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ABSTRACT 
Antibiotic resistance is a significant public health threat, and bacterial biofilms may play a role in the 

development of resistance to antibiotics. Natural biological agents hold promise for solving this problem due 

to their antibiofilm properties. In this study, extracts of walnut rhizosphere soil bacteria were used to 

investigate their anti-quorum sensing and antibiofilm characteristics. Four isolates (BT13, BT31, BT39 and 

BT40) from the walnut rizosphere demonstrated anti-quorum sensing action against Chromobacterium 

violaceum ATCC 12472 at dosages of 20 mg mL-1. The crude extracts of BT13 (E. mundtii) showed the 

highest zone diameter, while crude extracts from BT33 did not. The crude extract from the BT39 (E. faecium) 

isolate, S. aureus (88%), and L. monocytogenes (82%) have the best biofilm inhibition activity. The study 

identified two walnut rhizosphere bacteria (BT13 and BT39) that exhibited promising antibiofilm and anti-

quorum sensing properties, which could serve as natural biological controls against antibiotic-resistant 

bacteria. In addition, these bacteria may protect both plant and public health by acting as effective 

antibiotics against resistant pathogenic organisms. 

Keywords: Antibiofilm activity, Antiquorum sensing, Walnut rhizosphere, Enterococcus faecium 
Enterococcus mundtii  

 

INTRODUCTION  

 

Antimicrobial resistance (AMR) is a significant global health concern. During the 

COVID-19 pandemic, the widespread and often inappropriate use of antibiotics has 

raised serious concerns regarding the acceleration of AMR (Ghosh et al., 2021). 

Recent studies suggest the need for new natural biological antimicrobial agents to 
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combat the rapidly developing AMR. Diseases caused by pathogenic microorganism, 

especially in immunocompromised individuals, are significantly influenced by 

biofilm and quorum sensing (Khan et al., 2021). Numerous illnesses linked to 

healthcare are caused by bacteria, which also result in longer hospital stays, higher 

medical expenses, and the development of biofilms on medical equipment            

(Vestby et al., 2020; Dadi et al., 2021). Despite the use of large amounts of antibiotics, 

these therapies are not always successful. Therefore, new methods to combat AMR 

and treatments that can change and eradicate biofilms and quorum sensing are 

needed. Recent research has shown promising outcomes in natural substances that 

can suppress quorum sensing and biofilm formation (Hughes and Webber, 2017). 

Plant extracts from Berginia ciliata, Clematis grata, and Clematis viticella have 

shown anti-biofilm efficacy against Pseudomonas aeruginosa PAO1                           

(Alam et al., 2020). Natural antibiofilms can show anti-quorum sensing and 

antibiofilm characteristics through naturally occurring bacterial secondary 

metabolites, and they can also suppress bacterial biofilm formation and quorum 

sensing activities. Secondary metabolite-producing soil microorganisms have 

garnered more attention in recent years (Alam et al., 2020). 

Examining the antibiofilm and antiquorum sensing characteristics of bacteria 

from natural settings like soil and water is crucial for developing novel compounds 

that combat biofilms and resistant infections (Asfour, 2018). Bacterial biofilms, a 

collection of microorganisms, are resistant to antibacterial treatments and tolerant 

of adverse conditions. They are responsible for a wide spectrum of chronic diseases, 

and antibiotic resistance in bacteria induced by biofilms makes diseases more 

difficult to cure (Donlan, 2002). New approaches, such as anti-quorum sensing 

detection (QS), are needed to counteract microbial resistance by blocking virulence 

factors (Roy et al., 2018). QS inhibitors are used to treat chronic resistant bacterial 

infections and play a vital role in reducing resistance (Miller and Bassler, 2001). 

Anti-QS controls virulence factor production, bioluminescence emission, binding, 

motility, competence, biofilm formation, and sporulation, among other physiological 

processes (Cegelski et al., 2008; Bhardwaj et al., 2013). 

