
100Ağrı Med J ;  Oct 2024; Vol:2, Issue:3

Research Article/ Araştırma Makalesi

Cite this article:  Üreyen Esertaş ÜZ, Ekşi, S. Antimicrobial and Anti-quorum Sensing Activity of Geranium sp. Ağrı Med J. 2024; 2(3): 100-105

*Corresponder author
Ülkü Zeynep Üreyen Esertaş 

Department of Medical Microbiology Ağrı Ibrahim Çeçen University, Ağrı TURKEY
E-mail: uzesertas@agri.edu.tr

ORCID ID: 0000-0001-9897-5313

Gönderilme Tarihi:
Kabul Tarihi:
Yayınlanma Tarihi:

1.Department of Medical Microbiology Ağrı Ibrahim Çeçen University
2.Medical Microbiology Recep Tayyip Erdoğan University

24/09/2024
22/10/2024
30/10/2024

ÖZ

Amaç: Son yıllarda hızla artan antibiyotik direnci, halk sağlığı tehditlerinin başında 
gelmektedir. Dirençle mücadelede etkili antibiyotikler için alternatif yöntemler 
araştırılmaktadır. Sardunya türleri kabızlık, sindirim bozuklukları ve diyabet için yaygın 
olarak kullanılmaktadır. Aynı zamanda bitkinin çeşitli halk sağlığı uygulamalarında 
kullanıldığı bilinmektedir.  Bu bilgiler doğrultusunda Geranium sp bitkisinin 
antimikrobiyal ve anti-qorum sensing özelliklerinin araştırılması amaçlanmıştır.

Gereç ve yöntemler: Bu çalışmada, Rize iline ait Geranium sp. çiçek kısımlarının 
metanol, etil asetat, etanol ve hekzan özütlerinin hazırlanması ve agar kuyu difüzyon 
yöntemi ile çeşitli Gram-negatif ve Gram-pozitif bakterilere ve iki mantar türüne 
karşı antimikrobiyal aktivitelerinin araştırılması amaçlanmıştır. Chromobacterium 
violaceum suşu kullanılarak anti-quorum algılama aktivitesi belirlenmiştir. 

Bulgular: Geranium sp.’nin metanol özütü yedi türe karşı antimikrobiyal aktivite 
gösterirken, etil asetat ile ekstraksiyon sekiz türe karşı antimikrobiyal aktivite 
göstermiştir. Etanol ile ekstrakte edilen örnekler en düşük antimikrobiyal aktiviteye 
sahip olduğundan sadece altı tür etkilenmiştir. Ayrıca, Geranium sp.’nin metanol 
özütü violacein inhibisyon aktivitesine sahiptir. 

Sonuç: Sonuç olarak, bitkinin özellikle metanol öztünün antimikrobiyal ve anti-
quorum algılama özelliklerine sahip olduğu belirlendi.

Anahtar kelimeler: Viyolasin, Antimikrobiyal aktivite, Quorum algılama, Geranium sp.,

ABSTRACT

Aim: Antibiotic resistance, which has increased rapidly in recent years, is one of the 
leading public health threats. Alternative methods are being investigated for effective 
antibiotics in the fight against resistance. Geranium species are widely used for 
constipation, digestive disorders, and diabetes. It is also known that the plant is used 
in various public health applications. In line with this information, it was aimed to 
investigate the antimicrobial and anti-quorum sensing properties of the Geranium sp.

Material and Methods: In this study it was aimed to prepare methanol, ethyl acetate, 
ethanol, and hexane extracts of Geranium sp. flower parts belonging to Rize province 
and investigate their antimicrobial activities by agar well diffusion method against 
various Gram-negative and Gram-positive bacteria and two fungal species. Anti-
quorum sensing activity was determined using Chromobacterium violaceum strain. 

