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 In recent years there has been increasing interest in the role of biofilms. In this 
study, isolation and characterization of biofilm producing strains from three 
cooked seeds foods: Soumbala, Bikalga and Zamne were the main focus of the 
research. A total of 32 bacterial strains were screened using standard methods 
of microbiology for biofilm production ability. Polymerase chain reaction (PCR) 
and biochemical methods were used to identify selected Bacillus strains. Among 
the selected Bacillus strains, five of the them showed strong biofilm forming 
capacity. The optimal swarming was obtained at 5% glucose and 2% agar after 
72 h incubation. Their swarming diameters on glucose ranged from 40.19±14.25-
87.25±33.48 mm for S14 and S10, respectively. While their swarming diameters 
on agar ranged from 39.81±13.59-54.25±16.4 mm for S9 and S14, respectively. 
Selected biofilm producers were identified as Bacillus species by morphological 
and biochemical characteristics; and by PCR with specific primers. Three of the 
strains belong to Bacillus subtilus. Bacillus group was the dominant 
microorganism involved in these cooked fermented and non-fermented foods. 

©2016 BluePen Journals Ltd. All rights reserved 

 
 
INTRODUCTION  
 
Zamne is a type of food made from coked seeds of 
Acacia macrostachya. This food is well eating during 
several ceremonies in Burkina Faso. The boiled seeds of 
A. macrostachya are digestible with large  dietary value. 
A. macrostachya seeds constitute important economical 
resources for numerous women (PAYS, 1998). 

Bikalga and Soumbala are condiments products of 
traditional uncontrolled alkaline fermentation of Hibiscus 
sabdariffa  and  Parkia   biglobosa   seeds,   respectively.  
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Bikalga and Soumbala are produced by women and 
constitute economical resource. Soumbala is known 
under different appellations depending of the country: 
Dawadawa or Iru in Nigeria and Northern Ghana (Dakwa 
et al., 2005; Odunfa, 1981; Sopade et al., 1996), Nététou 
in Sénégal (Ferre, 1993), Afitin in Bénin (Azokpota et al., 
2006), Kinda in Sierra Leone, Natto in Japan and Kinema 
in Nepal (Wang and Fung, 1996). Bikalga is also called 
Dawadawa botso in Niger (Parkouda et al., 2008) Datou 
in Mali (Parkouda et al., 2008), Furundu in Sudan 
(Yagoub et al., 2004), Mbuja in Cameroon (Mohamadou 
et al., 2007). These studies demonstrated the prevalence 
of Bacillus spp. (Bacillus subtilis, Bacillus coagulans, 
Bacillus  amyloliquefaciens,   Bacillus   pumilus,   Bacillus  



 

 

 
 
 
 
cereus, Bacillus thuringiensis, Bacillus brevis and Bacillus 
licheniformis) in the fermentation process and their role in 
the bioconversion of the products. Ouoba et al. (2007) in 
their studies showed that B. subtilis, B. licheniformis, B. 
pumilus, B. cereus, Bacillus badius, B. sphaericus and 
Bacillus fusiformis are microorganisms present and 
involved in Bikalga fermentation. Parkouda et al. (2008) 
had showed that these condiments contained several 
Bacillus strains which play a key role during fermentation 
for the manufacture of the product. The microorganims 
responsible for the fermentation of Soumbala have been 
identified as Bacillus spp. with B. subtilis as the 
predominant species (Savadogo et al., 2011; Antai ang 
Ibrahim, 1986; Diawara et al., 1992; Ferre, 1993; Odunfa, 
1981; Odunfa and Oyewole, 1986).  