Gram-negative bacteria regulate their virulence through a quorum sensing (QS) 

system, and Quorum Quenching (QQ) bacteria are a sustainable biocontrol method 

(Ma et al., 2013). However, new medicines are needed to inhibit harmful bacteria 

that form biofilms and disrupt quorum sensing (Basavaraju et al., 2016). 

Research is needed to synthesize novel antimicrobial agents with anti-QS action, 

such as soil, water, and plant-derived microorganisms. The incidence and diversity 

of Quorum Quenching bacteria found in walnut rhizosphere soil were studied  

(Rajput and Bithel 2022; Sabu et al., 2017). Although many studies have been 

conducted on the anti-quorum sensing and antibiofilm activities of leaf surface 

(phyllosphere) bacteria of medicinal plants and other plants, the bacteria found in 

the rhizosphere soil structure of the commercially important walnut tree have not 

been examined. Therefore, it is crucial to identify new control agents for biological 

protection against economically significant walnut plant diseases. 

Although the economic value of the Walnut plant is high, research on its 

rhizosphere soil has not yet been done sufficiently. However, a lot of research has 

concentrated on the anti-quorum sensing and anti-biofilm properties of rhizosphere 
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bacteria, traditional medicinal plants, and other plants. Therefore, finding new 

biocontrol agents is crucial to preventing diseases that could harm the economically 

significant walnut plant. This study examined how pathogenic bacteria's quorum 

sensing and biofilm formation were affected by E. mundiit and E. faecium bacteria 

isolated from walnut soil.  

Our objective was to assess these bacterial extracts' suitability for creating novel 

antimicrobial agents to treat illnesses in people, animals, and plants. Quorum 

sensing is essential for stopping the development of biofilms and pathogen resistance 

to antibiotics. Knowing these characteristics could lead to new strategies for the 

environmentally friendly management of infectious diseases and the control of 

harmful bacteria. In this direction, researchers are creating novel biocontrol methods 

that will transform infection control and microbial ecology. 

The current study aims to assess the potential applications of bacteria isolated 

from walnut rhizosphere as novel bactericidal medications for the treatment of 

illnesses in people, animals, and plants.   

The antibiofilm and antiquorum sensing properties of the bacterial isolates were 

evaluated.  These features are essential for preventing dangerous germs to 

developing resistance to drugs.  Therefore, more study is needed to find novel 

alternatives to antibiotics that will avoid resistant bacteria and ensure the 

sustainability of renewable therapies. 

 

MATERIALS and METHODS   
 

Collecting soil samples 

 Rhizosphere soil samples were collected from different walnut growing area of 

Kırşehir-Kaman (latitude N 39° 22'16″38.51″, longitude E 33° 42′46" 36.16″), at the 

root depth of young walnut trees. Sampling was carried out under aseptic conditions 

in the period between August and September 2021. 

 

Bacteria isolated from the rhizosphere of walnuts 

In the study, 1 gram of rhizosphere soil was diluted with 10 ml of water to isolate 

bacteria from the soil sample. The diluted soil samples were plated on nutrient agar 

plates and incubated at 28°C for 24 to 48 hours. After incubation, colonies with 

different morphological characteristics were selected and moved onto agar using the 

streak plate method. Pure isolates were stocked and preserved for identification and 

analysis (Chikere and Udochukwu, 2014). 

The MALDI-TOF-MS automated microbiology system was used to identify the 

isolates. The presence of these bacteria in the soil was confirmed by the study's 

identification of 5 bacteria from two species using the MALDI-TOF MS method. 

These genera and species are given in Table 1. The anti-quorum sensing 

experimentation was performed with the violacein producing Chromobacterium 

violaceum ATCC12472. Except for C. violaceum ATCC12472, which was incubated 

at 28°C, all medicinal strains were kept in Tripticase soy agar (TSA) and Tripticase 

soy broth (TSB) medium at 37°C.  

S. aureus ATCC 29213, E. coli ATCC 25922, P. aeruginosa ATCC 27853, E. 

aerogenes ATCC 51342, L. monocytogenes ATCC 7644, and B. cereus 709 Rome were 
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the pathogenic bacteria used in the anti-biofilm. The agar was then incubated 

overnight at 37°C overnight. 