Results: Methanol extract of Geranium sp. showed antimicrobial activity against 
seven species whereas extraction with ethyl acetate showed antimicrobial activity 
against eight species. The ethanol extracted samples have the lowest antimicrobial 
activity so that only six species were affected. Additionally, methanol extract of 
Geranium sp. had violacein inhibition activity.

Conclusions: As a result, it was determined that the plant, especially its methanol 
extract, has antimicrobial and anti-quorum sensing properties.

Keywords: Violacein, Antimicrobial activity, Quorum sensing, Geranium sp.,

Ülkü Zeynep Üreyen Esertaş1*, Saliha Ekşi 2

Geranium sp’nin Antimikrobiyal ve Anti-quorum sensing aktivitesi

DOI: 10.61845/agrimedical.1555075

Antimicrobial and Anti-quorum Sensing Activity of Geranium sp.



101 Ağrı Med J ;  Oct 2024; Vol:2, Issue:3

AĞRI MEDICAL JOURNAL

Introduction
Antibiotics are critical agents in the treatment of bacterial 

infections, revolutionizing modern medicine since their 
discovery. They function by inhibiting bacterial growth or killing 
bacteria, thus playing a vital role in managing infectious diseases 
and preventing complications from surgeries and other medical 
procedures. However, the emergence of antibiotic resistance 
(ABR) poses a significant global health threat, as bacteria evolve 
mechanisms to withstand the effects of these drugs. Factors 
contributing to this resistance include overuse and misuse of 
antibiotics, inadequate patient education, and the lack of new 
antibiotic development to keep pace with resistant strains (1-3). 
The World Health Organization has identified antibiotic resistance 
as one of the top ten global health threats, emphasizing the 
urgent need for effective strategies to combat this issue (3). 

The properties of antibiotics derived from plants have 
garnered increasing interest as potential alternatives to traditional 
antibiotics. Plants have evolved complex chemical defenses that 
allow them to combat pathogens, which can be harnessed for 
medicinal purposes. Research has shown that various plant 
extracts possess antimicrobial properties, with some exhibiting 
synergistic effects when combined with conventional antibiotics 
(4, 5). These plant-derived compounds can disrupt bacterial cell 
membranes, inhibit essential metabolic pathways, and even 
enhance the efficacy of existing antibiotics (5). For instance, 
studies have highlighted the potential of specific plants, such 
as Aloe vera, in producing antibacterial agents that could serve 
as adjuncts in treating resistant infections (6). The exploration 
of these natural products not only offers a promising avenue 
for developing new therapeutic agents but also aligns with the 
growing trend towards sustainable and holistic approaches in 
medicine.

Thus far, while antibiotics remain indispensable in modern 
healthcare, the rise of antibiotic resistance necessitates a 
multifaceted approach that includes prudent antibiotic use and 
the exploration of alternative sources, such as plant-derived 
compounds. This dual strategy may help mitigate the impact of 
resistance and ensure the continued effectiveness of antibiotics 
in treating bacterial infections. Developing new and effective 
antimicrobials is of great importance in combating antibiotic 
resistance. Simultaneously, new strategies for fighting resistance 
are being researched. Among these strategies, quorum sensing, 
a bacterial communication system, plays a significant role. Plants 
have historically been prominent in active substance research 
(7, 8). The genus Geranium, commonly known as crane's bill, 
includes several species that are referred to by various local 
names such as needle herb, bramble, shepherd's herb, minute 
herb, stork's foot, stork's beak, stork's bill, clock herb, and hour 
hand herb. In the Aegean region, some species' leaves are used 
as vegetables. Geranium species are traditionally used for their 
hemostatic, laxative, diuretic, tonic, digestive disorder, and 
diabetes management properties (9). Geranium mexicanum 
is reported to be preferred in Mexican traditional medicine for 
the treatment of tonsillitis, cough, whooping cough, urticaria, 
dysentery, and diarrhea (10). Extracts prepared from the roots and 
aerial parts of G. mexicanum, used for ailments such as stomach 
pain, diarrhea, and dysentery, have been noted to exhibit activity 
against diarrhea and dysentery pathogens. Another study reports 
that Geranium dielsianum, used in alternative medicine in South 
America for treating diabetes, lowers blood glucose levels (11). 
In Eastern medicine, Geranium thunbergii is commonly used not 
only for its hemostatic and anti-diarrheal properties but also for 
sterilization purposes (12).

