evaluate the ability of CBEO to inhibit bacterial growth, 100 μL of the bacterial inoculum solution was added to 900 μL 

of BHI medium in 96-well microtiter plates. Subsequently, different concentrations of CBEO, ranging from 0.5 to 512 μg/

mL, were added. Plates were incubated in a bacteriological incubator at 37 °C for 24 hours. After the incubation period, 

liquid resazurin was used as a redox indicator, with the reaction result indicating bacterial growth. Color changes were 

analyzed after one hour, with a violet color indicating the absence of growth and a light pink color indicating bacterial 

presence. All assays were conducted in triplicate (n = 3). 

Enhancing Activity 

The modulatory effect of CBEO in combination with predefined antibiotics was evaluated using sub-inhibitory  

concentrations of CBEO (MIC/8) in association with the commercial antibiotics gentamicin, ampicillin, and norfloxacin. 

Assays were performed by broth microdilution in wells containing antibiotic concentrations ranging from 0.5 to 512 μg/

mL, with 100 μL per well. Microplates were incubated in a bacteriological incubator at 37 °C for 24 hours, and all  

experiments were performed in triplicate [14]. 
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Statistical Analysis 

Standard deviations were calculated and data were submitted to one-way analysis of variance (ANOVA). To verify  

statistically significant differences between groups, Tukey's multiple comparisons test was applied, with a 95%  

confidence level. Statistical analyses were performed using GraphPad Prism software, version 6 (GraphPad Software Inc., 

San Diego, CA, USA). 

 

Results 

The essential oil of Citrus bergamia (EOCB) did not exhibit significant antibacterial activity against either ATCC standard 

strains or multidrug-resistant (MDR) strains. The MIC values were above 512 μg/mL, indicating a lack of relevant  

antibacterial activity. Furthermore, EOCB did not enhance the efficacy of gentamicin, ampicillin, or norfloxacin. This was 

confirmed for both S. aureus 10 and E. coli 06 strains. 

However, the combination of EOCB with ampicillin exhibited an antagonistic effect against S. aureus, increasing the MIC 

from 20 to 32 μg/mL, as shown in Figure 1. 

In the analysis of E. coli presented in Figure 2, the MIC of norfloxacin was reduced in the presence of EOCB; however, the 

difference was not statistically significant. The MICs of gentamicin and ampicillin remained unchanged even with the 

addition of EOCB. Therefore, it can be concluded that EOCB did not potentiate the action of these antibiotics against the E. 

coli strain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussions 

EOCB has been extensively studied due to the presence of compounds such as limonene, linalool, and linalyl acetate, 

which are known for their antimicrobial activity [13]. Indeed, EOCB has demonstrated relevant antimicrobial properties, 

with MICs ranging from 0.5% to 2%, showing greater efficacy against S. aureus. Although its activity against  

Gram-negative bacteria is limited by the outer membrane barrier, activity against E. coli has also been observed, with 

MICs ranging from 2% to 4% [15]. However, in contrast to these findings, the results obtained in the present study did 

not demonstrate significant antibacterial activity for EOCB. 
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Figure 1. Geometric mean of the Minimum Inhibitory  

Concentration (MIC) of Staphylococcus aureus 10 for  

norfloxacin, gentamicin, and ampicillin, alone and in  

combination with Citrus bergamia essential oil (EOCB).  

Results are expressed in µg/mL. Error bars represent  

standard deviation. (ns) indicates not significant. 

Figure 2. Geometric Mean of the Minimum  

Inhibitory Concentration (MIC) of Escherichia coli 

06 for norfloxacin, gentamicin, and ampicillin, 

alone and in combination with Citrus bergamia 

essential oil (EOCB). Results are expressed in µg/

mL. Error bars represent standard deviation. (ns) 

indicates no statistical significance. 
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The antagonistic effect observed in the combination of EOCB with ampicillin against S. aureus 10 is particularly relevant. 