 

Identifying strains using MALDI-TOF-MS 

MALDI TOF - MS was used to identify the species of strains isolated from walnut 

rhizosphere soil (Bruker Daltonics, Autoex Speed). This was achieved by identifying 

mass signals from the most prevalent and conserved genus-, species-, or subgroup-

specific ribosomal protein fractions. MALDI-TOF MS log (score) values between 

2.000 and 2.299 were considered as stable genus and likely species identifications, 

whereas values between 2.3 and 3.000 were interpreted as extremely plausible 

species-level identifications (Alatoom et al., 2011). 

The formic acid procedure, as used by Bizzini et al. (2010) was used to extract 

ribosomal protein, and samples were prepared for MS analysis. The samples were 

moved to the steel target plate using a sterile wood applicator from a single bacterial 

colony (Ground Steel Target, Bruker Daltonics). The transplanted bacteria were 

covered with a saturated HCCA matrix (a solution of cyano-4-hydroxycinnamic acid 

in 50% acetonitrile-2.5% trifluoroacetic acid; CAS Number 28166-41-8). The material 

is left to dry at room temperature in order to allow for co-crystallization                            

(Bizzini et al., 2010) (Table 1). 

 

Table 1. Genus and Species Identified by MALDI-TOF MS Method of bacteria 

isolated from walnut rhizosphere. 

 

Production of crude extract for anti-quorum sensing and anti-biofilm studies 

By placing a colony in 5 ml of TSB, 5 rhizosphere isolates were created. For fresh 

activation, 1 ml of each activated bacteria was added to 100 ml of TSB. After 48-72 

hours of incubation at 30°C and 100 rpm in the orbital shaker, the cell-free 

supernatant from the 100 ml bacteria culture was collected, and after centrifugation 

at 13800 rpm for 30 minutes, it was diluted with an equivalent volume of ethyl 

acetate. After that, the crude extract is evaporated in an oven vacuum over night. In 

order to achieve these final concentrations, 1% dimethyl sulfoxide (DMSO) was 

added, and the mixture was kept at -20°C. The final concentrations were 5, 10, and 

20 mg mL-1 stock (w v-1) (Kanagasabhapthy et al., 2009; Younis et al., 2015). 

 

Testing quorum sensing inhibition activity in the crude bacterial extract 

Anti-quorum sensing behavior of bacterial extracts against C. violaceum was tested 

using the agar gel diffusion method. On TSA, active C. violaceum was spread using 

a clean cotton swab. Then, 75 μL of extracts at concentrations of 5, 10 and                       

20 mg mL-1 were injected into the opened wells. DMSO, incubated under the same 

conditions (30°C for 24 hours), was used as a control during the experiment. 

Bacteria code Organism MALDI- Biotyper Score Value 

 Genus Species  

BT13  Enterococcus sp. E.  mundtii 2.443 

BT31  Enterococcus sp. E. faecium 2.297 

BT33 Enterococcus sp. E. faecium 2.432 

BT39 Enterococcus sp. E. faecium 2.366 

BT40 Enterococcus sp. E. faecium 2.38 
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It was possible to see anti-quorum sensing activity through a foggy halo field 

against the background of violeceum pigment. A total of three times this test was run 

(Abudoleh and Mahasneh, 2017). The plates were then kept at 30°C for a further 24 

hours. A translucent condition indicates growth inhibition, while a murky halo 

(purple hue removal exclusively) is indicating QSI activity (Nithya et al., 2010b). 

 

Violaceum quantitative evaluation 

The spectrum of violacein activity by C. violaceum (CV12472) in the presence of 

isolates was investigated by using the Blosser and Gray (2000) method of extracting 

the violaceum and measuring it. In nutrient broth, bacterial isolates were diluted 

two-fold, and 50 µl of grown culture (1.7x 107CFU / ml) was inoculated and incubated 

at 28°C until full pigmentation was observed in the blank (untreated culture). To 

begin, 200 µl of treated and untreated cultures are placed in an Eppendorf tube and 

lysed by adding 200 µl of 10% SDS, vortexing for 5 seconds, and incubating at room 

temperature for 5 minutes. Decrease in pigment production in the presence of 

bacteria isolate measured as percent inhibition = OD of control- OD of treated /OD of 

control x100 (Khan et al, 2009). 