In this context, the antimicrobial and anti-quorum sensing 
activities of extracts prepared from Geranium sp. using four 

different solvents were investigated within the scope of the study.

Materials and Methods

Preparation of plant extracts  
Geranium sp. samples were collected from Rize Ovit 

Plateau in July 2018. Genus’s identification was performed by 
academicians from Botany department at Recep Tayyip Erdoğan 
University. Herbarium procedures were carried out with the 
assistance of Prof. Dr. Vagıf Atamov. The extract was prepared 
using the maceration method with flower part of the plant (13). 
Final sample concentration was set up as 10 mg/mL of the plant 
extraction. 

Antimicrobial activity
Antimicrobial activity of Geranium sp. extracts was tested 

against Staphylococcus aureus ATCC 25923, Escherichia coli 
American Type Culture Collection (ATCC) 25922 Pseudomonas 
aeruginosa ATCC 27853, Bacillus subtilis ATCC 6633, Bacillus 
cereus ATCC 14579, Enterococcus faecalis ATCC 29212, 
Enterobacter aerogenes ATCC 13048, Yersinia pseudotuberculosis 
ATCC 6904, Acinetobacter haemolyticus ATCC 19002, Klebsiella 
pneumoniae ATCC 13883, Salmonella typhimurium ATCC 14028, 
Candida parapsilosis ATCC 22019, Candida albicans ATCC 
10231, Mycobacterium smegmatis ATCC 607, C. violaceum ATCC 
12472.  All strains were ATCC standard microorganisms and 
were obtained from the culture collection of the Department 
of Medical Microbiology, Medicine Faculty, Black Sea Technical 
University Trabzon/TURKEY.

Antimicrobial activity of Geranium sp. extracts was evaluated 
using the agar well diffusion method. The agar well diffusion 
method involves preparing agar plates and inoculating them 
with a microbial suspension. Before the experiments, fresh 
cultures of bacteria were prepared on Müeller Hinton agar 
(MHA). During the experiment, bacteria were prepared at a 
density of 0.5 McFarland Candida species and 1 McFarland. Then, 
bacteria were spread on MHA media with sterile swabs. 50 µL 
of the extracts at 10 mg/mL stock concentration were placed 
in the wells and the bacteria were incubated at 37 °C overnight 
and 2 nights with fungus. Wells were created in the agar, and a 
test substance is added to each well. After incubating the plates 
to allow microbial growth, the zones of inhibition around the 
wells are measured to assess the antimicrobial activity of the 
substance. The size of these zones indicates how effective the 
test compound is against microorganisms. Fifty microliters of 
Geranium extracts were added to the wells. Fungi were incubated 
for two days and bacteria for one day. Activity was determined 
by measuring the zone diameters around the wells (14, 15). All 
experiments were performed as three replicates. Ampicillin, 
gentamicin, ciprofloxacin and amphotericin B (200µg/mL) use for 
antimicrobial activity test for positive controls. Dimethyl sulfoxide 
(DMSO) negative control for the experiments. 

The extracts were tested within a concentration range of 5 mg/
mL to 39.06 µg/mL. For this purpose, 100 µL of the extract from 
the 10 mg/mL working stock solution was taken and transferred 
to the first well containing to 100 μL media. Subsequently, a two-
fold serial dilution was performed starting from the first well. For 
bacteria, Mueller Hinton broth-II was utilized, while Brain Heart 
Infusion (BHI) broth was employed for M. smegmatis. Candida 
species were tested in RPMI (Roswell Park Memorial Institute)1640 
with 0.2% glucose following the guidelines of EUCAST (2022). 
MIC values represented the lowest concentration of substances 
preventing visible growth of test strain. To determine Minimum 
Bactericidal Concentration (MBC), 50-µL samples were extracted 
from the MIC well and the preceding three wells. These samples 
were then plated on media specific to each microorganism and 
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incubated at 37 °C for the respective durations. The MBC was 
defined as the lowest concentration inhibiting viable cell growth 
on the plate (16).

