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Abstract: Salmonella typhimurium and Staphylococcus epidermidis biofilm persistence was investigated on 

the plastic surface with different concentrations of chlorinated water. The quantification of bacteria biofilm 
persistence was performed with 1/20 diluted trypcase soy broth (1/20-TSB) in plastic microtitre plates. The 
optical densities were determined in each well. The maximal inhibitory activity (IA) was 88.102 for Salmonella 
typhimurium and 92.522 for Staphylococcus epidermidis. Higher IA values were obtained at each concentration 
of chlorinated water for Staphylococcus epidermidis than Salmonella typhimurium. Both strains have shown 
their ability of persistence when they form biofilm and the inefficiency of the common dilution of chlorinated 
water (50- 200 mg/L) to eliminate them completely. The results show that the flagellated Gram-negative 
bacterium, Salmonella typhimurium persistence to the disinfectant agent was higher than the Gram negative 

cocci, Staphylococcus epidermidis in plastic surface. However the effect of the disinfectant agent was not 
statistically different between the two strains. 
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Introduction 

Salmonella typhimurium and Staphylococcus epidermidis are important pathogens responsible for 
nosocomial infections. These bacteria are transmitted by food; hence appropriate hygienic safety is needed. 
Numerous studies have shown that these bacteria are capable of adhering and forming biofilm on metal, glass or 
rubber surfaces1,2,3. Salmonella as staphylococcus species have been described as environmental persisters4,5. 

The conventional cleaning and sanitation used to eradicate planktonic bacteria may fail with the same strains in 
biofilm. Previously published reports have suggested that Salmonella typhimurium as Staphylococcus 
epidermidis can remain on surfaces and equipments used for handling and washing raw meat. Conventional 
cleaning and sanitation become ineffective to eradicate the bacteria from such surfaces6.  

The chlorinated water is commonly used to wash fruits, cru food and disinfect food equipment and 
substrate surfaces. At present, chlorine at a concentration of 50–200 mg/L is the primary postharvest sanitizing 
agent in routine use in the fresh produce industry3,7. This concentration of chlorine is usually ineffective to 
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eliminate pathogens from leafy vegetables8,9. The presence of bacterial biofilms in medical devices, equipment 
and food processing plants is indicative of a potential source of external contamination10. Chlorine treatment at 
a concentration of 200 mg/L of inoculated lettuce, for instance, reduced less than 2 log of either Listeria 
monocytogenes, E. coli O157:H7 or Salmonella population11. Chemical treatments, such as calcium or sodium 
hypochlorite, hydrogen peroxide, ethanol, and a variety of detergents partially reduced the populations of the 
pathogens on surfaces when they form biofilm12. In the present report, we studied the inhibitory activity of 

chlorinated water in order to elucidate its antimicrobial effect degree against bacilli Gram-negative and cocci 
Gram positive microorganisms on plastic surface. 

Materials and Methods 

Bacterial Strains and culture conditions  

Two strains, isolated from infants, were used in this study: Salmonella typhimurium and Staphylococcus 
epidermidis. The two strains were isolated in the course of routine specimen testing in CHU Kara and were 

confirmed in CHU Campus bacteriology laboratories in Togo. Preliminary identification of the isolates was 
based on the Gram stain, morphological and cultural characteristics, catalase, oxydase, coagulase, 
thermonuclease reaction and hydrolysis of esculin. Isolates with typical cultural characteristics were further 
identified by conventional biochemical testing and serologic typing. Serogrouping was performed with 
polyvalent Salmonella antiserum followed by specific O and H antiserum. Antisera were purchased 
commercially from “Lab Kit”. 

The strains were stored at -70°C in trypcase soy broth (TSB; Bio-Mérieux, Charbonnières les Bains, 
France) containing 12.5% glycerol. For inoculation, all strains were transferred from the stock cultures into 
TSB and incubated overnight at 30°C. All strains were subsequently subcultured one more time under the same 
conditions. The grown cultures were used for inoculation into medium poured into the wells of plastic 
microplates for subsequent quantification of biofilm production. 

