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ABSTRACT 
Uropathogenic Escherichia coli (UPEC) is a fundamental cause of nosocomial urinary tract 

infection (UTI). UPEC can form biofilms on the mucosa of the urinary bladder and the surface 

of urethral catheters, thus causing clinical problems. Therefore, the current study aimed at the 

potential of synbiotics to manage biofilm-associated UTIs by analyzing biofilm inhibition 

UPEC with cell-free supernatant (CFS) of synbiotics. Biofilm inhibition was accomplished by 

inoculating each microbial suspension into 96-well microplates on tryptic soy broth medium 

at 37°C for 48 h and a microtiter plate reader was used at 595 nm to read the OD value. The 

outcome (%) was calculated from the OD value of CFS-treated with UPEC. The result of this 

research was that each CFS of synbiotic treatment displayed significantly different (P<0.05) 

results and was able to inhibit UPEC biofilm. The highest percentage of biofilm inhibition of 

UPEC was shown in CFS 8 treatment with a value of 41.51 ± 0.687, where CFS of synbiotic 

from Lactobacillus rhamnosus bacteria with 2% inulin. The lowest percentage of biofilm 

inhibition UPEC was shown in CFS 1 treatment with a value of 36.56 ± 1.987, where CFS from 

Lactobacillus plantarum bacteria with 0% inulin. It could be concluded that the higher the 

concentration of inulin in the CFS of synbiotics, the higher the percentage value of biofilm 

inhibition on UPEC, which indicates the potentials to manage or prevent UPEC-induced 

biofilm infection. 

 

  

 

 

 

 

 

 

 

 INTRODUCTION 

Urinary tract infection (UTI)-associated microbes are one of the most prevalent matters 

in young and older women, and infections that connect to the kidneys, ureters, bladder, 

and urethra. That may be infected within its system [1]. Uropathogenic Escherichia coli 

(UPEC) is a fundamental cause of UTI both in a community setting and in a hospital 

and represents significant morbidity and mortality worldwide [2]. UPEC forms 

microcolonies, so-called biofilms, on the surface catheter of the urethral and the bladder 

mucosa [3]. The biofilm formation significantly interferes with UTI treatment by 

guarding encased microbes against antimicrobial therapy and host immune responses. 

Moreover, the close association of microbes allows easy transfer of resistance 

determinants between the microbes in the biofilm [3,4]. Biofilm defends microbes by 

placing itself to beneficially use available nutrients and block access to antimicrobial 

agents [5], increasing resistance to a drug, then UTIs becoming more challenging to 

treat [3,4]. 

Non-antibiotic treatments have gained recognition lately due to the advent and spread 

of new antibiotic-resistant isolates [3]. Recently, probiotics with probiotic-based 

functional foods have been overgrowing, mainly because of their enormous health 
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potential. Inulin is one of the prebiotics, a non-digestible food ingredient related to 

probiotics, as they positively influence the host by selectively stimulating the growth of 

beneficial microbe and inhibiting the growth of harmful microbe [6]. 

Synbiotics are a combination of probiotics and prebiotics that enhances the extant of 

living microbes by fastidiously stimulating the growth and initiating the metabolism of 

one or various beneficial microbe, thus boosting host welfare [7]. In previous studies, 

Staphylococcus aureus and Escherichia coli are inhibited by synbiotics [6]. However, no 

reports described synbiotics as biofilm inhibition UPEC that causes UTI. This study 

aimed to evaluate the biofilm inhibition of UPEC with synbiotics. 

 

MATERIAL AND METHODS 

Ethical consent 

This study earned ethical consent from Faculty of Dental Medicine Health Research 

Ethical Clearance Univeritas Airlangga, Commission on April 18, 2022, with 

authentication reference number: 171/HRECC.FODM/IV/2022. 

 

Microbes and growth circumstance 

Probiotics (Lactobacillus plantarum and Lactobacillus rhamnosus) were obtained from stock 

cultures from the University of Surabaya, which were previously isolated from kefir 

grains, and stored at -20ºC with containing 20% (v/v) glycerol in the Man Rogosa and 

Sharpe (MRS) Broth medium (HIMEDIA, India). 