Anti-quorum sensing activity  
Chromobacterium sp. were then cultured in 5 mL of LB 

medium, shaken at 175 rpm, and incubated for 24 hours at 37 
°C. Subsequently, 50 µL of each culture was inoculated into 5 mL 
of soft LB agar, with C6-AHL and C7-AHL added for CV026, and 
25 µL (1 mM) of C12-AHL added for VIR07 among the indicator 
strains. These cultures were applied to LB agar plates, allowed 
to dry, and 6 mm wells were opened, followed by the addition 
of 50 µL of determined Sub-MIC concentrations of each extract. 
The presence of anti-quorum sensing activity was identified by 
assessing zones where bacterial growth continuity was observed, 
while the formation of the purple pigment was suppressed, as 
described in previous studies (17, 18). Vanilla used as positive 
control for the quorum sensing activity experiments respectively. 
Dimethyl sulfoxide (DMSO) negative control for the experiments. 

Statistical analysis
Results were presented as mean values and standard error 

(mean±SE). Data were tested using GraphPad 9.0 (GraphPad 
Software, Inc., La Jolla, CA, USA). Statistical analysis of the results 
was based on chi-square test. Significant differences were 
statistically considered at the level of p<0.05 otherwise given.

Results

Antimicrobial activity results
The antibacterial activity of Geranium sp. was found to be 

particularly high against S. aureus and A. haemolyticus, while it 
also exhibited antifungal activity against both Candida sp. (Table 
1).

Table 1. Antimicrobial activity results of Geranium sp.

Ger Controls

MeOH EtOAc EtOH

S. aureus 20.33 ±0.57 20±0.0 20±0.0 30.33±0.47

B. subtilis 13±3.6 12.66±1.52 - 22.33±0.47

E. faecalis - 15±1.0 10.3±0.57 15±0

E. coli - - - 25±0

P. aeruginosa - - - 13±0.47

A. haemolyticus 16±0.0 20±0.0 20±1.0 23±0

K. pneumoniae 15±1.73 - - 22±0

E. aerogenes - - - 19±0.47

S. typhimurium - - - 17±0

C. violaceum 24±0.0 13.33±2.30 - 30.33±0.47

C. albicans 22±2.0 18.66±2.08 17±0.0 28±0

C. parapsilosis 17±1.73 16±1.0 14.33±1.15 25±0

M. smegmatis - 14.33±2.08 9±2.0 24.33±0.47

Data was expressed in mm. -: No activity ±: Standard deviation

The minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) values of Geranium sp. were 
found to be lowest for C. violaceum and C. albicans (Table 2).

Anti-quorum sensing activity results
Anti-quorum sensing activity was determined and only the 

extract of Geranium sp. prepared in MeOH exhibited violacein 
suppression activity (Table 3).

Table 2. MIC and MBC results of Geranium sp.
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MeOH MIC 125 250 250 31.2 62.5 250

MBC 250 500 500 62.5 1285 500

EtOAc MIC 250 250 - - 250 500

MBC 500 500 - - 500 1000

EtOH MIC 250 250 - - 250 -

MBC 500 500 - - 500 -
Data was expressed in µg/mL. - : No activity.