Medium design and quantification of biofilm formation on plastic surface  

The medium used in this study was 1/20 diluted TSB autoclaved 25 min at 116°C. Quantification of 
biofilm production in plastic microtitre plates was based on the previously described method [13]. The wells of 
a sterile 96-well flat-bottomed polystyrene microplate (Falcon, Becton–Dickinson Labware, Frankin Lakes, NJ, 
USA; not prepared by the manufacturer for tissue culture work), were filled with 230 µl of the 1/20-TSB 
medium. A quantity of 20 µl of overnight bacterial culture was added into each well. Each strain was tested in 

triplicate and the manipulation was performed in duplicate in micro-plates separately. One of the manipulations 
was used for microscopy and the second for the inhibitory activity (IA) determination. The plates were 
incubated aerobically for 24 h at 30°C. The content of the plates was then poured off and the wells washed three 
times with 350 µl of sterile distilled water to remove non-adherent bacteria to the polystyrene surface. 

Fluorescent Microscopy  

The remaining attached bacteria were fixed with 300 µl of methanol per well, and after 15 min micro-
plates were emptied and air dried. The micro-plates were stained with 300 µl per well of Crystal violet used for 
Gram staining (Gram-colour staining set for microscopy; Merck) for 5 min. Excess stain was rinsed off by 
placing the micro-plate under running tap water.  

Strain persistence and Inhibitory Activity of chlorinated water  

After the micro-plates washed were air dried, the dye bound to the adherent cells was used to study the 
inhibitory activity of chlorinated water.   

Sensitivity of Salmonella typhimurium and Staphylococcus epidermidis was expressed as the inhibitory 
activity, which was determined by the micro-dilution assay previously described by Naghmouchi K et al. 

(2010) [14] using sterile flat-bottom 96-well polystyrene microplates (Falcon, Becton–Dickinson Labware, 
Frankin Lakes, NJ, USA). The Microplates were loaded with 300µl of 1.5 serial dilutions of disinfectant agent, 
sodium hypochlorite (NaClO) starting at 1500 mg/L (or 3 times the concentration of commercial solution). 
After 10 minutes, the content of the plates was poured off and the wells washed with 350 µl of sterile distilled 
water to remove the inactivated bacteria to the polystyrene surface by the disinfectant. Then, 300 µl of 
phosphate buffer (PB) were distributed in each well and plates were vortexed for 10 minutes to remove the 
remained attached bacteria.   
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Optical densities were read at 600 nm using a Multidetection microplate reader (Technicon, Bio-
Mérieux, France). Controls (wells inoculated with the tested culture without added disinfectant agent) were run 
on each microplate. The microplate assay was repeated at least three times for each disinfectant/bacterial 
combination, and the IA was the average of the three independent repetitions. 

Based on the OD produced by bacterial films at each concentration of chlorinated water, strains were 
classified into the following categories: no biofilm persistence, weak, moderate or strong biofilm persistence, as 
previously described13. But the particularity of this study was to evaluate the bacterial persistence; so the OD 
given by the low concentration of chlorinated water was used to define the cut-off OD. Briefly, the cut-off OD 
(ODc) was defined as three standard deviations under the mean OD of the high serial dilution. Strains were 
classified as follows:  

OD ≤ ODc : no biofilm persistence, ODc < OD ≤ (2 x ODc) : weak biofilm persistence, (2 x ODc) < 
OD ≤ (4 x ODc) : moderate biofilm persistence and (4 x ODc) < OD: strong biofilm persistence.  

The inhibitory activity (IA) of chlorinated water was calculated as a percentage as follows: IA=100-
100[OD600(x)/OD600(i)], where x is the culture containing disinfectant and i is the control culture. 

Statistical analyses 

Statistical analyses were performed using the software JMP (SAS Institute Inc.version 5.0.1a, Cary, 
NC, USA) and Minitab (release 14.2, Minitab Inc., PA. USA).  