Microorganisms are able to adhere to various surfaces 
(natural aquatic, soil environments, living tissues, medical 
devices or industrial or potable water system), encase 
themselves in a hydrated matrix of polysaccharide and 
protein and form a slimy layer called biofilm (Costerton et 
al., 1995, 1999; Donlan, 2002; Flemming and Wingender, 
2001a, 2001b; Shiro et al., 1994) according to their 
capacity to produce biofilm. According to Murphy and 
Kirkham (2002), 99.9% of bacteria in nature are attached 
to a surface in the form of biofilm. According to O’Toole et 
al. (2000), biofilms are surface-attached communities of 
bacteria embedded in an extracellular matrix; its 
formation occurs in many settings, and in response to 
diverse environmental cues. Biofilm is formed when 
bacterial cells attach to one another and/or adhere to a 
living or inert contact surface (Tang et al., 2012).  

Biofilm is an aggregation of bacteria, algae, fungi and 
protozoa enclosed in a matrix consisting of a mixture of 
polymeric compounds. It can also be defined as an 
assemblage of microbial cells that are associated with a 
surface and enclosed in an extracellular matrix; 
principally of polysaccharide material (Donlan, 2002). For 
Branda et al. (2001), B. subtilis has become a model 
organism for the study of biofilm formation. Bacillus are 
the most widely distributed microorganisms and play 
significant roles in microbial communities.  

In this present study, the isolation and characterization 
of biofilm producing strains from three cooked seeds 
foods: Soumbala, Bikalga and Zamne, were the aims of 
the research. 
 
 
MATERIALS AND METHODS 
 
Collection of samples 
 
Zamne, Bikalga and Soumbala samples were collected 
from various markets in Ouagadougou and Gaoua, two 
towns of Burkina Faso. Samples were transported under 
cold conditions and taken to the laboratory immediately 
after collection and stored in the refrigeration at  4°C  until 
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analysis. Samples were analysed in time not exceeding 
24 h of collection. 
 
 
Microbial analysis and microorganisms isolation 
 
Ten (10) g of each sample were placed in a sterile 
stomacher bag containing 90 mL of peptone saline water 
and were heated at 90, 100 and 105°C for 15 min in 
order to select spore forming strains. Subsequent serial 
dilution of each sample was made up to 10

-10
 and 0.2 mL 

of each appropriate dilution was inoculated in triplicate on 
Plate Count Agar (sterilized at 120°C for 20 min); and 
incubated at 37°C in aerobic condition for 24 h. After 
incubation, 32 different colonies which developed on the 
agar were picked at random from petri dishes for further 
identification. 
 
 
Microorganisms primary characterization 
 
In order to confirm that the colonies isolated belong to 
Bacillus spp., different tests were performed. Sixteen (16) 
bacteria colonies from Soumbala and Bikalga (5 from 
Soumbala and 11 from Bikalga) and sixteen others from 
Zamne were isolated, selected on the basis of biofilm 
production and characterized according to the methods 
described by Harrigan (1976), ICSMF  (ICSMF, 1988) 
and Collins and Lyne (Collins and Lyne, 1984). 

These colonies were identified by cell morphology and 
motility, Gram reaction, glucose metabolism (Hugh and 
Leifson, 1953), lecithinase, VP (Voges-Proskauer) test, 
urease, catalase, starch hydrolysis, casein hydrolysis, 
sporulation, NaCl. 
 
 
Swarming and biofilm formation assays 
 
Before swarming test, all selected strains were tested for 
their capacity to produce biofilm using the crystal violet 
staining method (O'Toole et al., 1999). Swarming 
experiments were performed on plate count agar with 
different concentrations of agar (2, 3, 4 and 5% w/v) and 
different concentrations of glucose (1, 2, 3, 4 and 5% 
w/v). Liquid aliquot of each strain (5 µL) was spotted onto 
the center of the plate. The diameters of swarming zone 
were measured after incubation for 24, 48, 72 and 96 h at 
37°C. Each experiment was performed in triplicate. 
 
 
Selected strains characterization 
 
DNA extraction and preparation 
 
Five (5) mL of an overnight culture were used. Cells were 
harvested by centrifugation and washed  twice  with  Nacl 
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(9‰). Isolation of DNA was conducted with PROMEGA 
kit (Promega Corporation, Madison, WI 53711-5399 
USA) using the manufacturer’s recommended protocol. 
 