Discrepancies in the literature may be attributed to factors such as variations in oil concentrations, the bacterial strains 

tested, and the methodologies employed in the assays [16]. Therefore, such interactions may result in synergistic,  

additive, neutral, or even antagonistic effects depending on experimental conditions [17]. 

EOCB destabilizes the bacterial cell membrane by altering the fluidity and permeability of the lipid bilayer,  

compromising its integrity and causing leakage of intracellular contents [18]. This resistance is associated with the  

presence of a viscous extracellular matrix known as slime, which acts as a physical barrier that impairs the diffusion and 

penetration of hydrophobic substances [19,20].  

According to the literature, the combination of medicinal plants and antibiotics presents therapeutic potential, but  

requires further investigation to avoid possible antagonistic interactions and to maximize treatment efficacy [21]. Thus, 

it is essential to thoroughly investigate the potential of EOCB, considering its interactions with different classes of  

antibiotics, in order to enable more effective combined therapies to combat antimicrobial resistance [22,23]. 

 

Conclusion 

Although Citrus bergamia Risso essential oil (CBE) has not demonstrated significant antibacterial activity on its own, its 

potential as a modulator in combination with antibiotics may contribute to strategies against bacterial resistance. Future 

research should further analyze its bioactive compounds, mechanisms of action, and safety, exploring different  

concentrations and combinations. Thus, these investigations may pave the way for more effective and sustainable  

combination therapies to combat bacterial infections. 

 

Conflict of Interest 

The authors declare no conflict of interest. 

Acknowledgement 

The Regional University of Cariri (URCA). 

 

References 

1. Kariuki, S. Global burden of antimicrobial resistance and forecasts to 2050. The Lancet, 2024, 404(10459), 1172–

1173. https://doi.org/10.1016/s0140-6736(24)01885-3 

2. Sabi, A. A., Tweij, T.-A. R., Turki, I. M., Oleiwi, Z. K., Ali, S. K., Jabir, M. A., & Ajlan, N. N. Antibiotic resistance in develop-

ing nations: challenges and solutions. Cognizance Journal of Multidisciplinary Studies, 2024, 4(12), 598–610. https://

doi.org/10.47760/cognizance.2024.v04i12.054 

3. Naghavi, M., Vollset, S. E., Ikuta, K. S., Swetschinski, L. R., Gray, A. P., Wool, E., Aguilar, G. R., Mestrovic, T., Smith, G., & 

Han, C. Global burden of bacterial antimicrobial resistance 1990–2021: a systematic analysis with forecasts to 2050. 

The Lancet, 2024, 404(10459), 1199–1226. https://doi.org/10.1016/s0140-6736(24)01867-1 

4. Queiroz, L. S., Alves, E. H. P., Santos, A. L. S., Nascimento, H. M. S., Araujo, P. M. S., Guimara es, A. C. M., & Brito, V. S. Aça o 

antibacteriana do o leo essencial de Origanum vulgare: uma revisa o de literatura. Research, Society and Development, 

2023, 12(2), 1–11. https://doi.org/10.33448/rsd-v12i2.39745 

5. Lima, P. G., Oliveira, J. T., Oliveira, F. C., de Queiroz, M. G. R., Sousa, J. G. M., & da Silva, G. L. C. Synthetic antimicrobial 

peptides: characteristics, design, and potential as alternative molecules to overcome microbial resistance. Life Scienc-

es, 2021, 278, 1–11. https://doi.org/10.1016/j.lfs.2021.119647 

6. Silva, L. N., & Andrade, M. M. Ana lise geno mica das bacte rias resistentes mais recorrentes relacionadas a pneumonia 

adquirida em hospitais. Revista Ibero-Americana de Humanidades, Ciências e Educação, 2023, 9(10), 1–26. https://

doi.org/10.51891/rease.v9i10.11804 

7. Roman, H., Niculescu, A.-G., Laza r, V., & Mitache, M. M. Antibacterial efficiency of Tanacetum vulgare essential oil 

against ESKAPE pathogens and synergisms with antibiotics. Antibiotics, 2023, 12, 11635. https://doi.org/10.3390/

