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Lactic acid bacteria are a safe and healthy alternative to antibiotics that have been attracted in many recent studies Methods: Salmonella. 

Typhi was diagnosed with the VETIC system, biofilm formation was detected by Congo red method and the microtiterplate method. L. 

plantarum capsule from (Swanson) company ATCC 53103 was used to obtain L.plantarum life cells. Results: The diagnostic results showed 

that 11 bacterial isolates from feces with a percentage 1.27% and 37(61%) bacterial isolates from blood  represented S. Typhi bacteria with 

a total of 48 isolates and various levels of biofilm productivity, which were categorized as having strong production by 87%, average 

production by 6.25%, and weak production of membrane bioavailability by 2.1%. The inhibiting effect of L. Plantarum potential as a 

probiotic was investigated using the bacterial Cell Free Supernatant (CFS) of the same bacteria, which gave the highest inhibition area for 

S. Typhi and for three bacterial isolates, it was (16,18,17) mm compared to the inhibition of suspension which gave the lowest inhibition 

areas (16,15,15)mm. The results also showed that the CFS produced by L. plantarum had the ability to inhibit biofilm formation by 20 

isolates of S.T. bacteria, in comparison with the positive control reading. The highest inhibition rate was 84.5% towards isolate S.T.4 and 

the lowest 70.8% inhibition of the S.t.35 isolate trend. Therefore, L. plantarum suspension can be presented as a viable healthy and 

therapeutic probiotic agent.  
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INTRODUCTION 

      Salmonella Typhi causes typhoid fever, which is a common disease in society (1), and it is one of the main problems in the 

world, especially in developing countries where the disease is endemic, and Iraq is one of the countries that suffer from this 

disease annually (2), this bacterium is a parasite on humans in particular and is the only host for it (3), and infects multiple 

organs of it, as it invades the lymphatic tissues of the small intestine, liver, spleen and bloodstream of the infected person, 

resulting in the emergence of multiple strains that are resistant to antibiotics because they take A strategy of biofilm formation 

that helps them persist inside the host by aggregating with each other (4). 

      Biofilm forms in response to a number of factors such as high cellular density and unfavorable environmental conditions 

such as nutrient deficiencies or during antibiotic treatment (5), and biofilm-forming bacteria are responsible for chronic and 

incurable infections because they contribute to increased pathogenesis and (6) proved in his study that the biofilm has a 

protective role similar to the capsule in S. Typhi bacteria that is not surrounded by the capsule in giving it the ability to cause 

infection, as well as it has a key role as a shield for bacteria to stay for a longer period in the body, such as colonizing S. Typhi 

bacteria in chronic and asymptomatic gallbladder, This allows it to be transmitted to uninfected individuals (7), so treatment 

alternatives such as a probiotic are resorted to, which is characterized by its inhibitory effect on biofilm production and has no 

side effects in addition to its presence inside the body has multiple benefits (8). 

     Lactic acid bacteria is a safe and healthy alternative to antibiotics, which attracted a lot of recent studies. In this study, it was 

found that Lactobacillus plantarum has an antibacterial activity against S. Typhi bacteria. This study also proved that its floating 

CFS without cells has an effect in removing and preventing biofilm formation by S. Typhi .The study was carried out according 

to scientific methods described in some international sources and research (9 ,10). L.plantarum bacterium tolerates different 

stress conditions, resists acidic stomach, small intestine environment and pancreatic juice when passing through the part .The 

upper part of the alimentary canal (11), tends to stick to the cells lining the intestine. This binding prevents the invasion of 

pathogenic bacteria (12), due to the inhibitory property of L. plantarum against S. Typhi, because it produces antibiotics 
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Microbes, including lactic acid, acetic acid, hydrogen peroxide and bacteriocins, and scientific studies have shown that the L. 

plantarum′s CFS has an antagonistic action towards Escherichia coli and Vibrio cholera (13). 