For re-culture probiotic strains were grown onto the medium of MRS Agar slant 

(HIMEDIA, India). Then the gram stain and litmus test were carried out for 

confirmation the species of microorganism. Probiotic strains were inoculated into 5mL 

medium of MRS Broth (HIMEDIA, India) and incubated at 37°C for 24 h. Afterward, 

the culture is ready to be used to make cell-free supernatant. 

UPEC was obtained from samples (urine) of patients with urinary tract infections 

referred to Dr. Soetomo hospital, Indonesia. UPEC strains were cultured on the 

medium of MacConkey agar (OXOID, UK) and incubated at 37°C for 24 h. Biochemical 

tests were carried out to identify isolates. Escherichia coli ATCC 25922 was purchased 

from the microbiology laboratory of Dr. Soetomo hospital, Indonesia, and used as a 

positive control/reference strain. 

 

Media arrangement 

In the present study, the reconstituted media for probiotic strain (MRS Broth) were 

prepared according to their composition. MRS Broth (HIMEDIA, India) mixed with 

inulin (ORAFTI®GR: Beneo, Germany) at 0%; 05%; 1.0%; 2% before autoclaved at 121ºC 

for 15 minutes [8]. 

After UPEC and E. coli ATCC 25922 were cultured and incubated. All E. coli was 

suspended to get turbidity of 0.5 McFarland by inoculating each E. coli strain to a 

medium of Tryptic Soy Broth (TSB) (OXOID, UK) in 5mL and incubated with the 

aerobic condition [9]. 
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Cell-free supernatant 

106 CFU/mL of probiotics strains (L. plantarum and L. rhamnosus) were inoculated into 

15 mL of MRS Broth medium (HIMEDIA, India) containing various concentrations of 

inulin (0%, 0.5%, 1%, and 2%) and incubated at 37°C for 24 h. Then it was centrifuged 

for 10 minutes at 3000 rpm and using syringe filters (0.22 mm pore size) to filter the 

cell-free supernatants (CFS) [6]. 

 

Biofilm formation by pathogenic microbes  

Biofilm formation of each pathogen microbes was evaluated in a 96-well microtiter 

plate (NEST, China). Shortly, 100 μL of diluted suspension pathogenic microbes (UPEC 

isolates or E. coli ATCC 25922) was pipette into the well of the microtiter plate and then 

incubated at 37°C for 48 h. Discard the solution's filling in the microtiter plate, wash the 

microtiter plate three times with 300 μL of Phosphate-Buffer Saline (PBS) solution, then 

dry. Pipette 150 µL of the crystal violet (CV) solution into the well and wait 15 minutes 

for the solution to be absorbed into the cells. Pipette back the solution, rinse the 

remaining coloring using water and then leave it to dry. In the final step, pipette 150 

methanol into the well, then read the OD value in the well with a microtiter plate 

reader at 595 nm (Thermo scientific TM Multiskan TM GO) [10–12]. The following 

formula [9,13] : 

ODcut-off = X OD control + 3SD control, 

OD isolate = X OD treatment – ODc. 

 

Interpretation of OD isolate value was categorized into 4 groups as follows: 
OD isolate ≤ ODcut-off   (0) NBF  

OD cut-off < OD isolate ≤ 2 x ODc  (+) WBF  

2 x OD cut-off < OD isolate ≤ 4 x OD cut-off (++) MBF  

4 x OD cut-off< OD isolate   (+++) HBF  

Where NBF (non-biofilm-forming), WBF (weak-biofilm-forming), MBF (moderate-biofilm-forming), HBF 

(high-biofilm-forming). 

 

Biofilm inhibition by CFS 

The activity to biofilm inhibition was performed by inoculating the suspension of each 

microbial into a 96-well microtiter plate (NEST, China). In this study, we used ten 

treatments, and each well of treatment was repeated four times. The first well was used 

for the control medium group (having a content of 100 μL medium of TSB). Three well 

were used for pathogen microbes (have content 100 μL of diluted suspension UPEC), 

four wells were used for the treatment of CFS (1-4) synbiotic (have content 100 μL of 

diluted suspension UPEC and 100 μL of CFS), four wells used for the treatment of CFS 

(5-8) synbiotic (have content 100 μL of diluted suspension UPEC and 100 μL of CFS). 