Table 3. Anti-quorum sensing activity results

C. violaceum 
12472

C. violaceum 
31532

C. violaceum 
VIR07

C. violaceum 
CV026

MeOH + + + +

 EtOAc - - - -

EtOH - - - -

 Hxn - - - -

+: Showed activity -: No activity was observed

Discussion
Uncontrolled and indiscriminate consumption of antibiotics 

leads to antibiotic resistance, posing a significant threat to public 
health. Resistance to beta-lactam and glycopeptide antibiotics, 
especially in microorganisms such as S. aureus, is increasing and 
is a serious concern. Discovery of new compounds that may 
be effective in combating resistance is of great importance. 
Current statistics highlight the need for non-toxic, affordable and 
accessible therapeutics for treating infectious diseases (19). 

Geranium species have received significant attention due 
to their antimicrobial properties attributed to various bioactive 
compounds present in their essential oils. In antimicrobial activity 
studies, compounds designed using Pelargonium graveolens, 
a member of the Geraniaceae family, were investigated and 
reported to be particularly effective on S. aureus and E. coli (20). 
Bigos et al. (2012) found that oils obtained from the Geranium 
plant were effective against S. aureus (21). Although crude extract 
of Geranium sp. was used in our study, similarly high activity 
on S. aureus was observed. Considering this data, the effect of 
Geranium extracts on S. aureus seems promising. At the same 
time, our study results reveal that Geranium MeOH, EtOAc, 
EtOH extracts show activity against A. haemolyticus and Candida 
species.

Like our results, researchers have shown that the antimicrobial 
activity of Geranium essential oil is not uniform across different 
bacterial strains. For example, studies have reported varying 
degrees of susceptibility between resistant and susceptible 
strains of Enterococcus spp. (22, 23). The ability of Geranium 
essential oils to inhibit the growth of C. albicans has also been 
documented, highlighting its potential as a natural antifungal 
agent. The presence of phenolic compounds in Geranium extracts 
has been associated with high antibacterial properties due to the 
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ability of these compounds to disrupt microbial cell membranes 
and interfere with basic metabolic processes (24). 

In addition to antimicrobial activity, Geranium species have 
been found to exhibit different activities, which may contribute to 
their overall therapeutic potential (25). These multiple activities, 
antimicrobial, anti-inflammatory, antibiofilm and antioxidant, 
position Geranium as a valuable candidate for a variety of 
applications, including food preservation and therapeutic 
formulations aimed at treating infections and inflammatory 
conditions (26).

The safety profile of Geranium essential oil is remarkable as it 
is generally recognized as safe (GRAS) by regulatory authorities 
and is suitable for use in food and cosmetic products (25, 
26). The industrial importance of Geranium extends beyond 
its antimicrobial properties; it is also used in perfumery and 
aromatherapy, further highlighting its versatility (27).

Especially in recent years, screening for inhibition of 
the mechanism called quorum sensing, which involves the 
communication system of bacteria, has been rapidly increasing 
in new therapeutic research. Bacteria are thought to become 
pathogenic through quorum sensing. Therefore, the detection 
of substances showing anti-quorum sensing activity is of great 
importance. It is predicted that the Geraniaceae family, which has 
been presented with different biological activities in literature, 
also has the potential for quorum sensing. At the same time, 
bioactive compounds found in Geranium sp. may also synergize 
with other natural anti-quorum sensing agents, increasing their 
overall efficacy against bacterial pathogens. This multifaceted 
approach not only targets the bacterial communication systems 
but also reduces oxidative stress, a factor that often contributes 
to bacterial pathogenicity (28).

Literature review reveals that Geranium species have not been 
extensively investigated for their anti-quorum sensing activities 
(29). Especially in recent years, much work has been done to 
increase quorum detection screening (30). Elmanama and Al Reefi 
(2017) investigated the antimicrobial and anti-quorum sensing 
activities of Pelargonium hortorum and P. graveolens from the 
Geraniaceae family and stated that P. hortorum in particular had 
potential (31). It has been reported that the inhibition of violacein 
by Pelargonium sidoides, which belongs to the Geraniaceae 
family, is ≥80% at ≥ 250 μL (26). Another study with P. hortorum 
revealed the quorum sensing activity of the plant at the genetic 
level and demonstrated its antimicrobial activity (32). Literature 
data show that especially Pelargonium species from the 
Geraniaceae family are frequently studied. Our study presents 
a comprehensive preliminary screening by including 4 different 
solvents of the species Geranium sp. At the same time, the 
study data showed that Geranium sp. MeOH extract suppressed 
violacein pigment production in C. violaceum species, indicating 
its potential to inhibit bacterial communication systems. In line 
with these results, it is planned to use MeOH extract for different 
studies and to advance the study in future research.