 

Materials and methods: 

- Samples Collection 

    One hundred S. Typhi isolates (blood and feces) were collected from educational laboratories in Baghdad / Iraq, these 

samples (60 blood and 40 feces) were collected from age groups (1-58) years, from patients They are expected to have typhoid 

infection ,the samples cultivating in Brain heart infusion broth bottles for blood culture ,SS agar and XLD agar. The fully grown 

colonies on the surface of the agar plate were identified as S. Typhi as reported by (14), the phenotypic characteristics of the 

isolated bacteria and biochemical tests were studied then the diagnosis was confirmed using the VITEK® 2 GN Gram-negative 

bacteria diagnostic kit (BioMerieux). 

- Biofilm formation methods 

Congo-red method 

     S. Typhi was inoculated into Congo red medium and incubated for 18 h at 37°C. and the plates were incubated at 37°C for 

(48-24) h. The appearance of black colonies is evidence of a positive test, while the pink colonies refer to negative result (15). 

Micro-titer plate method (MTP) 

      The susceptibility of all S. Typhi isolates to biofilm formation as described by (16) with an adjustment in the incubation 

time, which extended to 24 h according to (9) by activating these isolates on nutrient agar plates and incubating for 24 h at 37 

°C, and the test was carried out by adding 200 μl Tryptic soy broth(TSB) to each pit of microtiter plate and inoculating with 

the isolates by 50 μl (three repetitions in the vertical rows of the titration dish for each isolate separately and in succession for 

isolates from (1 to 48) , in addition to a negative control by adding 200 μl of the same sterile culture medium not inoculated 

with bacteria for three replicates in the last vertical row. Then the wells were dyed with crystal violet (0.1%) for 15 min., then 

the dye was removed by washing them three times with physiological salt and left to dry at room temperature, then 200 μl of 

glacial acetic acid were added at a concentration (33%), and then the optical density was read with an ELISA reader for all 

contents at a wavelength of 630 nm to determine the efficiency of the isolates in biofilm production. The calculations were 

done according to Table (1-1) (9).The experiment was carried out with three replications and the average value was adopted. 

Table (1-1) Classification of adhesion susceptibility of isolates 

Biofilm formation Mean of OD value at 630nm 

Non-biofilm (OD ≤ ODc ) 

Weakly biofilm  (ODc < OD ≤ 2× ODc ) 

Moderately biofilm   (2× ODc < OD ≤  4× ODc ) 

Strong biofilm   (4× ODc < OD )  

- Activation and preparation of the probiotic L. plantarum 

         The freeze-dried bean of the commercial probiotic L.plantarum from (Swanson) company ATCC 53103 was crushed 

individually by light pressure using a ceramic mortar sterilized by alcoholic flame (17), then transferred to 9 ml of prepared 

and sterilized MRS broth and incubated at 37°C. For a period of 24 h with the activation process repeated three times (18), the 

logarithm of the number of living suspended cells in addition to the reading of the Optical density was calculated according to 

the MacFarland (0.5). 

-Calculating the logarithm of the viable cells of the biostimulants used in the study 

    The logarithm of  of L. plantarum bacteria was calculated according to the method described by (19). The necessary  serial 

dilution  were performed using sterile peptone water tubes, by transferring 1 ml of MRS broth inoculated with the L. plantarum 

and making the necessary dilutions, then transferring 1 ml From the dilutions to the sterilized plates , the plates were poured 

using sterile MRS agar and the medium was mixed with the sampel. after solidification of the medium, the plates were 

transferred and   using anaerobic jars, emptied from the air and CO2 gas was pumped, then the container was placed in the 

incubator at 37°C for 48-72°C. An h (20), then the plates were taken out and the colonies formed were counted using a colony 

counter and the number of bacteria per ml was calculated by multiplying the colony rate * the reciprocal of the dilution and for 

three replications (21), and the numbers were converted to the logarithmic formula and through For its preparation / (CFU) 

Colony Forming Unit /(ml). 



         Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 1 ¦ 2022 705 

 

 

Preparation of probiotic bacteria CFS cell-free extract 

   The Cell Free Supernatant (CFS) filter for probiotic bacteria was prepared based on what was mentioned in (22), from isolates 

of L. plantarum, grown on MRS broth, and incubated at 37°C for 72 h under anaerobic conditions. Then 18,000 xg was 

centrifuged for 25 min. at 4°C to obtain the bacteria-free CFS. Then the suspension was filtered through millipore filters with 

a diameter of 0.22 μl. The CFS was kept refrigerated in sterile glass bottles to study the effect of its inhibitory activity by holes 

method against isolates of S. Typhi. 

- Detection of the inhibitory activity of suspended bacteria L. plantarum 

     The well diffusion method was used to detect the inhibitory activity of the suspension of L. plantarum, which prepared by 

growing the bacteria on MRS broth, while the suspension of S. Typhi was spread on the medium of Muller Hinton( MH) 

compared with the McFarland tube (0.5). By means of a cotton swab, using a sterile cork poorer, made holes with a diameter 

of 5 mm on the surface of the medium and then filled it with 50 μl of the prepared suspension. The occlusion was incubated at 

a temperature of 37°C for 18 h, then the areas of inhibition around the holes were measured and the results were recorded and 

compared with the control treatment containing MRS broth without any bacterial inoculum (23). 

- Detection of the inhibitory activity of L. plantarum CFS 

      The well diffusion method was used as mentioned by (10) to detect the inhibitory activity of the prepared L. plantarum 

CFS, while the suspension of S. Typhi was spread on MH medium after comparison with McFarland tube (0.5). By means of a 

cotton swab, using a sterile cork Poorer ,wells were made with a diameter of 5 mm on the surface of the medium in each plate, 

then filled with 50 μl of  the prepared CFS. It was compared with the control treatment containing MRS broth medium without 

any bacteria (24). 

Characterization of antimicrobial substances produced by L. plantarum 

The CFS was divided into five tubes as reported by (25): 

1. The first tube was treated with 1 mg/mL Trypsin to determine bacteriocin production. 

2. The second tube was changing to pH 6.5 ± 0.1 by adding NaOH. 

3. The third tube was treated with 0.5 mg/ml catalase for 30 min at 25°C to determine hydrogen peroxide production. 

4. The fourth tube was set to pH 6.5 ± 0.1 and treated with catalase and trypsin. 

5. The fifth tube was used as a positive control (untreated). 

The experiment was completed by testing the damping efficacy according to the method of diffusion  in the holes. 

- Detection of the effect of CFS produced by L. plantarum in inhibiting the production of biofilm produced by S. Typhi: 

  The experiment was conducted for each of the CFS and the suspended one to reveal their effectiveness in inhibiting or 

preventing the formation of the biofilm individually and at the same time by the method of microtiterate plates. Amodified 

method was used based on the method (9): 

  The most biofilm-producing isolates of S. Typhi were selected and activated on TBS  medium and incubated for 24 h at 37 

°C. The culture medium containing the activated isolates was added at a rate of 100 μl to each hole of the microtiterplate (in 

the amount of three wells of the vertical rows). From the titration plate for each isolate separately and in succession), then 100 

μl of the extracted CFS were added to the pits designated to study the effect of the CFS in inhibiting biofilm adhesion, and 100 

μl of the suspension were added to the pits containing the bacterial culture and designated to study the effect of the suspension 

in inhibiting biofilm adhesion, in addition To (negative control) by adding 200 μl of sterile and uninoculated culture media to 

three holes in the last vertical row, and to (positive control) by adding 200 μl of bacterial culture without additions to three 

holes in the first vertical row, and completed the experiment according to (9) The percentage of adhesion inhibition of 

pathogenic bacteria was calculated by applying the equation given by (26,27). 