 

Quantification of anti-biofilm activity 

For this test, pathogenic bacteria were cultured in Trypticase Soy Broth (TSB) at     

37°C for 24 h. 100 μL of crude extract and 100 μL of bacterial cultures were deposited 

into 96-well polystyrene microtiter plates, and the microplates were then incubated 

at 37°C for 24 h. Planktonic cells were then discarded. Double distilled water was 

used to wash the adherent cells and allowed to air dry. After the biofilms were 

stained with 200 μL of 0.4% (w/v) crystal violet solution, the wells were rinsed twice 

with clean water. After the wells were air dried, the crystal violet was dissolved in 

200 μL of ethanol. The optical density at 595 nm was measured using a microplate 

reader (Thermo Scientific Microplate Photometer, Multiskan FC, USA). Bacterial 

cultures without extract were used as controls and BHIB medium was preferred for 

comparison. There were three runs of this experiment (Theodora et al., 2019). 

 

Percentage biofilm inhibition = (Control OD595 − Treated OD595) × 100%  

                                                          (Control OD595) 

 

Scanning electron microscopy visualization of biofilm inhibition 

BT-13 (E. mundtii) and BT-39 (E. feacium), S. aureus, and E. coli biofilms were 

examined by using scanning electron microscopy (SEM). First, biofilms on a glass 

coverslip were fixed with 2.5% glutaraldehyde for 30 min at 37°C. Coverslips were 

fixed, followed by three PBS rinses and 15-minute intervals of drying with a graded 

ethanol solution (30%). The samples were then freeze-dried after reintroducing 

ethanol using isoamyl acetate. Ultimately, utilizing a scanning electron microscope 

SEM (FEI Model Quanta FEG 450) study, coverslips were coated with gold. Scanning 

electron microscopy was used to describe the size, form, and morphology of bacterial 

antibiofilms. The Yozgat Bozok University Science and Technology Application and 

Research Center in Yozgat performed SEM (Turkey) (Relucenti et al., 2021). 
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Finding pathogenic components in the bacterial isolates 

It was also established that the bacterial isolates have extracellular enzyme activity 

for the enzymes lipase, proteinase, hemolysin, and amylase. Using tributyrin plate 

halo test, lipolytic activity was quantified. This procedure employed 1% tributyrin 

(v/v) as an enzyme substrate (Kim et al., 2001). On agar plates with skim milk, 

protease activity is being monitored (Yu et al., 2009).  On 1.2% agar plates with an 

addition of 10% (v/v) sterile skimmed milk, protease generation and proteolytic 

activity were discovered.  

A cleaning zone formed around the colonies as a result of proteolytic strains. On 

agar-based 5% sheep erythrocytes, hemolytic activity was investigated. Around the 

colonies, there was a distinct, colorless zone that was a sign of hemolytic activity.      

A specific substrate was supplied to the solid medium and discovered utilizing               

a diffusion approach involving developing colonies in order to manufacture 

extracellular enzymes. At 4 and 28°C, the isolated bacteria were inoculated, and the 

assays were carried out twice. The open areas surrounding the colonies were 

quantified in mm as the difference between the halo and the colony's diameter and 

were thought to be a sign of enzymatic activity (Wang et al., 2007). 

 

RESULTS and DISCUSSION   

Anti-quorum sensing and anti-biofilm activity were screened. 

The anti-qouroum sensing and anti-biofilm activities of 5 bacteria isolated from                   

30 rhizosphere soil samples were investigated.  

 

Antiquorum sensing activity detection 

Agar well was performed by diffusion method for anti-QS scanning using                                 

C. violaceum CV12472 strain. The screened 5 soil bacteria at a concentration of                    

20 mg mL-1, with a pigment inhibition zone of 13.2 and 11.4 mm against CV12472 

strain, significant inhibition in pigment production of isolates was detected, 

respectively (Table 2). Inhibition of pigment production was also detected in bacterial 

isolates, with a pigment inhibition zone ranging from 11-13 mm against CV12472. 