PCR reaction and Electrophoresis 
 
PCR for Bacillus identification 
 
Primers (B-K1/F: 5’-CGTATTCACCGCGGCATG-3’ and 
B-K1/R1: 5’ TCACCAAGGCRACGATGCG-3’) for Bacillus 
genera with expected fragments size estimated to 1114 
bp (Wu et al., 2006). B. subtilis group and B. cereus 
group were identified by using primers: Bsub 5F: 5’-
AAGTCGAGCGGACAGATGG-3’; Bsub3R: 5’-
CCAGTTTCCAATGACCCTCCCC-3’ and Ba1 F: 5’- 
TGCAACTGTATTAGCACAAGCT-3’; Ba1R 5’- 
TACCACGAAGTTTGTTCACTACT-3’, respectively with 
expected fragments estimated to be 595 bp for subtilis 
group and 533 bp for cereus group (Chang et al., 2003; 
Wattiau et al., 2001). PCR mixture consisted of 1.5 µL of 
each primer (20 µM), 12.5 µL (1.2 µM) of Master Mix 
(Fermentas GMBH, St-Leon, Rot, Germany), 8 µL of H2O 
and 1.5 µL of DNA (10-30 ng.µL

-1
) in a final volume of 25 

µL. Thermal cycling was carried out using an Eppendorf 
AG (Hamburg, German) Mastercycler gradient as follows: 
Initial denaturation at 94°C for 3 min followed by 30 
cycles of denaturation at 94°C for 1 min, primer annealing 
at 43°C for 30 s primer extension at 72°C for 45 s and 
final extension at 72°C for 10 min. The expected 
fragment size was 1114 bp. 10 µL of the amplified 
products of PCR were analyzed by electrophoresis in 1% 
(w/v) agarose gels stained with ethidium bromide (0.5 
mg.mL

−1
). The gels were visualized with an Ultraviolet 

Illuminator and Digitally recorder (Gel DOC Bio-Rad, 
Hercule, USA).  
 
 
PCR for digestion products 
 
Reaction mix containing 2.5 µL of 10 µM primer IGS1 (S-
DBact1522bS20): TGCGGCTGGATCCCCTCCTT, 2.5 µL 
of 10 µM primer IGS2 (L-DBact132aA18): 
CCGGGTTTCCCCATTCGG, 2.5 µL of 2 µM 
desoxynucleotides, 2.5 µL of 1.5 µM MgCl2 and 2.5 µL of 
1.5 µM Taq buffer, 2.5 µL of 0.5 unit of Taq DNA 
Polymerase and 10 µL of water milliQ. 100 ng of DNA 
were then added to each PCR tube. Escherichia coli DNA 
was used as positive control and negative control is free 
DNA. Amplification was performed in an Eppendorf 
thermocycleur, an initial denature at 95°C for 5 min, 
followed by 30 cycles consisting of 94°C for 30 s, 55°C 
for 30 s, and 72°C for 1 min, and extension of incomplete 
products for 10 min at 72°C. The reaction was stopped 
and set on 4°C. A volume of 5 µL of PCR products were 
digested without further purification with the restriction 
endonuclease Hha I with a mixture of 1 µL of buffer, 1  µL  

 
 
 
 
of the restriction endonuclease and 3 µL of water milliQ. 
The mixture was incubated at 37°C for 1 h. The smart 
ladder (100-1200) used was purchase from biolab, 
Gibco-BRL (Germany). 
 
 
Sequencing and identification 
 
PCR products were purified with QIAquick® PCR 
Purification kit (Qiagen) according to the manufacturer’s 
instructions and submitted to sequencing. In order to 
check the identity of the bacteria identified by restriction 
analysis of the IGS region, the PCR products from 
different sub-groups were sequenced. The sequences 
were compared to those deposited in GenBank, using the 
BLAST algorithm (https://blast.ncbi.nlm.nih.gov/Blast.cgi) 
with a similarity of 95%.  
 