% 𝒐𝒇 𝒃𝒊𝒐𝒇𝒊𝒍𝒎 𝒊𝒏𝒉𝒊𝒃𝒊𝒕𝒊𝒐𝒏 = 𝟏 −
𝑶𝒑𝒕𝒊𝒄𝒂𝒍 𝒅𝒆𝒏𝒔𝒊𝒕𝒚 (𝑶𝑫) 𝒐𝒇 𝒕𝒉𝒆 𝒊𝒏𝒉𝒊𝒃𝒊𝒕𝒐𝒓 𝒑𝒓𝒐𝒕𝒆𝒊𝒏

𝑶𝒑𝒕𝒊𝒄𝒂𝒍 𝒅𝒆𝒏𝒔𝒊𝒕𝒚 (𝑶𝑫) 𝒇𝒐𝒓 𝒑𝒐𝒔𝒊𝒕𝒊𝒗𝒆 𝒄𝒐𝒏𝒕𝒓𝒐𝒍 𝒕𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕
 

        100 samples were collected for age groups (1-58) years of patients with symptoms of typhoid fever, 40 faeces samples and 

60 blood samples, the results showed that 11 faeces samples (27.5%) and 37 blood samples (61.6%) were of the genus S. Typhi, 

with a total number of 48 samples (48%), of the total sample as shown in Table (1-4). This result agreed with the result of the 

study of (28), which collected samples during the epidemiological detection during the outbreak of the disease from the center 

In Al-Obaidi, for the period from 2002-2003, 58 isolates were out of a total of 144 isolates belonging to the cultivar S. Typhi, 

as it agreed with the results of (29), which appeared from 47 positive blood samples, 32 isolates belonging to S. Typhi, and to 

indicate the infection status in The whole country was resorted to the study of (30,31)which took place in the cities of Babylon 
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and Thi Qar, and the percentages were close to 24(68.57)%, 26 (59%) respectively. This study is close correlated with (28,32), 

where the serotype S. Typhi recorded the highest isolation rate of 61 (12.7%), 58 (47.1%), respectively. The agreement of the 

results with the different time periods and place of infection. This is due to the increase in health awareness and the lack of 

sufficient symptoms and old diagnostic methods, and on the other hand, neglect of health conditions by restaurants and street 

vendors, deterioration of food preservation in markets and shops, damage to drinking water networks and their inclusion in 

many areas of leaching. This leads to the entry of groundwater contaminated with sewage water and pollution Drinking water 

(33). 

Table (1-2) shows the number of isolates, infection rate and their sources 

 

 

 

 

      A study in India showed that the percentage of S.Typhi isolates was (35%), while in the United States of America the 

percentage of isolates was (25%) (34). The closeness of the isolation rates of S.Typhi in local and international studies with the 

different geographical location and environmental conditions of the source of isolation, may be due to several reasons, the most 

important of which is the misuse of antibiotics, whether the patient's use of drugs that prevent the growth of bacteria or those 

that are resistant to bacteria contributed greatly to their spread, Therefore, the tendency to conduct more studies on the S.Typhi 

that causes typhoid fever remains one of the important trends because it is one of the serious public health problems in many 

countries and developing ones in particular, as typhoid disease is considered a frightening disease because of the long duration 

and complications associated with it if it is not detected and treated early )33). 

    The microscopic examination of S. Typhi stained with Gram stain showed that they are Gram-negative rod-shaped cells, not 

forming spores. It is lactose-fermented and has an unpleasant odor on MacConkey. On S.S agar medium, it appeared as black 

colonies. Also, on XLD medium, the colonies had a black center because they produced H2S as in Figure (1-1). 