Afterward, enclose the microtiter plate with sealing wraps and incubate at 37°C for 48 h. 

The next step was determined, as explained earlier. The percentage of biofilm inhibition 

(%) was calculated concerning untreated control using the following formula reported 

previously [14]. 

Biofilm inhibition (%) = 
(𝑂𝐷 𝑜𝑓 𝑢𝑛𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑜𝑛𝑡𝑟𝑜𝑙)−(𝑂𝐷 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒)

(𝑂𝐷 𝑜𝑓 𝑢𝑛𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑜𝑛𝑡𝑟𝑜𝑙)
 x 100 
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Statistical analysis 

In this research, each well of the microplate was treated ten times, and each treatment 

was repeated four times. Each data result is displayed as the mean ± standard deviation 

(SD). The results of the data acquired from biofilm formation (OD) and the percentage 

of biofilm inhibition (%) were analyzed with the SPSS software application version 26.0 

for differences using one-way ANOVA with Tukey's post hoc follow-up test (P-value 

<0.05 considered significantly different) with a 95% confidence level. 

 

RESULTS 

Effect of treatments on biofilm  

In this research, the biofilm formation test and biofilm inhibition test were carried out 

at the same time. Each treatment was performed by inoculating each microbe (UPEC or 

E. coli ATCC 25922) in each treatment in to 96-well microplates then incubating it for 48 

and performing a microtiter plate reader reading at 595 nm by measuring total biomass 

(OD) after crystal violet staining. In addition, the biofilm inhibition test added 

inhibitory compounds from CFS of synbiotic or called CFS treatment. The OD value 

obtained was calculated as percentage biofilm inhibition (compared with untreated 

controls).  

 

Table 1. Effect of treatments on total biomass and percentage of biofilm inhibition  

 

 

 

 

 

 

 

Data expressed Data expressed as mean ± SD. The data considered statistically significant with the Tukey post hoc test (P< 0.05) 

showed = aControl group. bMicrobes treatment. cCFS treatment. 

 

The data showed that biofilm was formed in each treatment (UPEC, E. coli ATCC 25922, 

and CFS treatment), except in the control group. According to the calculation of results, 

the OD of the isolates is four times higher and significant (0.057), indicating that the OD 

of the isolate is included in the high biofilm performing (HBF) category. Each treatment 

(UPEC, E. coli ATCC 25922, and CFS treatment) showed statistically significant (P<0.05) 

difference (Table 1). The formation of biofilm in the UPEC microbial treatment showed 

the highest value and CFS 8 treatment showed the lowest value (Table 1). 

According to the data on the results of total biomass (Table 1), the difference in OD 

values from the treatments is shown in the graph (Figure 1). The one-way ANOVA 

statistical test displayed a significant difference (P<0.05) in biofilm treatments (Figure 1). 

There was a significant higher OD value in UPEC isolates while CFS treatments 

showed a significantly lower OD value (Figure 1).  

Species CV values CV category Biofilm inhibition (%) 

Control group (TSB medium) 

E.coli ATCC 25922 

0.048 ± 0.003a 

0.302 ± 0.030b 

- 

HBF 

- 

- 

- 

36.56 ± 1.987 

38.17 ± 0.567 

38.89 ± 1.142 

41.03 ± 0.740 

38.11 ± 0.491 

40.20 ± 0.701 

40.97 ± 0.527 

41.51 ± 0.687 

Uropathogenic E.coli (UPEC) isolate 0.420 ± 0.028b HBF 

CFS 1 (L. plantarum + 0% inulin) x UPEC 

CFS 2 (L. plantarum + 0.5% inulin) x UPEC 

0.266 ± 0.008c 

0.260 ± 0.002c 

- 

- 

CFS 3 (L. plantarum + 1% inulin) x UPEC 0.257 ± 0.005c - 

CFS 4 (L. plantarum + 2% inulin) x UPEC 0.248 ± 0.003c - 

CFS 5 (L. rhamnosus + 0% inulin) x UPEC 0.260 ± 0.002c - 

CFS 6 (L. rhamnosus + 0.5% inulin) x UPEC 0.251 ± 0.003c - 

CFS 7 (L. rhamnosus + 1% inulin) x UPEC 0.248 ± 0.002c - 

CFS 8 (L. rhamnosus + 2% inulin) x UPEC 0.246 ± 0.003 c - 
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Figure 1. Results of total biomass (OD) data for microbial treatment, control group, and CFS treatment. The 