 
Electrophoresis 
 
PCR products were separated on 0.8 or 2% (w/v) 
Agarose gel-electrophoresis with TBE buffer 0.5 X 
according to the size of PCR fragments. After a migration 
for 30 min at 100 volts, gels were visualized under UV 
and scanned with a Kodak camera (Gel 100). Sizes were 
estimated by comparison with a DNA molecular weight 
ladder (100 bp ladder biolabs, Gibco-BRL). 
 
 
Determination of proteolytic activity  
 
Proteolytic activity of the isolates was determined using 
skim milk agar (Himedia). The culture supernatant were 
spotted on the surface of the skim milk agar plates and 
incubated at 37°C for 24 h. The development of a clear 
zone was considered as proteolytic activity 
(Chantawannakul et al., 2002). 
 
 
Amylolytic activity 
 
For determination of amylolytic activity, starch agar was 
used and incubated at 37°C for 48 h. Enzymatic activity 
was indicated as clearing zones on the plates. For 
observation of amylolytic activity the agar plates were 
flooded with iodine solution. 
 
 
Antibiotic susceptibility 
 
Antibiotic susceptibility of the isolates to Penicillin, 
Tetracycline (TC), and ampicillin (AM) was determined 
according Kirby Bauer method (Bauer et al., 1966; 
Wayne, 2010). Staphyloccus aureus (ATCC 6538) and E. 
coli (ATCC 8739) strains were used as control. 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Table 1. Characteristics of strains selected for study of glucose and agar concentration on biofilm production. 
 

Strains S9 S10 S14 S15 C5 

Origins Soumbala Bikalga Soumbala Soumbala Zamne 

Morphology Bacilli Bacilli Bacilli Bacilli Bacilli 

Motility + + + + + 

Gram + + + + + 

Catalase + + + + + 

Oxydase - - - - - 

Sporulation + + + + + 

VP + - - - - 

Lecithinase + + + + + 

Amylolytic activity + - - + + 

Proteolytic activty - + - + nd 
 
 
 

Table 2. Swarming diameter (mm) of biofilm producing strains at 48 and 120 h of incubation on plate count agar. 
 

Time of Incubation (h) S14 S15 S9 S10 C5 

48 37.5±3.54 36±5.66 17.5±3.54 31.5±4.95 37.5±3.54 

120 58±4.24 58.5±2.12 57.5±3.54 58±8.49 33±2.83 
 
 
 

Data analyses  
 

The means and the standard deviations of the 
parameters were determined by SPSS 17.0 software. 
Analysis of variance (ANOVA) was performed at 
significance P<0.05. Principal Components Analysis 
(PCA) of agar and glucose concentration (or level) on 
biofilm production was also performed with package 
FactoMineR of Recommander using R 3.1 (RCore, 
2014). 
 
 

RESULTS AND DISCUSSION 
 

Strains primary characteristics 
 

Five (5) strains isolated from Soumbala, Bikalga or 
Zamne were detected as biofilm producing. Their 
morphological and biochemical characteristics were 
described in the Table 1. Strains S9, S15 and C5 
identified as B. subtilis showed amylolytic activities and 
strains S10 and S15 showed proteolytic activities. 
Bacillus spp. were proteolytic, lipolytic and amylolytic. 
The hydrolysis of protein is important in seeds fermented 
food.  

The ability of the selected strains to form spore and 
other biochemical characteristics showed that all the 
strains could be belonged to the genus Bacillus (Table 1). 
 
 

Biofilm production 
 

The biofilm produced on plate count agar were measured  

at 48 and 120 h and the results were presented in Table 
2. The swarming diameters ranged from 19.0 to 37.5 mm 
and from 38 to 58 mm at 48 and 120 h, respectively with 
higher at 120 h. The characteristics of selected strains on 
petri dishes are presented in Figure 1.  