Results 

Quantification of the strains persistence to the disinfectant agent  

The strains persistence to chlorinated water was quantified in microtitre plates at different 
concentrations starting at 39 mg/L to 1500 mg/L. Corresponded OD600 values discarded were respectively 
ranged decreasing from 1,015 + 0,080 to 0,121 + 0,020 for Salmonella typhimurium and from 0,985 + 0,084 to 

0,078 + 0,012 for Staphylococcus epidermidis (Table I). At the concentrations above 296 mg/L for 
Staphylococcus epidermidis and 667 mg/L for Salmonella typhimurium, the optical densities were respectively 
under the ODc values (0,252 and 0,240) meaning that there was no biofilm persistence. At concentrations 
between 198-296 mg/L and 296-667 mg/L respectively for Staphylococcus epidermidis and Salmonella 
typhimurium, ODc < OD ≤ (2 x ODc), there was weak biofilm persistence. At concentrations between 39-198 
mg/L and 132-296 mg/L respectively for Staphylococcus epidermidis and Salmonella typhimurium, (2 x ODc) 
< OD ≤ (4 x ODc), there was moderate biofilm persistence. Under 39 mg/L and 132 mg/L respectively for 

Staphylococcus epidermidis and Salmonella typhimurium, (4 x ODc) < OD, there was strong biofilm 
persistence.  

Table I : Salmonella typhimurium and Staphylococcus epidermidis biofilm quantification 

Chlorinated water 

concentrations (mg/L) 

                      Biofilms quantification 

  

Salmonella typhimurium 

(Mean OD/Standard deviation) 

Staphylococcus epidermidis 

(Mean OD/Standard deviation) 
-  1,017* 1,043* 

39 1,015 + 0,080 0,985 + 0,084 
59 1,017 + 0,081 0,985 + 0,084 
88 1,004 + 0,070 0,968 + 0,075 
132 0,952 + 0,069 0,821 + 0,055 
198 0,782 + 0,066 0,569 + 0,062 

296 0,587 + 0,067 0,265 + 0,029 
444 0,429 + 0,038 0,147 + 0,019 
667 0,235 + 0,028 0,088 + 0,010 

1000 0,129 + 0,020 0,077 + 0,011 
1500 0,121 + 0,020 0,078 + 0,012 

-* (Chlorinated free PBS) 
- Salmonella typhimurium ODc = 3 x 0,080 x 3 = 0,240 
- Staphylococcus aureus ODc = 3 x 0,084 x 3 = 0,252    
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Figure 1: Profile of Salmonella typhimurium and Staphylococcus epidermidis biofilms persistence at different 
concentrations of chlorinated water.     

On the other hand, the figure 1 shows the OD profile of Salmonella typhimurium biofilm above the 
profile of Staphylococcus epidermidis. 

Effect of disinfectant agent on biofilm formation    

Table II : The Inhibitory Activity of chlorinated water on Salmonella typhimurium and  

Staphylococcus epidermidis biofilms 

Chlorinated water 

concentrations (mg/L) 

                                 Inhibitory Activity (IA)  

  

Salmonella typhimurium 

 

Staphylococcus epidermidis 

 
- 0 0 

39 0,197 5,561 
59 0 5,561 
88 1,278 7,191 
132 6,391 21,285 
198 23,107 45,446 

296 42,281 74,592 
444 57,817 85,906 
667 74,926 91,563 

1000 87,316 92,617 
1500 88,102 92,522 

 