OD of control group vs E. coli ATCC 25922 vs UPEC were statistically significant (*P<0.05), where the OD of 

UPEC isolates and the OD of ATCC 25922 E. coli are high biofilm-forming (4xODc). The OD of UPEC isolates 

vs CFS treatment were statistically significant (#P<0.05). The type of each treatment species is indicated on the 

X-axis and the treatment value OD absorbance of 595 nm is indicated on the Y-axis.  

 

The data generated by each treatment on biofilm inhibition showed as mean ± SD and 

statistically significant (P<0.05). The higher the concentration of inulin in the CFS of 

synbiotics showed the higher the percentage of biofilm inhibition on UPEC. According 

on the data on the result of biofilm inhibition (Table 1), the percentage of the CFS 

treatment is a calculation of OD of the CFS treatment (treated sample) compared to the 

OD from UPEC isolates (untreated sample). The difference percentage in data value 

from each treatment is shown in the graph (Figure 2), with the highest data value CFS 8 

treatment and the lowest data value CFS 1 treatment. The one-way ANOVA statistical 

test showed difference in biofilm inhibition in treatments (Figure 2).  

 

Figure 2. Percentage of biofilm inhibition. The data were compared within the treatments and considered 

statistically significant (P<0.05). The type of concentration inulin on the X-axis, and the treatment value (%) of 

biofilm inhibition on the Y-axis are indicated. 
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DISCUSSION 

In this research, in vitro studies for the treatment of biofilm formation and biofilm 

inhibition gave significant results. This research used the microtiter plate assay method 

with crystal violet (CV) solution to analyze biofilm formation and inhibition. CV binds 

to negatively charges surface molecules from living and dead cells and quantifies 

adherent biofilm biomass (exopolysaccharide) within the wells of the microtiter plate 

[15–17]. In addition, biofilm inhibition is assessed by adding a compound to be tested to 

inhibit biofilm formation at the same time as the bacterial suspension and then 

incubating within the specified time limit, followed by quantifying adhered biomass 

with CV can calculate percentage biofilm inhibition (compared with untreated controls) 

[17]. 

In research on in vitro biofilm formation, each treatment in this study showed the 

ability to form biofilms. This research showed that the treatment of UPEC and E.coli 

ATCC 25922 provides the highest value in biofilm formation. The ability of these 

bacteria to attach to surfaces is the cause of biofilm formation. Intrinsic factors such as 

fiber, adhesive proteins, and exopolysaccharide molecules can influence the adherence 

of these strains. Once attached, the bacterium produces an extracellular matrix (ECM) 

while replicating in a sessile form. ECM encases the microbes in a micro-colony (biofilm) 

and causes UPEC and E.coli ATCC 25922 biofilms to form strongly [4]. 

Biofilms consist of sessile microbial forms that adhere to surfaces as aggregates and are 

found in an extracellular matrix. Microbes that can form biofilms can avoid harsh 

conditions such as antimicrobial treatment, which can affect the host's immune 

response [18]. Additional studies showed critical steps in bacterial biofilm formation: 

attachment of the bacteria to the surface, adhesion, proliferation and growth, 

maturation, and dispersal of the cell or detachment. Different genetic and 

environmental factors can regulate biofilm formation, that suggests bacterial mobility 

(activated by flagella and fimbriae), extracellular polysaccharides, signaling molecules, 

and cell membrane proteins play essential roles [19]. 

Fimbriae-activated bacterial mobility is necessary for microcolony formation, and 

adhesin and specific cell membrane proteins maintain a stable association between the 

bacteria and the substrate surface [19]. For UPEC to colonize to the surface cause these 

strains encode several virulence genes; P fimbriae (pap), type1-fimbriae (fim-H), 

afimbrial-adhesin1 (afa1), S-fimbriae (sfa), hemolysin (hly), cytotoxic-necrotizing-factor 

(cfn1), aerobactin [5,20]. The virulence gene in UPEC that plays the most role at the 

urinary tract level is Type 1-fimbriae. Other studies have shown that UPEC can form 

intracellular bacterial communities and is mainly related to the colonization and 

invasion mechanisms of the bladder epithelium [21,22]. 