The optimal swarming was obtained at 5% glucose and 
2% agar after 72 h incubation. The swarming diameters 
on glucose were comprise between 40.19±14.25 and 
87.25±33.48 mm for S14 and S10 respectively. The 
swarming diameters on agar were comprise between 
39.81±13.59 and 54.25±16.4 mm for S9 and S14 
respectively. 

 
 
Effect of glucose and agar concentration on biofilm 
production 

 
Strains biofilm diameters measured at different 
concentration of glucose in plate count agar at 37°C are 
presented in Table 3. Descriptive analysis showed that 
the higher the concentration of glucose increases, the 
greater the biofilm diameter also increases for the same 
bacterial strain. There was a significant difference 
between the biofilm diameters for the same concentration 
over time (P<0.05).  

Strains biofilm diameters measured at different 
concentration of agar in plate count agar at 37°C are 
presented in Table 4. Descriptive analysis showed that 
when the concentration of agar increases the diameter 
decreases to the same bacterial strains. Descriptive 
analyses were performed to determine the minimum  and  
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Figure 1. Selected strains colonies morphologies and swarming on Petri dishes. 

 
 
 

Table 3. Strains biofilm diameter (mm) measurement at different concentration of glucose in plate count agar incubated at 37°C. 
 

Strains 
Time of 

incubation (h) 

Glucose concentration/colon 

1% 2% 3% 4% 5% 

S9 

24 12.00±0.71 14.5±0.71 18.25±0.35 23.75±0.35 28.75±1.06 

48 20.75±1.06 27.75±1.06 31.50±0.71 40.25±0.35 46.00±1.41 

72 30 .00±0.75 40.50±0.71 45.25±1.06 53.00±1.41 62.00±1.41 

96 36.00±1.41 48.25±035 58.00±1.41 66.75±0.35 76.25±1.77 

S10 

24 26.00±1.06 30.00±0.35 36.00 ±1.06 40.00±1.06 44.00±1.06 

48 43.00±1.77 46.00±0.71 52.00±1.77 62.00±1.06 79.00±0.71 

72 56.00±1.41 60.00±1.06 68.00±1.77 80.00±1.41 106.00±1.06 

96 66.00±1.06 72.00±1.77 86.00±1.41 98.00±1.06 120.00±1.41 

S14 

24 23.00±0.71 28.00±1.06 34.50±0.71 38.50±1.41 42.25±1.06 

48 35.25±1.77 42.75±1.06 50.75±1.06 54.50±1.41 58.75±1.77 

72 46.50±1.41 54.25±1.77 63.75±1.06 72.00±0.35 76.00±1.41 

96 56.00±1.41 59.00±0.35 77.25±1.06 79.50±1.06 80.75±1.41 

S15 

24 20.75±0.35 24.50±1.06 30.50±0.71 35.00±1.41 39.75±1.06 

48 31.75±1.77 36.25±1.77 44.50±1.77 45.75±1.77 53.50±1.41 

72 41.25±1.77 47.50±1.41 55.00±1.41 56.50±1.77 65.50±0.71 

96 49.50±1.77 56.00±1.41 64.00±1.41 70.00±1.41 75.00±1.41 

C5 

24 11.50±0.71 14.50±1.06 16.25±0.35 23.25±0.35 26.25±0.35 

48 16.50±0.71 24.00±1.41 28.50±0.71 33.25±0.35 36.00±0.71 

72 21.75±0.35 34.00 ±1.41 38.75±1.06 42.50±0.71 46.25±1.06 

96 26.75±1.06 42.75±1.06 48.25±1.06 53.00±1.41 55.75±1.06 
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Table 4. Strains biofilm diameter (mm) measurement at different concentration of Agar in plate count agar incubated at 37°C. 
 