The maximal IA was 88.102 for Salmonella typhimurium and 92.522 for Staphylococcus epidermidis 
(Table II). Higher IA values were obtained at each concentration of chlorinated water for Staphylococcus 
epidermidis than Salmonella typhimurium. However the effect of the disinfectant agent was not statistically 
different between the two strains. The main findings regarding the effect of chlorinated water at different 
concentrations against aforementioned bacterial biofilms are shown in figure 2. The low inhibitory effects of 

chlorinated water started significantly at final concentrations of 132-198 mg/L and 198-296 mg/L respectively 
for Staphylococcus epidermidis and Salmonella typhimurium. The high IA of chlorinated water was obtained at 
final concentrations of 444 and 667 mg/L respectively for Staphylococcus epidermidis and Salmonella 
typhimurium. For the two strains, significant differences were observed (One-way ANOVA, p < 0.001) between 
the IA of chlorine extreme values.     
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Figure 2: Profile of the Inhibitory Activity of chlorinated water on Salmonella typhimurium and 
Staphylococcus epidermidis biofilms 

Discussion 

Chlorinated water was commonly use for cleaning and sanitation but to our knowledge, no study has 
been undertaken in developing countries to clarify its effectiveness against resistant bacteria. Now, it is well 
known that microorganisms in biofilm are less susceptible to antibiotics and disinfectant agents than when they 
are floating in solution15,16,17. This study was to evaluate the persistence of some environmental strains to 
disinfectant agents.    

As a cleaning agent, chlorine is very effective in removing protein residues and, to a lesser extent, 
carbohydrate material from contaminated surfaces. Cleaning with chlorine removes visible soil and/or food 
particles from processing equipment and physically reduces the microbial load. The efficacy of chlorine as a 

bactericidal agent is affected by the pH value of the solution and the amount of organic material present18,19. In 
practice, the efficacy of chlorine in reducing bacterial levels decreases with increasing pH and increasing 
organic load. During cleaning, organic loads are usually high and alkaline detergents are often used; therefore, 
chlorine has little antimicrobial activity under these circumstances, and there is little or no hypochlorous acid 
formed at pH 7.0 or above. The pH values most conducive to the formation of hypochlorous acid are in the pH 
range 4.0-6.019,20,21; so our study was performed in these conditions. 

The reason for the lack of sanitizer effectiveness is still unknown, but was thought to be due to 
reduction of the oxidizing power of the chlorine by the high organic load of animal carcasses or plants22,23, or 
lower accessibility of the target pathogen, that could be achieved by either internalization of the organisms into 

the tissues, or aggregation and biofilm production on the surfaces. The aim was to determine appropriate 
concentration of chlorinated water that can be use for an efficient cleaning of plastic surfaces commonly used in 
food industries and hospitals. After 10 min, attached cells that were able to produce the biofilm matrix were 
more resistant to the disinfection treatments for concentrations less than 132 mg/L and 198 mg/L respectively 
for Staphylococcus epidermidis and Salmonella typhimurium (Table 1). The profiles of biofilms formations 
decreased significantly at chlorinated water concentrations ranged from 132 mg/L to 444 mg/L for 
Staphylococcus epidermidis and from 198 mg/L to 667 mg/L for Salmonella typhimurium. These observations 
prove that we need almost the commercial disinfectant concentration (500 mg/L) to eliminate completely 

persistent Staphylococcus epidermidis strains. This result also suggested that even non-diluted solution of 
commercial chlorinated water can’t eliminate completely persistent Salmonella typhimurium.          

Although there is no statistical difference in the inhibitory activity of the disinfectant agent between the 
two strains, the evaluation of biofilm formation by Salmonella typhimurium and Staphylococcus epidermidis in 
this study revealed that these strains possess a high capacity for biofilm formation on plastic surfaces, in terms 
of resistance. The maximal IA was 88.102 for Salmonella typhimurium and 92.522 for Staphylococcus 
epidermidis. These results confirm previous findings, which showed that Salmonella typhimurium and 
Staphylococcus epidermidis are able to form biofilm on plastic surfaces24,25,26,27,28. However, the significance of 
this study originates from the fact that we employed essentially a Gram-negative bacillus and Gram positive 

cocci in the investigation. It has been previously shown that micro-organisms, including Salmonella 
typhimurium and Staphylococcus epidermidis strains, adhere in higher numbers to more hydrophobic 
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materials29,30,,31. As adhesion is the first step in complex process of biofilm formation31; this could be one 
possible explanation for the ability of these bacteria to produce biofilm in high numbers on plastic surface.        