antibiotics12111635 

SVOA Microbiology 

Antibacterial and Potentiating Activity of the Essential Oil of Citrus bergamia Risso (Rutaceae) 

https://doi.org/10.1016/s0140-6736(24)01885-3
https://doi.org/10.47760/cognizance.2024.v04i12.054
https://doi.org/10.47760/cognizance.2024.v04i12.054
https://doi.org/10.1016/s0140-6736(24)01867-1
https://doi.org/10.33448/rsd-v12i2.39745
https://doi.org/10.1016/j.lfs.2021.119647
https://doi.org/10.51891/rease.v9i10.11804
https://doi.org/10.51891/rease.v9i10.11804
https://doi.org/10.3390/antibiotics12111635
https://doi.org/10.3390/antibiotics12111635
https://sciencevolks.com/microbiology/


182 

 

 

8. Abdallah, E. M., Alhatlani, B. Y., Menezes, R. P., & Martins, C. H. G. Back to nature: medicinal plants as promising 

sources for antibacterial drugs in the post-antibiotic era. Plants, 2023, 12(17), 1–27. https://doi.org/10.3390/

plants12173077 

9. Cherobin, F., Buffon, M. M., Carvalho, D. S., & Rattmann, Y. D. Plantas medicinais e polí ticas pu blicas de sau de: novos 

olhares sobre antigas pra ticas. Physis: Revista de Saúde Coletiva, 2022, 32(3), 1–17. https://doi.org/10.1590/s0103-

73312022320306 

10. Kachkoul, R., Touimi, G. B., Bennani, B., Habbani, R. E., Mouhri, G. E., Mohim, M., Houssaini, T. S., Chebaibi, M., Koulou, 

A., & Lahrichi, A. The synergistic effect of three essential oils against bacteria responsible for the development of li-

thiasis infection: an optimization by the mixture design. Evidence-Based Complementary and Alternative Medicine, 

2021, 1–17. https://doi.org/10.1155/2021/1305264 

11. Van, H. T., Nguyen, D. G. M., Quynh, N. T. A., & Le, V. S. Antibacterial activities of ethanolic extract of four species of 

Rutaceae family. Plant Science Today, 2020, 7(3), 1–6. https://doi.org/10.14719/pst.2020.7.3.784 

12. Marchese, E., D’Onofrio, N., Balestrieri, M. L., Castaldo, D., Ferrari, G., & Donsí , F. Bergamot essential oil nanoemul-

sions: antimicrobial and cytotoxic activity. Zeitschrift für Naturforschung C, 2020, 75(7-8), 1–12. https://

doi.org/10.1515/znc-2019-0229 

13. Fratini, F., Pecorini, C., Resci, I., Copelotti, E., Nocera, F. P., Najar, B., & Mancini, S. Evaluation of the synergistic antimi-

crobial activity of essential oils and cecropin A natural peptide on Gram-negative bacteria. Animals, 2025, 15(2), 1–

13. https://doi.org/10.3390/ani15020282 

14. Coutinho, H. D. M., Falca o-Silva, V. S., Gadelha, C. A., de Almeida, D. A., de Souza, J. C., & da Costa, J. G. (2008). Enhance-

ment of the antibiotic activity against a multiresistant Escherichia coli by Mentha arvensis L. and chlorpromazine. 

Chemotherapy, 54, 328–330. https://doi.org/10.1159/000151267 

15. Barbarossa, A., Mallamaci, R., Spinozzi, E., Maggi, F., Sgobba, M. N., Rosato, A., Carocci, A., & Meleleo, D. Investigating 

bergamot essential oil (BEO) properties: cytoprotection in neuronal cells exposed to heavy metals and antibacterial 

activities. Antioxidants, 2025, 14(4), 1–21. https://doi.org/10.3390/antiox14040400 

16. Visan, A. I., & Negut, I. Coatings based on essential oils for combating antibiotic resistance. Antibiotics, 2024, 13(7), 1