Conclusion
The rising threat of antibiotic resistance calls for innovative 

approaches to combat bacterial infections. Geranium species, 
with their rich bioactive compound content, offer promising 
alternatives to conventional antibiotics. This study demonstrates 
the antimicrobial potential of Geranium extracts, particularly 
against S. aureus, A. haemolyticus, and Candida species. 
Furthermore, the methanol extract of Geranium exhibited 
significant anti-quorum sensing activity, which is crucial in 
inhibiting bacterial communication systems that lead to 
pathogenicity.

The findings align with existing research that highlights 
the efficacy of plant-derived compounds, particularly from 
the Geraniaceae family, in disrupting microbial growth and 
communication. As natural products gain increasing attention in 
the search for sustainable and non-toxic therapeutics, Geranium 
species could play a significant role in the development of 
alternative antimicrobial agents. Further investigation is necessary 
to fully understand the scope of Geranium's anti-quorum sensing 
capabilities and to explore potential synergistic effects with other 
natural compounds. This research provides a foundation for 
future studies aimed at developing plant-based antimicrobials, 
which could mitigate the global antibiotic resistance crisis while 
offering safer and more accessible treatment options.

Conflict of Interest 
The authors affirmed no conflicts of interest with respect to 

the publication and/or authorship of this article.

Author Contributions
SE, ÜZÜE: Investigation; conceptualization; funding 

acquisition; project administration. ÜZÜE: Investigation; 
conceptualization; methodology; writing-original draft; writing-
review & editing. 

Acknowledgements
We would like to thank Recep Tayyip Erdoğan University 

Scientific Research Projects Coordination Office for supporting 
this study.

Funding Support
This study was supported by Recep Tayyip Erdoğan University 

Scientific Research Projects Coordination Office as a thesis project 
(Project code: TDK-2018-959)

Data Availability
The data that support the findings of this study are available 

from the corresponding author upon reasonable request. 

REFERENCES

1. Machowska A, Stalsby Lundborg C. Drivers of Irrational Use of Antibiotics in Europe. Int J Environ 
Res Public Health. 2018;16(1):27.

2. Hoxha I, Godman B, Malaj A, Meyer JC. 11-Year Trend in Antibiotic Consumption in a South-
Eastern European Country; the Situation in Albania and the Implications for the Future. 
Antibiotics (Basel). 2023;12(5):882.

3. Zarauz JM, Zafrilla P, Ballester P, Cerda B. Study of the Drivers of Inappropriate Use of Antibiotics 
in Community Pharmacy: Request for Antibiotics Without a Prescription, Degree of Adherence 
to Treatment and Correct Recycling of Leftover Treatment. Infect Drug Resist. 2022;15:6773-83.

4. Ginovyan M, Trchounian A. Novel approach to combat antibiotic resistance: evaluation of some 
Armenian herb crude extracts for their antibiotic modulatory and antiviral properties. J Appl 
Microbiol. 2019;127(2):472-80.

5. Muhammad SR, Abed IJ. Study of the Synergistic Effect of Three Volatile Oils on Antibiotic-
Resistant Bacteria Isolated from Burns. The Egyptian Journal of Hospital Medicine. 
2023;90(1):1421-9.

6. Fields L, Craig WR, Wasileski SA, Wolfe AL. Effects of Shade on Antibacterial Production in Aloe 
vera Plants: A Model Course Based Undergraduate Research Experience for First-and Second-
Year Chemistry and Biochemistry Students. World. 2019;7(4):248-53.