Strains 
Time of 

incubation (h) 

Agar concentration 

2% 3% 4% 5% 

S9 

24 24.25±1.06 14.50±1.77 14.25 ±0.71 9.50±0.71 

48 34.25±1.06 19.25±1.77 18.00±0.71 14.75±0.35 

72 45.00±1.41 26.25±1.41 25.75±1.06 19.75±0.35 

96 55.75±1.77 31.00±0.71 29.00±1.41 24.25±0.71 

S10 

24 31.00±0.71 21.00±0.71 14.50±0.71 8.62±0.88 

48 41.00±1.41 30.50 ±1.06 25.25±0.35 21.00 ±0.71 

72 48.25±1.06 44.75±1.06 40.75 ±1.06 31.00±1.41 

96 61.00±1.41 55.25±0.35 44.25±1.77 41.00±1.06 

S14 

24 33.00±0.71 23.75 ±1.06 19.00 ±1.41 14.75 ±0.35 

48 51.00 ±1.41 42.25 ±1.06 38.75 ±1.06 24.25 ±0.35 

72 61.50 ±1.41 48.00 ±1.41 42.00 ±1.41 34.00 ±1.41 

96 71.50 ±1.41 54.00 ±1.41 44.75 ±0.00 35.25±1.77 

S15 

24 30.50 ±0.71 21.25 ±1.06 16.50 ±0.71 13.25 ±1.06 

48 51.00 ±1.41 31.50 ±0.71 26.50 ±0.71 23.50 ±0.71 

72 71.00 ±1.41 42.75 ±0.35 38.00 ±1.41 33.00 ±1.41 

96 77.25 ±1.06 54.75 ±1.06 47.00 ±0.71 43.50 ±0.71 

C5 

24 32.00 ±0.71 22.75 ±1.06 19.50 ±0.71 17.50 ±0.71 

48 46.50 ±1.41 36.75 ±1.06 29.25 ±1.06 27.25.±1.06 

72 59.50 ±1.41 50.50 ±0.71 42.50 ±1.41 37.00 ±1.41 

96 73.75 ±1.77 60.25 ±0.35 48.25 ±0.00 46.50 ±1.06 

 
 

 
Table 5. Pearson correlation: Glucose concentration and biofilm diameters at 96 h. 
 

Pearson Correlation 
C5 S9 S10 S14 S15 

0.956* 0.980** 0.942* 0.929* 0.974** 

Sig. (bilateral) 0.011 0.003 0.017 0.023 0.005 

N 5 5 5 5 5 

Pearson Correlation 
C5 S9 S10 S14 S15 

0.956* 0.980** 0.942* 0.929* 0.974** 

Sig. (bilateral) 0.011 0.003 0.017 0.023 0.005 

N 5 5 5 5 5 

Pearson Correlation 
C5 S9 S10 S14 S15 

0.956* 0.980** 0.942* 0.929* 0.974** 

Sig. (bilateral) 0.011 0.003 0.017 0.023 0.005 

N 5 5 5 5 5 

Pearson Correlation 
C5 S9 S10 S14 S15 

0.956* 0.980** 0.942* 0.929* 0.974** 

Sig. (bilateral) 0.011 0.003 0.017 0.023 0.005 

N 5 5 5 5 5 
 

*The correlation is significant at the 0.05 (bilateral); **. The correlation is significant at the 0.01 (bilateral). 
 
 
 

maximum values of the diameters of biofilm. The results 
of these analyses showed that large diameters were 
obtained for a high glucose concentration and a low 
concentration of agar.  

The  correlation  test  was  performed  after  96  h   with 

optimal concentrations (5% glucose and 2% agar). 
Pearson correlation test showed that the glucose 
concentration and the biofilm diameters are positively 
correlated (Table 5). Pearson correlation test showed that 
the  agar  concentration  and  the  biofilm  diameters   are
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              a. Without digestion                                     b. Digestion with Hha I  
 
Figure 2. Polymerase chain reaction products with primers GS1 and GS2. 

 
 
 

Table 6. Pearson correlation: Agar concentration and biofilm diameters at 96 h. 
 