   

MacConkey agar XLD agar SS agar 

Figure (1-2) shows the growth of S. Typhi colonies on differential media 

     The diagnosis of the isolates was confirmed by VITEK 2 compact system using the negative card (GN ID card). The results 

were in agreement with the results of the biochemical tests. 48 isolates belong to the serogroup S. Typhi. Using the card for 

Gram-negative bacteria gives greater diagnostic accuracy through the 43 test and through within 5-8 h, the isolates with a high 

accuracy of 99% (35). 

 

Results of qualitative and quantitative detection of biofilm formation of S. Typhi 

1) Qualitative methods: The Congo red method is considered a qualitative method because it shows isolates, productive 

or non-productive (36) and as shown in Figure (1-3). 

 

Figure (1-3): The Congo Red Method 

      The study showed that 3 isolates were producing biofilm using the Congo red method at a rate of (6.25%) and as mentioned 

in Table (1-3). According to (37) study findings, this approach revealed that 29 out of a total of 82 isolates were highly bio-

source of isolation No. Number and percentage of S. 

Typhi isolates 

The blood 60 37 ) 77(% 

Faeces 40 11 (22.9 )%  

The total 100 48 (48  )%  
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producing.The micro-titer plate method is more accurate and sensitive in studying biofilm production than the Congo Akar 

method, this was confirmed by(38), because the Congo Akar method is affected by oxygen and incubation conditions. 

Quantitative method (Micro-titer plate):This test is a quantitative assay to detect the ability of biofilm formation, as it gives a 

digital value of the absorbance at a wavelength (630) nm using an ELISA reader to determine the amount of live films formed 

by adhesion to the surfaces of the microtiterplate. The absorbance represents the thickness of the live films formed by the 

isolates.Crystal violet dye is also used in this method, which is a basic dye that has the advantage of attaching it to negatively 

charged molecules on the cell surface as well as nucleic acids and polysaccharides, and thus it gives acomprehensive measure 

of the entire bio-membrane and gives the result of whether the bacteria are motile or non-motile (39), and from it is worth 

noting that the biofilm composed of Salmonella on the walls of the wells because the Salmonella bacteria have motile (fimbria, 

polar flagella) compared to non-motile bacteria such as Staphylococcus aureus that form the biofilm at the bottom (40). 

     The results of the study showed that 46 (95.83%) produced biofilm by titration method with different production rates from 

strong 42 (87.5%) ,moderate 3 (6.25%)  to weak biofilm formation (2.1%) as shown in Table (1-4) ) The difference in thickness 

of biofilms is due to various reasons such as differences in the ability of biofilms; perhaps the initial number of bacteria that 

succeeded in adhesion, the qualitative and quantitative differences induced QS quorum sensing signaling molecules produced 

from each isolate (41). 

    The results of the study agreed with the study of researcher (32), as the production rate of his isolates by this method reached 

(93.75%) with 15 isolates out of a total of 16 isolates, while it differed with the study of (42) in Malaysia, where the production 

of his isolates in this way was (28.33). %) 29 out of 60 isolates from the gallbladder, in which it was mentioned that the presence 

of S. Typhi frequently is associated with the presence of (GSD) gallstone disease and without symptoms in the case of the 

human carrier and is generally localized in the gallbladder, as it is not believed in this case that it is necessary for its development 

as it attracts bacteria that invade and then spread intracellular, colonize and persist as a biofilm on gallstone disease (GSD). The 

spread of bacteria through urine and feces, especially in the host human chronic infection with S. Typhi, epidemiological studies 

conducted in areas endemic with S. Typhi, such as Chile, Bolivia, Ecuador as well as some areas of India, Pakistan and Japan 

and Korea, nearly 90% of carriers with chronic infection have also been shown to be gallstone carriers, and this association is 

termed as the major predisposing factors for the development of GC (gallbladder cancer) (6, 43). 

      In this study and many other studies,(39) in Ethiopia revealed the substances that inhibit or kill alternative antibiotics and 

substances that affect biofilm construction were found. Therefore, this study came to probiotic bacteria and their products as a 

safe, effective and cost-effective alternative. 