A biofilm is a structured consortium of bacteria embedded in a self-produced polymer matrix consisting 
of polysaccharide, protein and DNA5. Bacterial biofilms cause chronic infections because they show increased 
tolerance to antibiotics and disinfectant chemicals as well as resisting phagocytosis and other components of the 
body’s defense system. The persistence of, for example, staphylococcal infections related to foreign bodies is 
due to biofilm formation. Likewise, chronic Pseudomonas aeruginosa lung infection in cystic fibrosis patients 
is caused by biofilm-growing mucoid strains. Characteristically, gradients of nutrients and oxygen exist from 

the top to the bottom of biofilms and these gradients are associated with decreased bacterial metabolic activity 
and increased doubling times of the bacterial cells; it is these more or less dormant cells that are responsible for 
some of the tolerance to disinfectant agents32,33,34. However, obtained results, even not significant statistically, 
showed that there are differences between the quantities of biofilm produced by the tested Salmonella 
typhimurium and Staphylococcus epidermidis strains. The greater biofilm production by Salmonella 
typhimurium than that by Staphylococcus epidermidis could be in agreement with the published superiority of 
Gram negative bacteria to form biofilm on inert surfaces35,36. In general, it is assumed that glass and stainless 

steel are hydrophilic materials while rubber and plastic are hydrophobic materials30,31. Consequently, 
Salmonella strains seem more hydrophilic; hence adhere and form more biofilm on plastic surfaces than 
Staphylococcus. On the other hand, Salmonella as most Gram negative bacilli possess flagella, pili and curli 
witch are determinant elements in the exopolysaccharides formation.  

Conclusion 

This study demonstrated that Salmonella typhimurium and Staphylococcus epidermidis, food-borne 
pathogens, readily form biofilm on plastic surfaces, which are nowadays frequently used in food-processing 
environments. The two strains are commonly involved in nosocomial infections. These bacteria have the 

potential to spread through fecal waste, potentially contaminating both farm workers and processing plants, 
food, or the natural environment. An understanding of resistant-bacterial infection to human must take into 
account the effect of film formed on any substrate, commonly used in food processing environment and in 
hospitals. This is essential in order to find ways to prevent contamination and to develop strategies of efficient 
use of chlorinated water for cleaning and sanitation.  

Acknowledgements 

We are grateful to the Islamic Development Bank (IDB) for the fellowship support.  

References 

1. Götz Friedrich. 2002. Staphylococcus and biofilms. Molecular Microbiology. 43: 1367–1378. 
2. Stepanonovic S, Cirkovic I, Ranin L, Svabic-Vlahovic M. 2004. Biofilm formation by Salmonella spp. 

and Listeria monocytogenes on plastic surface The Society for Applied Microbiology, Letters in Applied 
Microbiology. 38: 428–432, doi:10.1111/j.1472-765X.2004.01513.x 

3. Corcoran M, Morris D, De Lappe N, O’Connor J, Lalor P, Dockery P, Cormican M. 2013. Commonly 
used disinfectants fail to eradicate Salmonella enterica biofilm from food contact surface materials. Appl. 
Environ. Microbiol. doi:10.1128/AEM.03109-13. 

4. White A, Gibson D, Kim W, Kay W, Surette M. 2006. Thin aggregative fimbriae and cellulose enhance 
long-term survival and persistence of Salmonella. J Bacteriol. 188: 3219 - 3227. 

5. Hamadi F, Asserne F, Elabed S, Bensouda S, Mabrouki M, Latrache H. 2014. Adhesion of 
Staphylococcus aureus on stainless steel treated with three types of milk. Food Control. 38: 104-108. 

6. McKee S, Townsend J, Bilgili S. 2008. Use of a Scald Additive to Reduce Levels of Salmonella 
Typhimurium During Poultry Processing. Poultry Science. 87: 1672-1677. 