7. Esertaş ÜZÜ, Cora M. Biological activities of Elaeagnus umbellata methanol extract. 
Kahramanmaraş Sütçü İmam Üniversitesi Tarım ve Doğa Dergisi. 2024;27(6):1262-8.

8. Hanci H, CoŞKun MV, Uyanik MH, Sezen S, İGan H. In vitro Antifungal Activities of Fluconazole, 
Camellia sinensis and Cydonia oblonga Leaf Extracts Against Candida Species Isolated from 
Blood Cultures. Bezmialem Science. 2019;7(2):107-12.

9. Baytop T. Türkiye’de Bitkiler ile Tedavi, 2. baskı: İstanbul. Nobel Tıp Kitabevi. 1999.

10. Adetunji CO, Oyeyemi OT. Antiprotozoal activity of some medicinal plants against Entamoeba 
histolytica, the causative agent of amoebiasis.  Medical Biotechnology, Biopharmaceutics, 
Forensic Science and Bioinformatics: CRC Press; 2022. p. 341-58.

11. Karato M, Yamaguchi K, Takei S, Kino T, Yazawa K. Inhibitory effects of pasuchaca (Geranium 
dielsiaum) extract on alpha-glucosidase in mouse. Biosci Biotech Bioch. 2006;70(6):1482-4.

12. Liu QH, Jeong JE, Choi EJ, Moon YH, Woo ER. A new furofuran lignan from Geranium thunbergii 
Sieb. et Zucc. Arch Pharm Res. 2006;29(12):1109-13.



104Ağrı Med J ;  Oct 2024; Vol:2, Issue:3

AĞRI MEDICAL JOURNAL Geranium sp’nin biyolojik aktivitesi

13. Saliha E, Esertaş ÜZÜ, Kilic AO, Ejder N, Uzunok B. Determination of the antimicrobial and 
antibiofilm effects and ‘Quorum Sensing’inhibition potentials of Castanea sativa Mill. extracts. 
Notulae Botanicae Horti Agrobotanici Cluj-Napoca. 2020;48(1):66-78.

14. Sezen S, Ertugrul MS, Balpinar O, Bayram C, Ozkaraca M, Okkay IF, et al. Assessment of 
antimicrobial activity and In Vitro wound healing potential of ZnO nanoparticles synthesized 
with Capparis spinosa extract. Environ Sci Pollut Res Int. 2023;30(55):117609-23.

15. Ureyen Esertas UZ, Kara Y, Kilic AO, Kolayli S. A comparative study of antimicrobial, anti-quorum 
sensing, anti-biofilm, anti-swarming, and antioxidant activities in flower extracts of pecan (Carya 
illinoinensis) and chestnut (Castanea sativa). Arch Microbiol. 2022;204(9):589.

16. Leclercq R, Canton R, Brown DF, Giske CG, Heisig P, MacGowan AP, et al. EUCAST expert rules in 
antimicrobial susceptibility testing. Clin Microbiol Infect. 2013;19(2):141-60.

17. Parasuraman P, Devadatha B, Sarma VV, Ranganathan S, Ampasala DR, Siddhardha B. Anti-
quorum sensing and antibiofilm activities of Blastobotrys parvus PPR3 against Pseudomonas 
aeruginosa PAO1. Microb Pathogenesis. 2020;138:103811.

18. Castillo-Juarez I, Garcia-Contreras R, Velazquez-Guadarrama N, Soto-Hernandez M, Martinez-
Vazquez M. Amphypterygium adstringens anacardic acid mixture inhibits quorum sensing-
controlled virulence factors of Chromobacterium violaceum and Pseudomonas aeruginosa. 
Arch Med Res. 2013;44(7):488-94.