Table (1-4) shows the biofilm productivity by the two methods of micro titration plate and Congo red 

Congo red method Micro titer plate method biofilm formation No. 

(4.17  )%2  (87.5 %)  42 strong 1 

0 ( 6.25 %) 3 moderate 2 

(2.1   )%1  (2.1 %) 1 weak 3 

(256.  )%3  (95.83 %) 46 Total 

The inhibit activity of the probiotic L. plantarum against S.Typhi . 

     The impact of suspended and CFS together for L. plantarum probiotic against S. Typhi bacteria were studied. Three highly 

biofilm-forming isolates were selected, which were named S.t1, S.t.3, and S.t.2 and the statistical analysis showed significant 

differences. Clear with a significant level of significance (P > 0.05) between the inhibitory effects of the studied components 

of both types of lactobacilli on the isolates of S. Typhi as in Figure (1-5). 

 

Figure (1-5): The inhibition zone of L. plantarum CFS 

1: L. plantarum suspended ,2: L. plantarum CFS ,3:C- (MRS broth),4: Chloramphenicol 

       The inhibition zone of L. plantarum suspension with a diameter of 17 and 18 mm against isolates S.t.1 and S.t.2, 
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respectively, while the lowest inhibition zone was with a diameter of 15 mm for the two isolates S.t.2 and S.t.3 caused by the 

effect of suspended bacteria L.plantarum as in Table (1- 5), and as a result of the results shown, the L. plantarum CFS was 

approved in subsequent experiments to inhibit and kill S. Typhi and prevent it from forming a biofilm. 

Table (1-5) Inhibitory activity of L. plantarum against S.Typhi 

L.plantarum  

Isolates suspension CFS  

16mm 17mm S.t.1 

15 18 S.t.2 

15 16 S.t.3 

        The results showed that L. plantarum has a clear inhibitory effect towards S.Typhi, but there is a discrepancy in this effect 

according to the type of isolate, as the diameters of the highest inhibition were for the CFS, which includes many inhibitory 

and lethal substances for pathogens, due to its production of secondary metabolic products such as microbial antibiotics,such 

as bacteriocins (11). It contains lactic acid and Biosurfectant (BS), in addition to its fermentation products (44).as for the 

inhibitory activity of the suspension against S. Typhi bacteria, because it contains live cells that have a competitive role with 

pathogenic bacteria by competitive exclusion against pathogens on the adhesion site and prevent their assembly (45), in addition 

to the components of the CFS that kills pathogenic bacteria that work together in a synergistic way to kill and prevent the 

growth or accumulation and adhesion of pathogenic bacteria (46), which also confirmed that there is a clear effect of the extract 

of lactobacilli on the DNA of the albicans by destroying the DNA, and that such an effect does not go away with the 

disappearance of the effect. Antifungals used in the treatment of these candida. 

   The results were in agreement with what was obtained (47) when using quinoa at a rate of 4% synbiotically with the probiotics 

L. rhamnosus (GG) and L. plantarum separately against some types of pathogenic bacteria, including Gram-negative pathogens. 

S. enterici serovir typhimurium The diameter of the inhibition halos was (16) mm for each of the two species. 

     L. plantarum produces an antimicrobial (dipeptide bacteriocins) Plantarici (48) which is a heat-resistant and antimicrobial 

protein for a number of food spoilage-causing Gram-positive and Gram-negative pathogens such as Listeria spp. L. plantarum 

also produces an antimicrobial role. In its competition with pathogenic bacteria for the place of attachment in the body (49), L. 

plantarum produces another antimicrobial, Bacteriocin SLG10, with properties that resist heat, pH, and the digestive enzymes 

Trypsin and Pepsin (50). 