No effect on pigment inhibition by bacterial isolates was observed at the tested 

concentrations of 5 and 10 mg mL-1. Violecein extraction was carried out in cultures 

of CV12472 treated with soil isolates to prevent the production of violecein.  
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Table 2. In disc diffusion assays and pigment inhibition assays, strains have anti-
quorum sensing activity.  

 

A number of bacteria were isolated as a result of the screening technique utilized in 

this investigation, ten of which were capable of generating antibacterial substances, 

and seven of which had both QSI and bacterial growth inhibitory activity against     

C. violaceum ATCC 12472. In order to determine whether Isolates 5 (BT13, BT31, 

BT33, BT39, and BT40) may produce anti-quorum sensing, additional testing was 

conducted on them. 

Antibiotics therapeutic efficacy is linked to their bactericidal effect,                           

(Lobritz et al. 2015) but selective pressure can lead to antibiotic resistance in bacteria 

(Maeda et al. 2012). Conventional therapies are losing effectiveness, and the 

incidence of antibiotic-resistant pathogenic bacteria is growing uncontrollably                   

(Saga and Yamaguchi 2009). The use of antipathogenic materials to decrease 

bacterial virulence has become a paradigm for infection control, allowing for no 

selective pressure on antibiotic resistance development. This approach opens new 

scientific avenues for developing new therapeutic drugs and addressing the growing 

issue of antibiotic resistance (Maeda et al., 2012). 

Anti-pathogenic materials have emerged as a recent paradigm for bacterial 

infection control, aiming to decrease virulence rather than destroy the pathogen. This 

approach does not selectively pressure antibiotic resistance in bacteria and opens up 

new research avenues for developing new therapeutic drugs, as it does not selectively 

pressure the growth of antibiotic resistance in bacteria. 

 

Quorun sensing inhibition activity of the bacterial extracts 

This study isolated ten bacteria capable of producing antibacterial materials and 

seven with QSI and bacterial growth inhibitory activity against C. violaceum ATCC 

12472. Isolates 5 (BT13, BT31, BT33, BT39, and BT40) were tested for anti-quorum 

generation. The soil from land and beaches was used as a reservoir for isolating 

microorganisms (Weng et al., 2012). Twelve potentially QSI-active isolates were 

successfully isolated from the 500 isolates. The oil extract of Syzygium aromaticum 

also showed antibacterial and QSI activity (Khan et al., 2009). 

Theodora et al. (2019) isolated 11 phyllosphere bacteria with anti-quorum sensing 

activity. Another study used anti-quroum sensing to separate an actinomycetes 

strain from soil exposed to Gamma radiation (Lokegaonkar and Nabar, 2017).              

B. subtilis strain R-18 bacterial cell-free culture supernatant was tested against                   

Anti-quorum sensing activity 

Strain 

No  

Origin of isolates Bacteria Inhibition zone (mm) Concentrations (mg mL-1)  

Concentrations (mg mL-1) Violacein inhibition (%) 

5 10 20 2 4 8 16 

BT13 Rhizosphere soil E. mundtii 0 0 13.2 63.3                53.9 23.8           17.8           

BT31 Rhizosphere soil E. faecium 0 0 12.3 60.2 45.8                42.0   33.4              

BT33 Rhizosphere soil E. faecium 0 0 0 68.3          56.2           58.1 34.5               

BT39 Rhizosphere soil E. faecium 0 0 13.1 71.2                 61.9       52.8 42.0                    

BT40 Rhizosphere soil E. faecium 0 0 11.4 72.3 66.7 62.5                 56.2               
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C. violaceum and S. marcescens, demonstrating its quorum sensing inhibitory ability 

(Devi et al., 2018). 