7. Beuchat LR, Nail BV, Adler BB, Clavero MR. 1998. Efficacy of spray application of chlorinated water in 

killing pathogenic bacteria on raw apples, tomatoes, and lettuce. J. Food Prot. 61: 1305–1311. 
8. Mangalappalli-Illathu A, Korber D. 2006. Adaptive resistance and differential protein expression of 

Salmonella enterica serovar Enteritidis biofilms exposed to benzalkonium chloride. Antimicrob Agents 
Chemother. 50: 3588 - 3596. 



Essoh Ayimba et al /Int.J. PharmTech Res.2014,6(6),pp 1846-1853. 1852 

 

9. CabeÇa TK, Pizzolitto AC, Pizzolitto E. 2006. Assessment of action of disinfectants against Listeria 
monocytogenes biofilms. Brazilian Journal of Food and Nutrition. 17: 121-125. 

10. Byrd JA, Hargis BM, Corrier DE, Brewer RL, Caldwell DJ, Bailey RH, McReynolds JL, Herron KL, 
Stanker LH. 2002. Fluorescent marker for the detection of crop and upper gastrointestinal leakage in 
poultry processing plants. Poult,y Science. 81: 70-74. 

11. Lang MM, Harris LJ, Beuchat LR. 2004. Survival and recovery of Escherichia coli O157:H7, 

Salmonella, and Listeria monocytogenes on lettuce and parsley as affected by method of inoculation, time 
between inoculation and analysis, and treatment with chlorinated water. J. Food Prot. 67: 1092–1103. 

12. Gandhi M, Golding S, Yaron S, Matthews KR. 2001. Use of green fluorescent protein expressing 
Salmonella Stanley to investigate survival, spatial location, and control on alfalfa sprouts. J. Food Prot. 
64: 1891–1898. 

13. Stepanovic S, Vukovic D, Dakic I, Savic B, Svabic-Vlahovic M. 2000. A modified microtiter-plate test 
for quantification of staphylococcal biofilm formation. Journal of Microbiological Methods. 40: 175-179. 

14. Naghmouchi K, Drider D, Baah J, Teather R. 2010. Nisin A and Polymyxin B as Synergistic Inhibitors of 
Gram-positive and Gram-negative Bacteria. Probiotics & Antimicro. Prot. 2: 98–103. 

15. Knobloch JK, Bartscht K, Sabottke A, Rohde H, Feucht HH, Mack D. 2001. Biofilm formation by 
Staphylococcus epidermidis depends on functional RsbU, an activator of the sigB operon: differential 
activation mechanisms due to ethanol and salt stress. J Bacteriol. 183: 2624-2633. doi: 
10.1128/JB.183.8.2624-2633.2001. 

16. Lewis K. 2007. Persister cells, dormancy and infectious disease. Nature Reviews Microbiology. 5: 48-56. 
17. Elexson N, Afsah-Hejri L, Rukayadi Y, Soopna P, Lee HY, Tuan Zainazor TC, Ainy MN, Nakaguchi Y, 

Mitsuaki N, Son R. 2014. Effect of detergents as antimicrobial agents on biofilm of antibiotics-resistant 
Vibrio parahaemolyticus isolates. Food Control. 35: 378-385. 

18. Stewart PS, Rayner J, Roe F, Rees WM. 2001. Biofilm penetration and disinfection efficacy of alkaline 
hypochlorite and chlorosulfamates. Journal of Applied Microbiology 91: 525-532. 

19. Giaouris E, Chorianopoulos N, Nychas G. 2005. Effect of temperature, pH, and water activity on biofilm 
formation by Salmonella enterica enteritidis PT4 on stainless steel surfaces as indicated by the bead 
vortexing method and conductance measurements. J Food Prot. 68:2149 - 2154. 

20. Masse L, Kennedy KJ, Chou S. 2001. Testing of alkaline and enzymatic hydrolysis pretreatments for fat 
particles in slaughterhouse wastewater. Bioresource Technology. 77: 145-155. 