    The use of lactobacilli and its filters was better than the use of the antibiotic itself in the study (51), explaining the reason 

that the use of these bacilli is safe and far from many of the side effects associated with antibiotics, and on the other hand, the 

emergence of resistant strains of these antibiotics in addition to their deadly effect on bacteria Antibiotic-resistant disease is a 

successful alternative to antibiotics, and this is consistent with what was mentioned (52). 

Characterization of the antigens produced by L.plantarum 

     Based on what was shown in the results of the experiments in this study that Lactobacillus is characterized by antimicrobial 

activity due to their ability to produce antimicrobial substances, such as organic acids, hydrogen peroxide, bacteriocins and the 

rest of the produced substances that have a similar inhibitory spectrum, the results showed that the inhibitory effect against 

S.Typhi bacteria was mainly due to bacteriocin. When Trypsin was added to the crude leaf, the action against the microbial was 

inactivated (no inhibition aura appeared), but in the absence of Trypsin, the result was the appearance of an inhibitory action, 

while organic acids and Hydrogen peroxide has a secondary role, not a primary one, which is to enhance the role of bacteriocin, 

because the inhibition halos persisted even when the pH was titrated to (0.6 ± 0.1) using NaOH and treated with Catalase as 

shown in Figure (1-6). 

 

Befor incubation                                                       After incubation 

Figure (1-6): shows the inhibitory effect of supernatent on S. Typhi. 
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     The results of the study agreed with (46) that bacteriocin produced by L.acidophilus has a strong inhibitory action against 

Psudomonas aerogenosa, S.aureus and E.coli, In another study, it was found that bacteriocin extracted from L.acidophilus has 

a deadly activity against multiple antibiotic-resistant bacteria isolated from the throats of patients suffering from upper 

respiratory tract infections (53). It also agreed with the study of (54), which confirmed that the inhibitory effect of Lactobacillus 

on multi-antibiotic resistant E.coli isolated from children with diarrhea was the effect of bacteriocin only. It also agree with 

(47) study on L. rhamnosus (GG) and L. plantarum which had an inhibitory effect on a group of pathogenic bacteria resistant 

to Gram-positive and Gram-negative antibiotics, like S.aureus, B.cereus, E.coli O157:H7, and S.enterici serovir typhimurium. 

While it disagree with (55), represented inhibitory effect of bacteriocin produced by L. acidophilus had very little effect on P. 

aeruginosa. 

Inhibition of biofilm formation by L.plantarum (CFS) 

     CFS filter L. plantarum was used to inhibit the adhesion and formation of biofilm formed by S. Typhi bacteria by micro titer 

plate method as in Figure (1-7). 

 

Biofilm formation without suspension Biofilm formation with suspension 

Figure (1-7): Inhibition of the biofilm formed by S. Typhi bacteria with CFS produced by L.plantarum bacteria 

Figure (1-7) showed that L. plantarum CFS had the ability to remove the biofilm formed by S. Typhi  bacteria on the inner 

surface of the micro titration plate, which is the most accurate and best method in detecting the formation or inhibition of the 

biofilm and bacteria adhesion (56), the results in Table (1-6) showed that CFS CFS produced by L. plantarum had the ability 

to inhibit biofilm formation by 20 S. Typhi isolates in comparison with the positive control reading (S. Typhi cultured on TSB 

media). Without the CFS, the highest inhibition was 98.0% towards isolate S.T.6 and the lowest was 96.2% towards isolate 

S.T.15. 

Table (1-6): shows Inhibitory activity of of L. plantarum′s suspension 

Percentage of biofilm 

inhibition 

AV of OD NO 

 ----- 2.979 C+ 

96.8% 0.075 S.T.1 

96.5% 0.082 S.T.2  

96.3% 0.088 S.T.3 

96.6% 0.081 S.T.4 

96.3% 0.088 S.T.5 

98.0% 0.048 S.T.6 

96.8% 0.077 S.T.7 

96.8% 0.075 S.T.8 

97.3% 0.063 S.T.9 

97.1% 0.068 S.T.10 

96.2% 0.089 S.T.11 

97.2% 0.066 S.T.12 

97.1% 0.069 S.T.13 

96.4% 0.086 S.T.14 

96.2% 0.089 S.T.15 
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12.063 **  --- LSD value 

* (P≤0.05). 