The study found that 4 out of 5 rhizosphere isolates can be used as anti-quorum 

sensing agents due to their ability to thrive in a demanding environment with 

changing physical conditions and restricted nutrient availability                                        

(Hunter et al., 2010). The results showed that extracts at concentrations of                              

5 mg mL-1 and 10 mg mL-1 had no activity, while activity was being observed at 

concentrations of   20 mg mL-1. The study also observed inhibition of violet pigments 

in AHL rhizosphere from C. violaceum due to the degradation of metabolites 

generated by bacteria (Stauff and Bassler, 2011). The bacteria producer and extract 

concentration also impacted quorum quenching activity                                                     

(Abudoleh and Mahasneh, 2017) which regulates the gene expression of biofilm-

forming cells (Biradar and Devi, 2018; Roy et al., 2018). 

Future sequencing of rhizosphere bacteria's metabolites could help identify their 

quorum-quenching agents. Four extracts from walnut rhizosphere showed 

significant anti-quorum sensing activity against C. violaceum CV12472 and anti-

biofilm properties against pathogenic bacteria without affecting growth. These 

extracts showed various results based on biofilm activity quantification in inhibition 

steps (Table 2). Disrupting autoinducer synthesis, cell-to-cell exchange, autoinducer 

reception and transduction, and autoinducer degradation can disrupt pathogenic 

bacteria's quorum sensing mechanism, leading to biofilm inhibition                              

(Grandclement et al. 2016; Zhou et al., 2017). Biofilm destruction activity may be 

caused by enzymes or small molecules that hydrolyze biofilm compounds                       

(You et al., 2007). Pathogenic bacteria biofilms have different EPS compositions 

(Gunn et al., 2016), and specific enzymes may degrade various EPS compounds 

(Fleming and Rumbaugh, 2017). 

 

Violacein quantification     

The violacein inhibition percentage was 72.3 and 56.2% when C. violaceum ATCC 

12472 was administered with separate concentrations of extract of BT40 at 

concentrations of 0.5 and 0.0625 mg mL-1 of the bacterial QSI compounds, 

respectively. This finding is consistent with the findings of Choo et al. (2006) who 

discovered that vanilla extract decreased violacein production by up to 98 %, and 

Packiavathy et al. (2012) who discovered that Cuminum cyminum inhibited violacein 

production by 90%. The extract of Rosmarinus officinalis leaves inhibited the 

synthesis of violacein by 40%, according to Vattem et al. (2007). 

These findings clearly showed that bacterial QSI compounds can be isolated from 

natural habitats. Rather than suppressing the pathogen, QS inhibition is an 

alternative method of pathogen control that involves manipulating gene expression. 

Bacterial QSI agents would certainly aid in the battle against newly emerged 

resistant pathogenic bacteria. The area is still in its early stages, and further 

screening and testing procedures are needed. 

 

Quantification of anti-biofilm agents 

The anti-biofilm activity experiment revealed that crude extracts varied in their 

inhibitory efficacy against all pathogenic bacteria tested, with the greatest results 
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coming from S. aureus and E. coli and the worst results coming from                                         

L. monocytogenes and B. cereus 709 Roma (Table 3). Pathogens P. aeruginosa,                         

E. aerogenes and B. cereus 709 Roma did not show antibiofilm activity. Crude 

extracts obtained from BT39 (E. faecium) isolate, S. aureus (88%) and                                       

L. monocytogenes (82%) had the best biofilm inhibitory activity. 

 

Table 3. Quantification of anti-biofilm action against pathogenic bacteria 

 

Evaluation of anti-biofilm activity 

The study found that BT39 isolate extract significantly inhibited biofilm formation 

without affecting the growth of two standard pathogenic bacteria, S. aureus and L. 

monocytogenes. These isolates have a wide spectrum of anti-biofilm function in 

inhibition ways, and crude extracts of rhizosphere isolates have shown promise as 

quorum quenching and anti-biofilm agents against some biofilm-forming pathogenic 

bacteria studied (Table 3). Our results are consistent with previous findings that 

some marine Bacillus species inhibit P. aeruginosa biofilm (Nithya et al., 2010a). 