19. Wijesinghe GK, Feiria SB, Maia FC, Oliveira TR, Joia F, Barbosa JP, et al. In-vitro Antibacterial 
and Antibiofilm Activity of Cinnamomum verum Leaf Oil against Pseudomonas aeruginosa, 
Staphylococcus aureus and Klebsiella pneumoniae. An Acad Bras Cienc. 2021;93(1):e20201507.

20. Alonso AM, Reyes-Maldonado OK, Puebla-Perez AM, Arreola MPG, Velasco-Ramirez SF, Zuniga-
Mayo V, et al. GC/MS Analysis, Antioxidant Activity, and Antimicrobial Effect of Pelargonium 
peltatum (Geraniaceae). Molecules. 2022;27(11):3436.

21. Bigos M, Wasiela M, Kalemba D, Sienkiewicz M. Antimicrobial activity of Geranium oil against 
clinical strains of Staphylococcus aureus. Molecules. 2012;17(9):10276-91.

22. Łysakowska ME, Sienkiewicz M, Banaszek K, Sokołowski J. The sensitivity of endodontic 
Enterococcus spp. strains to Geranium essential oil. Molecules. 2015;20(12):22881-9.

23. Asfour HZ. Anti-Quorum Sensing Natural Compounds. J Microsc Ultrastruct. 2018;6(1):1-10.

24. Gururani MA, Atteya AK, Elhakem A, El-Sheshtawy ANA, El-Serafy RS. Essential oils prolonged 
the cut carnation longevity by limiting the xylem blockage and enhancing the physiological and 
biochemical levels. Plos One. 2023;18(3):e0281717.

25. Boukhris M, Bouaziz M, Feki I, Jemai H, El Feki A, Sayadi S. Hypoglycemic and antioxidant effects 
of leaf essential oil of Pelargonium graveolens L’Hér. in alloxan induced diabetic rats. Lipids in 
health and disease. 2012;11:1-10.

26. Nam HH, Nan L, Choo BK. Dichloromethane Extracts of Geranium Koreanum Kom. Alleviates 
Esophagus Damage in Acute Reflux Esophagitis-Induced Rats by Anti-Inflammatory Activities. 
Int J Mol Sci. 2018;19(11):3622.

27. Androutsopoulou C, Christopoulou SD, Hahalis P, Kotsalou C, Lamari FN, Vantarakis A. Evaluation 
of Essential Oils and Extracts of Rose Geranium and Rose Petals as Natural Preservatives in 
Terms of Toxicity, Antimicrobial, and Antiviral Activity. Pathogens. 2021;10(4):494.

28. Mehran M, Hosseini H, Akbari H, Hatami A, Safaei A. Investigation of the Effects of Chemical, 
Organic and Compost Fertilizers on Chemical Composition of Essential Oil of Pelargonium 
graveolens. Journal Of Horticultural Science. 2020;34(3):417-26.

29. Kalia VC, Patel SKS, Kang YC, Lee JK. Quorum sensing inhibitors as antipathogens: 
biotechnological applications. Biotechnol Adv. 2019;37(1):68-90.

30. Esertaş ÜZÜ, Durukan İ, Kılıç AO, Ekşi S. Determination of antimicrobial and quorum sensing 
inhibition potentials of different types of berries from Rize. Kastamonu University Journal of 
Forestry Faculty. 2024;24(1):74-80.

31. Elmanama AA, Al-Reefi MR. Antimicrobial, anti-biofilm, anti-quorum sensing, antifungal and 
synergistic effects of some medicinal plants extracts. IUG Journal of Natural Studies. 2017.

32. Abdel Bar FM, Alossaimi MA, Elekhnawy E, Alzeer MAA, Abo Kamer A, Moglad E, ElNaggar 
MH. Anti-Quorum Sensing and Anti-Biofilm Activity of Pelargonium x hortorum Root Extract 
against Pseudomonas aeruginosa: Combinatorial Effect of Catechin and Gallic Acid. Molecules. 
2022;27(22):7841.