Due to the inadequacy of these approaches, therapies for biofilm inhibitory activity on 

microbial pathogens are of great interest. Many studies have suggested that probiotic 

products can be used to avert the growth of microbes that causes urinary tract 

infections [9]. Probiotics as antibiofilm agents against UPEC have been investigated 

previously  [3]. Even so, no documented report regarding the inhibitory activity of 

synbiotics (Lactobacillus sp with inulin) isolates previously from kefir grains against 

UPEC isolates that causes urinary tract infection is available. 

In research on in vitro biofilm inhibition, each CFS of synbiotics treatment in this study 

showed the ability to inhibit UPEC biofilm. This study showed that CFS 8  treatment 

gave the highest inhibitory activity biofilm formation of UPEC. This result is due to 

interference with the pathogen quorum sensing system caused by probiotic bacteria 

from Lactobacillus sp, which produce different exometabolites EPS, reactive oxygen 
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species (ROS), biosurfactants, and bacteriocins [23,24]. Each probiotic strain has 

different effects and mechanisms on its host. Probiotic mechanisms include producing 

exometabolites which can lead to a physiologically restrictive environment for 

pathogenic bacteria, competition for nutrients, and inhibition of quorum sensing (QS) 

[25]. 

Prebiotics are described as non-digestible food ingredients or compounds in food that 

have a beneficial impact. In this research, we used inulin to perform a combination with 

probiotics. Inulin is a carbohydrate group that can stimulate lactic acid bacteria 

selectively. Animal and human studies have shown that consuming prebiotics can 

decrease the population of pathogen microbes by Lactobacillus sp and Bifidobacterium sp 

[26]. Inulin's rapid excretion from the body into the urine means it may be used for 

drug delivery into the urinary tract [27]. 

Inulin stimulates growth activity and also be fermented by probiotics. Inulin has 

benefits as a food source for probiotic bacteria. Short-chain fatty acids (SCFA) such as 

propionate, butyrate, and acetate are produced from inulin fermented by probiotic 

bacteria. Inulin creates an acidic environment to inhibit infection from acid-sensitive 

pathogens. Other studies have shown that inulin supplementation increased the 

abundance of probiotic bacteria (Lactobacillus sp). Inulin-type fructan can increase the 

abundance of Lactobacillus sp and inhibit pathogen proliferation (Salmonella sp, E.coli) by 

producing SCFA, creating an acidic environment (low pH), increasing the immune 

response, and suppressing pathogenic microbial colonization [28]. Other research also 

mentions that the indirect antimicrobial effect of inulin can be caused by the production 

of discontinued products, such as bacteriocins and short fatty acid chains, which can 

reduce pathogens through a decrease in pH [8]. This research showed that synbiotics of 

CFS 1 and CFS 5 without the addition of inulin or 0% inulin were proven to inhibit 

UPEC biofilms. However, CFS of synbiotics with the addition of inulin concentration 

can further inhibit UPEC biofilms. 

 

CONCLUSIONS 

In the present study, CFS of synbiotics containing two probiotics (L. plantarum and 

L .rhamnosus) previously isolated from kefir grain was added to the prebiotic inulin 

with various concentrations. This study obtained the results of biofilm growth (EPEC, 

ATCC, and CFS treatment) and inhibition of biofilm by CFS treatment showed 

inhibitory activity on UPEC biofilms. The results obtained were calculated from the OD 

value of CFS treatment with UPEC. Each treatment of CFS showed a significantly 

different result. The data suggest that synbiotics may be a promising strategy for 

preventing and treating urinary tract infections caused by UPEC biofilms. However, 

identified at the molecular level for specific pathophysiological states and in vivo 

studies are necessary for future applications of these as synbiotics. However, further 

research is needed, such as molecular identification and in vivo tests for future 

applications as a synbiotic. 
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