Bacteria prefer biofilm life due to increased resistance to antibacterial agents, 

which prevents successful treatment of biofilm-associated infections                                   

(Høiby et al., 2010). Quorum sensing and biofilm formation are essential for bacteria 

in social life, and preventing biofilm formation in quorum sensing is crucial for 

disease treatment (Nadell et al., 2008). Recently, commercially available QQ 

compounds have been shown to increase the susceptibility of bacterial biofilm to 

antibiotics, making them suitable for effective treatment of biofilm-associated 

infections (Brackman et al., 2011). 

 

Antibiofilm Activity Evaluation Using Scanning Electron Microscopy 

The biofilms made up of E. mundtii (BT-13), S. aureus, and E. coli were examined by 

using and scanning electron microscopy (SEM). First, biofilms on a glass coverslip 

were fixed with 2.5% glutaraldehyde for 30 min at 37°C. Coverslips were fixed, 

followed by three PBS rinses and 15-minute intervals of drying with a graded ethanol 

solution (30%). The samples were then freeze-dried after reintroducing ethanol using 

isoamyl acetate. Ultimately, utilizing a scanning electron microscope                                  

Pathogens Activity BT13 BT31  BT33 BT39 BT40 
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S. aureus ATCC 29213 Inhibition 18 0 3 88 3 

E. coli ATCC 25922 Inhibition 85 15 15 60 16 

P. aeruginosa ATCC 27853 Inhibition 0 0 0 0 0 

E. aerogenes ATCC 51342 Inhibition 0 0 0 0 0 

L. monocytogenes ATCC 7644 Inhibition 0 0 0 82 0 

B. cereus709 Roma Inhibition 0 0 0 0 0 
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SEM (FEI Model Quanta FEG 450) study, coverslips were coated with gold. Scanning 

electron microscopy was used to describe the size, form, and morphology of bacterial 

antibiofilms (SEM). The Yozgat Bozok University Science and Technology 

Application and Research Center in Yozgat performed SEM (Turkey). 

 

                                      

  A) S. aureus (Control)                B) E. mundtii (BT-13)              C) E. faecium (BT-39)                     

                   

  A) E. coli (Control)                        B) E. mundtii (BT-13)           C) E. faecium (BT-39) 

Figure 1. SEM pictures showing the variations in cell morphology in the biofilm 
structures of BT-13 and BT-39 bacterial extracts as well as control cells S. aureus 
and E. coli. (The arrows show that although control cells are intact and tightly 
encased in the EPS matrix, they are injured and removed from the EPS matrix). 
 

Evaluation of biofilm inhibition by SEM 

SEM was used to detect the biofilm inhibitory activity of bacteria isolated from the 

walnut rhizosphere against S. aureus ATCC 29213 and E. coli ATCC 25922. 

Visualization using SEM provided additional confirmation of this conclusion                 

(Figure 1). The integrity of the cell walls is compromised, and the multilayer biofilm 

growth's thickness is reduced. The test bacterial strains also failed to preserve their 

usual morphology and did not cluster when P. aeruginosa was present. The 

threatened cell walls are to blame for this.  

The production of EPS by bacteria, which helps them attach to different surfaces 

and play a vital role in the growth of microcolonies that result in the creation of 

biofilms, is another significant feature that has been researched (Leme et al. 2006).  

BT13 and BT39 extracts inhibit a QS system that regulates the release of 

extracellular DNA needed by the pathogen E. coli to form biofilms. These extracts 

soften the biofilm and make it more susceptible to antibiotics. BT13 and BT39 

extracts caused cell death by forming pores in the cell wall of gram-positive bacteria, 

including pathogen S. aureus. 



 
ERDEM et al., / Turk J Agr Eng Res (TURKAGER), 2025, 6(1): 59-73                  

 

69 

 

Detection of Virulent Factors of the bacterial isolates 

A study was done on the bacterial biofilm supernatants' capacity for hemolysis, 

lipolysis, and proteolysis. The pathogenicity potential of ten different bacteria was 

evaluated (Table 4). The size of colonies and haloes was used to gauge enzyme 

activity. Hemolysis, lipase, and proteinase are used to break down and disperse 

biofilms. On 5% sheep blood agar plates, biofilm supernatants showed the small-scale 

and hemolytic activity of hemolytic halos.  