Pearson correlation 
C5 S9 S10 S14 S15 

-0.959* -0.882 -0,981* -0.986* -0.959* 

Sig. (bilateral) 0.041 0.118 0.019 0.014 0.041 

N 4 4 4 4 4 
 

*The correlation is significant at the 0.05 level (bilateral). 

 
 
 
negatively correlated (Table 6). 
 
 
Selected strains characterization by PCR 
 
The primary characteristics of the selected strains 
showed that all the strains belong to Bacillus. In order to 
confirm this hypothesis, the selected strains were 
characterized by PCR using different primers. Primers 
IGS1 and IGS were allowed to obtain gel profiles 
presented in  Figure  2  and  the  use  of  specific  primers  

gave the one in Figure 3.  
With primers IGS1 and IGS, we obtained identical 

profiles (320 pb) for all strains, and the digestion of the 
PCR products with Hha I revealed also two identical 
bands (120 and 200 pb). The amplification with Bacillus 
sp. specific primers (B-K/F and B-K/R1) gave also similar 
profiles for all strains (1114 pb).  

With B. subtilis specific primers, positive amplification 
(595 pb) was obtained for three strains (S9, C5, S15). 
The results show that these strains belong to B. subtilis 
species. No fragment  was  obtained  with  the  B.  cereus  
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      a. Bacillussp primers B-K/F and B-K/R1                b.  Bacillus subtilis primers Bsub5F and Bsub3R  
 
Figure 3. Polymerase chain reaction products with Bacillus sp. and B. subtilis primers. 
a) 1, molecular mass marker (Bioline, USA); 2, S9; 3, S10; 4, C5; 5, S14; 6, S15; 7, Bacillus cereus LMG ATCC 198 (positive 
control); 8, Bacillus subtilis ATCC168 (positive control); 9, negative control. 
b) 1, molecular mass marker (Bioline, USA); 2, S9; 3, S10; 4, C5; 5, S14; 6, S15; 7, Bacillus subtilis ATCC 168 (positive 
control); 8, Bacillus subtilis ATCC 6633 (positive control); 9, negative control. 

 
 
 
group primers. The Principal Component Analysis (PCA) 
as presented in Figure 4 gave on overview on the effect 
of agar and glucose on biofilm production. The first two 
components account for 97.69 and 98.76% of the 
variance respectively for the agar and glucose 
concentrations. There was a difference between glucose 
and agar effects on biofilm production as revealed by the 
PCA (Figure 4). 
 
 
Antibiotics susceptibility  
 
As presented in Table 7 the antimicrobial susceptibility 
profile indicated that all the bacteria isolated with the 
exception of S9 and S15 showed sensibility to all the 
antibiotics used. Strain S9 was resistant to ampicillin and 
strain S15 was resistant to penicillin and ampicillin. These 
two strains S9 and S15 were found producing biofilm 
which can protect cells against antibiotic inhibition.  
 
 
Biofilm, polysaccharides and swarming 
 
B. subtilis was known producing extracellular or cell wall-
associated proteases. According to Vlamakis et al. (2013) 

B. subtilis is used as a model for biofilm formation. Dixit 
et al. (2002) described that Epr function was necessary 
for swarming for B. subtilis 168. According to Connelly et 
al. (2004) Epr did have function in swarming, it was 
apparent that other extracellular factors are also 
important. Biofilms and swarming are considered as 
surface associated, multicellular communities. Production 
of surfactants was confirmed during both pellicle 
formation and warming of B. subtilis (Hamze et al., 2009; 
Kearns and Losick, 2003; Lombardía et al., 2006).  

Some bacteria like Vibrio parahaemolyticus and 
Proteus mirabilis can swarm readily on higher percentage 
of agar as 1.5 to 3%; other bacteria like Salmonella, E. 
coli, Serratia, Pseudomonas and Bacillus swarm only on 
lower percentage agar  as 0.5 to 0.8% (Butler et al., 
2010). In swarmers bacteria movement is enabled by 
powerful extracellular surfactants (Eberl et al., 1996). 
Surfactants gave lower surface tension and allow rapid 
colony expansion (Caiazza et al., 2005; Kearns and 
Losick, 2003; Matsuyama et al., 1992). Link between 
swarming, extracellular protease production and 
pathogenesis has been observed (Givskov et al., 1997; 
Sonnleitner et al., 2003; Walker et al., 1999).  