21. Majtan V, Majtanova L. 2003. Effect of disinfectants on the metabolism of Salmonella enterica serovar 
Enteritidis. Folia Microbiologica. 48: 643-648. 

22. Burnett SL, Beuchat LR. 2000. Human pathogens associated with raw produce and unpasteurized juices, 
and difficulties in decontamination. J. Ind. Microbiol. Biotech. 25: 281–287. 

23. Jang A, Szabo J, Hosni AA, Coughlin M, Bishop PL. 2006. Measurement of chlorine dioxide penetration 
in dairy process pipe biofilms during disinfection. Appl Microbiol Biotechnol. 72: 368-376. doi: 

10.1007/s00253-005-0274-5. 
24. Römling U, Rohde M. 1999. Flagella modulate the multicellular behavior of Salmonella typhimurium on 

the community level. FEMS Microbiology Letters. 180: 91–102. 
25. Joseph B, Otta SK, Karunasagar I. 2001. Biofilm formation by Salmonella spp. on food contact surfaces 

and their sensitivity to sanitizers. International Journal of Food Microbiology. 64: 367–372. 
26. Mireles JR, Toguchi A, Harshey RM. 2001. Salmonella enterica serovar typhimurium swarming mutants 

with altered biofilm-forming abilities: surfactin inhibits biofilm formation. Journal of Bacteriology. 183: 

5848–5854. 
27. Djordjevic D, Wiedmann M, McLandsborough LA. 2002. Microtiter plate assay for assessment of 

Listeria monocytogenes biofilm formation. Applied and Environmental Microbiology. 68: 2950–2958. 
28. Stepanovic S, Cirkovic I, Mijac V, Svabic-Vlahovic M. 2003a. Influence of the incubation temperature, 

atmosphere and dynamic conditions on biofilm formation by Salmonella spp. Food Microbiology. 20: 
339–343.   

29. Cunliffe D, Smart CA, Alexander C, Vulfson EN. 1999. Bacterial adhesion at synthetic surfaces. Applied 

and Environmental Microbiology. 65: 4995–5002. 
30. Sinde E, Carballo J. 2000. Attachment of Salmonella spp. and Listeria monocytogenes to stainless steel, 

rubber and polytetrafluorethylene: the influence of free energy and the effect of commercial sanitizers. 
Food Microbiology. 17: 439–447. 

31. Donlan RM. 2002. Biofilms: microbial life on surfaces. Emerging Infectious Diseases. 8: 881–890. 
32. Haagensen JAJ, Klausen M, Ernst R, Miller SI, Folkesson A, Tolker-Nielsen T, Molin S. 2007. 

Differentiation and distribution of colistin- and sodium dodecyl sulfate-tolerant cells in Pseudomonas 
aeruginosa biofilms. J Bacteriol. 189: 28-37. doi: 10.1128/JB.00720-06. 



Essoh Ayimba et al /Int.J. PharmTech Res.2014,6(6),pp 1846-1853. 1853 

 

33. Gutierrez D, Delgado S, Vazquez-Sanchez D, Martinez B, Lopez Cabo M, Rodriguez A, Herrera JJ, 
Garcia P. 2012. Incidence of Staphylococcus aureus and analysis of associated bacterial communities on 
food industry surfaces. Appl Environ Microbiol. 78: 8547-8554. doi: 10.1128/AEM.02045-12. 

34. Madsen JS, Burnolle M, Sorensen JS. 2013. A Spatiotemporal View of Plasmid Loss in Biofilms and 
Planktonic cultures. Biotechnol. Bioeng. 110: 3071–3074. 

35. Sommer P, Martin-Rouas C, Mettler E. 1999. Influence of the adherent population level on biofilm 

population, structure and resistance to chlorination. Food Microbiology 16: 503–515. 
36. Pompermayer DMC, Gaylarde CC. 2000. The influence of temperature on the adhesion of mixed cultures 

of Staphylococcus aureus and Escherichia coli to polypropylene. Food Microbiology. 17: 361–365. 
 
 

***** 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