–37. https://doi.org/10.3390/antibiotics13070625 

17. Hartman, K., S wierczyn ska, M., Wieczorek, A., Baszuk, P., Wojciechowska-Koszko, I., Sienkiewicz, M., & Kwiatkowski, 

P. Drug delivery systems utilizing essential oils and their compounds—A promising approach to fight pathogens. 

Applied Sciences, 2025, 15(3), 1–19. https://doi.org/10.3390/app15031287 

18. Rasheed, H. A., Rehman, A., Chen, X., Aziz, T., Al-Asmari, F., Alhomrani, M., Alamri, A. S., Cui, H., & Lin, L. Unveiling the 

anti-listerial effect of Citrus bergamia essential oil: mechanism of membrane disruption and anti-hemolytic activity. 

Food Bioscience, 2024, 61, 1–10. https://doi.org/10.1016/j.fbio.2024.104742 

19. Miri, Y. B. Essential oils: chemical composition and diverse biological activities. Natural Product Communications, 

2025, 20(1), 1–29. https://doi.org/10.1177/1934578x241311790 

20. Quirino, A., Giorgi, V., Palma, E., Marascio, N., Morelli, P., Maletta, A., Divenuto, F., De Angelis, G., Tancre , V., & Nucera, 

S. Citrus bergamia: kinetics of antimicrobial activity on clinical isolates. Antibiotics, 2022, 11(3), 1–15. https://

doi.org/10.3390/antibiotics11030361 

21. Silva, L. O. P., & Nogueira, J. M. R. Resiste ncia bacteriana: potencial de plantas medicinais como alternativa para 

antimicrobianos. Revista Brasileira de Análises Clínicas, 2021, 53(1), 1–7. https://doi.org/10.21877/2448-

3877.202002033 

22. Silva, R. A., Oliveira, B. N. L., Silva, L. P. A., Oliveira, M. A., & Chaves, G. C. Resiste ncia a antimicrobianos: a formulaça o 

da resposta no a mbito da sau de global. Saúde em Debate, 2020, 44(126), 1–17. https://doi.org/10.1590/0103-

1104202012602 

23. Mendes, L. M. C., Lino, L. A., Deus Filho, A. L., Silva, P. H. B., Rocha, S. M. S., Montino, M. C., Tomaz, M. E. G., Lima, A. C. 

P., Gomes, C. V. C., & Castro, P. A. Estrate gias para combater a resiste ncia antimicrobiana em infecço es hospitalares: 

uma revisa o de literatura. Research, Society and Development, 2024, 13(8), 1–6. https://doi.org/10.33448/rsd-

v13i8.46545 

Copyright: © 2025 All rights reserved by Almeida-Bezerra JW and other associated authors. This is an open access  

article distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution, and 

reproduction in any medium, provided the original work is properly cited.  

SVOA Microbiology 

Antibacterial and Potentiating Activity of the Essential Oil of Citrus bergamia Risso (Rutaceae) 

https://doi.org/10.3390/plants12173077
https://doi.org/10.3390/plants12173077
https://doi.org/10.1590/s0103-73312022320306
https://doi.org/10.1590/s0103-73312022320306
https://doi.org/10.1155/2021/1305264
https://doi.org/10.14719/pst.2020.7.3.784
https://doi.org/10.1515/znc-2019-0229
https://doi.org/10.1515/znc-2019-0229
https://doi.org/10.3390/ani15020282
https://doi.org/10.1159/000151267
https://doi.org/10.3390/antiox14040400
https://doi.org/10.3390/antibiotics13070625
https://doi.org/10.3390/app15031287
https://doi.org/10.1016/j.fbio.2024.104742
https://doi.org/10.1177/1934578x241311790
https://doi.org/10.3390/antibiotics11030361
https://doi.org/10.3390/antibiotics11030361
https://doi.org/10.21877/2448-3877.202002033
https://doi.org/10.21877/2448-3877.202002033
https://doi.org/10.1590/0103-1104202012602
https://doi.org/10.1590/0103-1104202012602
https://sciencevolks.com/microbiology/