Biofilms have been formed to protect the microbial 
community from environmental  stresses  (Ahimou  et  al.,  
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                                         b. Glucose concentration on biofilm production 
 

 
 
Figure 4. Principal component analysis. 

 
 
 

Table 7. Antibiotics susceptibility of selected strains. 
 

Strains 
Diameter (mm) 

Penicillin Ampicilin Tetracyclin 

S14 9 11 18 

S15 R R 34 

S9 40 R 20 

S10 9 10 18 

C5 14 16 20 



 

 

 
 
 
 
2007; Flemming and Wingender, 2001a, 2001b). The 
growth of biofilm is the result of a complex process that 
involves the transport of organic and inorganic molecules 
and microbial cells to the surface (Beech, 2004).  

Composition of the medium is probably the most 
important factor influencing the ability of bacteria to 
produce biofilm under in vitro conditions (Cramton et al., 
2000; Diawara et al., 1992; Hola et al., 2004; Knobloch et 
al., 2002). Supplementation of the medium with glucose 
increases the ability of Staphylococci to form biofilm 
(Christensen et al., 1985; Deighton et al., 2001; Diawara 
et al., 1992; Knobloch et al., 2002; Mack et al., 1992; 
Mathur and Singh, 2005). Hsueh et al. (2006) in their 
study demonstrated that biofilm formation was enhanced 
under low nutrient conditions and was dependent on 
biosurfactant production, which was directly or indirectly 
repressed by plcR gene. 
 
 
Antibiotics resistance and biofilm 
 
High resistance of biofilm population to single antibiotic 
was previously demonstrated. It is know that familiar 
mechanisms of antibiotic resistance, such as efflux 
pumps, modifying enzymes, and target mutations, do not 
seem to be responsible for the protection of bacteria in a 
biofilm (Walsh, 2000). According to Spoering and Lewis 
(2001) and Walters et al. (2003), the creation of starved, 
stationary phase dormant zones in biofilms seems to be a 
significant factor in resistance of biofilm producing strains 
to antimicrobials. Swarming or biofilm production is 
effective strategy for prevailing against antimicrobials 
(Butler et al., 2010). High tolerance to antibiotics was 
reported by Hood and Zottola (1995) and Oliveira et al. 
(2006) due to biofilm production capacity and barrier 
properties of the slime matrix. Swarming motility has 
been linked with biofilm formation, antibiotic resistance 
and virulence factors production (Allison et al., 1992; Kim 
et al., 2003; Sharma and Anand, 2002). It has been 
estimated that biofilm cells are up to 1000 times more 
resistant to most antimicrobial agent than planktonic cells 
(Davies, 2003). The first step in the bacteria process of 
establishing an infection is adherence to target cells; this 
phenomena is possible due to biofilm production. Also, 
biofilms have been reported possessing role of protection 
of microbial community from environmental stresses 
(Ahimou et al., 2007; Flemming and Wingender, 2001a, 
2001b). Bacillus are cited in many literatures producing 
biofilm, some species are considered as models in biofilm 
production or formation.  

Biofilm forming microorganisms play crucial roles in 
terrestrial and aquatic nutrient cycling and in the 
biodegradation on environmental pollutants (Davey and 
O'toole, 2000). Biofilms allow bacteria to develop 
resistance to bacteriophage, amoebae, chemically 
diverse biocides, host immune responses and  antibiotics  
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(Costerton, 1999).  

In this study the importance of medium composition 
was showed with influencing bacteria capacity for biofilm 
production. This production is also influenced by the 
nature and concentration of carbohydrate used. Agar 
concentration can influenced biofilm production. Bacteria 
are able to produce biofilm under different condition of 
surface. 
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