 

    The results of the study agree with(57), who showed that CFS components of L. plantarum comprising bacteriocin and 

biosurfactant have anti-adhesion activity, thus preventing biofilm formation when treating a group of multi-antibiotic-resistant 

bacteria,(26) that it has anti-microbial activity, the highest inhibition rate was 70% against S.aureas. It also agreed with the 

study of (58), which confirmed that L. plantarum works to reduce biofilm formation in two types of pathogenic bacteria 

S.typhimurium and E.coli to a significant extent and also works to dismantle membrane components and instability by removing 

the membrane components. Its polarization thus dismantled it. While it differed with the study (59), which stated that the 

lactobacilli inCFS is not sufficient to inhibit the adhesion of some pathological bacteria in the digestive system, including E.coli. 

     Crude bacteriocin depends on a special inhibitory mechanism, as it can bind to the surfaces of most types of pathological 

cells as a result of having a large amount of affinity towards the components of the walls of many pathogenic bacteria causing 

damage by more than one mechanism. The membrane, which leads to a loss of ions and energy, as evidenced by the influx of 

potassium ions K+ out of the target cell, and after 30 seconds of exposure of the target cell to bacteriocin, this leads to the flow 

of other cytoplasmic contents and then the death of the cell. As a result of its final destruction and death (60), it is also effective 

at pH 4.2-8.0, and it has an inhibitory and deadly spectrum for a number of pathogenic bacteria and food pollutants, including 

(S. aureus, S. typhimurium, B. cereus, and E. coli , B. subtilis and Listeria innocua), and is not affected by the enzymes 

Lysozyme and Catalase, but they are destroyed by protease enzymes such as Pepsin and Trypsin and Papin, used to preserve 

and extend the shelf life of foodstuffs (Shelf-life) . (61) also mentioned that CFS L. plantarum CFS contains active substances 

called biosurfactant (BS). BS can be defined as glycoproteins (with a high content of proteins), which produce biologically 

active surface factors in the stabilization phase as in BS produced from L. plantarum bacteria, its protein content is the important 

part in the process of inhibiting surface binding and has a major role in reducing surface tension when adding this substance to 

surfaces or solutions associated with other factors, including pathogens, as these proteins compete with the receptors of other 

factors to bind to surfaces and replace them. As mentioned by(6), the highest activity of BS at pH ranges between 3 - 7.4 and 

at a temperature of 25 °C, and its effectiveness is not specialized and has a wide spectrum in influencing the adhesion of 

pathogens to surfaces (62), that L. plantarum′s CFS capable of raising the level of active oxygen and depolarizing the biofilm 

and destroying the wall of the pathogenic bacteria S. Typhi, thus its death and destruction of the biofilm and the release of 

cellular materials, in addition to its impact on the ability of adhesion, movement and ability to form biofilm with a significant 

removal rate, for this it can Presentation of CFS CFS of L. plantarum as a health and therapeutic probiotic factor applicable in 

multiple uses in industrial applications and biological activities in addition to its uses in other fields (26). 

 

Conclusions: 

       The results showed that the CFS of L.plantarum was able to inhibit biofilm formation by microtiter plate method, as a result 

of the effectiveness of the CFS components produced by L.plantarum bacteria, which are able to raise the level of active oxygen, 

depolarize the biofilm and destroy the wall of S. Typhi, thus its death and destroying the biofilm by releasing cellular materials, 

in addition to affecting the ability of adhesion, movement and the ability to form the biofilm with a significant removal rate, 

for this reason, the suspension of L. plantarum bacteria can be presented as a viable healthy and therapeutic probiotic antibiotic. 
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