These results show that and hemolysin are produced in biofilms and then 

transferred to the extracellular environment. Larger diameter haloes of proteolysis 

and lipolysis were noticed in the identical supernatants of tributyrin agar and skim 

milk agar (Table 3). 

 

Table 4. Virulent factors of the bacterial isolates measured of diatemer and the colony 

halo in mm at 4 and 28°C. 

  Temperature (oC) 

Diameter of virulent factors halo (mm) 

Lipase Protease Hemolysin Amylase 

Isolates Identified species  4oC 28oC 4oC  28oC 4oC 28oC 4oC 28 oC 

BT13 E. mundtii - - 10.0 15.2 - - - - 

BT31 E. faecium - - 12.2 30.0 - - - - 

BT33 E. faecium - - 12.1 25.0 - - - - 

BT39 E. faecium - - 15.3 25.0 - - - - 

BT40 E. faecium - - 18.2 30.2 - - - - 

-No clean zone surrounding the colony                   + Clear zone surrounding the colony 

 

At 4 and 28°C, E. faecium (BT31, BT33, BT39, and BT40) had high protease activity 

(12.2-30.2 mm), but no lipase, hemolysin, or amylase activity. At 28°C (15.2 mm) and 

4°C, E. mundtii (BT13) had high protease activity (10.0 mm). The results of present 

study indicate the difference in the expression of protease by E. mundtii (BT13) and 

E. faecium (BT31, BT33, BT39 and BT40) isolates. The results show that rhizosfer 

isolates in this study displayed proteolytic activity (Table 4). 

 

Detection of Virulent Factors of the bacterial isolates 

In this work, bacteria isolated from walnut rhizosphere soil were tested for the 

presence of virulence factors such lipase, protease, hemolysin, and amylase in specific 

medium (Abdollahzadeh et al., 2020).  

The strains of E. faecium (BT31, BT33, BT39, and BT40) and E. mundtii (BT13) 

did not generate lipase, hemolysin, or amylase.  However, the clear translucent halo 

that developed around the colony on the protease-selective media demonstrated that 

every isolate produced protease. 

Despite the fact which this research did not witness the formation of lipase, 

hemolysin, or amylase enzymes, it has been demonstrated that soil habitats like the 

rhizosphere of walnuts include bacteria that produce these types of enzymes, which 
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are employed in a variety of uses in industry (Saha et al., 2019). For instance, it has 

been noted that bacterial amylolytic activities increases within waste soils that 

include garbage that is abundant in amylase than in garden soils. Food, feed, textile, 

paper, and biofuel are just a few of the industries that heavily rely on enzymes like 

pectinase, which break down materials that contain pectin                                           

(Abdollahzadeh et al., 2020). Furthermore, bacteria found in the walnut rhizosphere 

contribute significantly to the cycling of plant nutrients and promote plant health. 

Four bacteria from the walnut rhizosphere were identified and isolated for this 

investigation. Gram-negative bacteria taken from comparable soil settings had been 

shown in earlier research to be useful in biological control against insects in walnut 

trees, despite the fact that these isolates were Gram-positive. The synthesis, 

optimisation, and biotechnological potential of the enzymes derived from these 

isolates require more research. 

 

CONCLUSION 

Enterococcus bacteria found in walnut rhizosphere soil can be evaluated in 

agricultural and medical applications due to their ability to sense pathogenic quorum 

and prevent biofilm formation. By exploiting these natural antagonistic properties, 

researchers can develop innovative approaches to combat antibiotic resistance and 

reduce chronic infections. Future research should focus on understanding the specific 

molecular interactions and environmental factors that facilitate these beneficial 

effects and develop solutions against antibiotic-resistant bacteria that pose a threat 

to public health. These beneficial bacteria can inhibit biofilm formation, reduce 

virulence, and increase host resistance by producing signaling molecules or enzymes. 

This sustainable and environmentally friendly approach to antibiotic resistance and 

infection management requires further research to identify specific bacterial strains 

or metabolites for therapeutic applications. 
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