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Abstract: Dispersion, defined as the release of planktonic cells is the final stage of biofilm development and of 
major significance in clinical and industrial settings. Currently, biofilm dispersion is considered as a promising 
avenue for biofilm control and an important topic research. However, a problem facing such research projects is 
how to induce planktonic life in a biofilm.  Numerous systems are used for the investigation of biofilm dispersion, 
including dynamic continuous or static batch systems. This mini-review describes the usefulness of the 
microorganism carrier-surface method as a simple biofilm growth model which successfully allowed microscopic 
characterization of biofilm structure and dispersion in dairy-associated spore-forming bacteria and should be an 
efficient model for studying dispersion process.  
Keywords: Biofilm growth model; Biofilm structure; Dispersion in Bacillus cereus; Dispersion in thermophilic 
bacilli; Microscopic characterization; Dairy industry.    

 
 
1. Introduction 
 

Biofilms are a multicellular complex formed of micro-organisms that are attached to a surface and embedded 
in a matrix, consisting of exopolymeric substances (EPS), protecting them from harsh influences from the 
environment [1, 2]. As shown in figure 1, the formation of biofilms is a developmental process that is initiated by 
planktonic (free-living) organisms transitioning to a surface-associated lifestyle, and is completed when cells 
escape from the biofilm structure in a process referred to as dispersion to return to planktonic mode of growth [4]. 
The biofilm dispersion process constitutes the final stage of biofilm development, and a necessary step for bacteria 
to leave the biofilm macrostructure and colonize new environments [5]. This process is highly regulated and can 
occur spontaneously or be induced by intrinsic or environmental factors.  

Biofilm dispersion has a crucial meaning in the field of food quality and safety as well as in medicine, with 
regard to cross contamination and disease transmission issues [6, 7]. In the dairy industry, the biofilms formed on 
equipment surfaces are recognized to be a major source of contamination of processed milk and dairy products 
with both spoilage and pathogenic bacteria [8, 9]. Similarly, in medicine, the release of dispersed bacteria, often 
with enhanced virulence into the host, is responsible of systemic infections, by promoting the dissemination of 
contaminations through the organism [10, 11]. That is why, in recent years, dispersion is considered as an 
interesting target for biofilm prevention and control strategies, in industrial and clinic settings, as the planktonic 
state is considered to be more vulnerable to antimicrobial agents and immune responses [12-14]. In this regard, 
Inducing biofilm-dispersal  has  been  suggested  as  a  means  to fight  against  biofilm  and  it  has  been  
recommended  in some instances to clean surfaces by applying a signal or  an  effector  of  biofilm  dispersal  in  
close  proximity  to the  biofilm  [5, 15]. Hence, efficient methods for the investigation of biofilm dispersal and 
recovery of dispersed cells are necessary to achieve such purposes. This mini-review describes a simple biofilm 
model that successfully allowed microscopic visualization of authentic biofilm structures and dispersion, in dairy-
associated spore-forming bacteria.  
 
2. Methodological approaches for investigation of biofilm dispersion 
 

Taking into account that biofilm dispersion is an important topic research, the need for technics that induce 
planktonic life in a biofilm is required. Numerous systems used for studying biofilm dispersion, including static 
(microtiter plates, glass tubes.) and dynamic models (flow cells, microfermenters.), are reported (table 1). Some 
of these in vitro assays are easy to set up and allow high-through put assessments; however they are species-
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dependent and differ from laboratory to laboratory. As an illustration, a relationship between dispersion and 
medium flow was found in dynamic systems, the biofilm diameter increased with increasing flow rate, for 
Pseudomonas aeruginosa [4]. While, for other bacteria, biofilm dispersal can be simply induced by reducing the 
shaking speed after an initial step of biofilm formation [5].  
 

 
Fig. 1.  Biofilm formation and dispersion styles in a milk pipe. (A): Five stages of biofilm development according 
to Sauer et al. [3]. (B):  Biofilm dispersion styles that may occur in milking systems of dairy processing plants.   
 

Static batch models were also suitable for studying biofilm dispersal. The microorganism carrier-surface 
method previously described to test sanitizers' effectiveness [21], allows rapid biofilm dispersal in mesophilic and 
thermophilic dairy-associated spore forming bacteria [20]. The formation of non-submerged biofilms on open 
surfaces is a practical method that was also used in several works [22, 23]. The microorganism carrier-surface 
method combined to environmental scanning electron microscopy imaging (ESEM) or simply crystal violet 
staining    revealed an efficient model for the investigation of biofilm structure and dispersion in dairy-associated 
spore forming bacteria [20]. Large biofilms that exceeded a minimum diameter of 40 μm, required for dispersion 
to occur in the way called seeding dispersal, previously described in flowing systems [24], are developed with this 
static batch model, by mesophilic and thermophilic spore forming bacteria (Fig. 2). Another aspect that emerges 
from the literature is the problem of the recovery of dispersed cells in dispersion assays. In this regard, this biofilm 
model can provide additional data and measurements, since samples examined in ESEM can be used with a range 
of downstream methods directly after viewing [25]. Accordingly, in-depth investigations of biofilm dispersal 
notably the recovery of dispersed cells and identification of dispersal compounds are possible with this biofilm 
model after ESEM imaging. In addition, this microscopic approach enables the visualization of biofilms in their 
native state and thus, should contribute to depict how biofilms really develop especially in vivo in clinical and 
industrial settings, as expressed in the literature. 
 

Table 1. Examples of methods for investigation of biofilm dispersion 
Methods References 

Application of microturbulences in polystyrene Petri dishes  [16] 
Confocal laser scanning microscopy (CLSM) [17] 
Assessment of biofilm biomass in a microtiter-based batch 
system 

[18] 

Cristal violet staining of ring biofilm in a glass tube [19] 
Microorganism carrier-surface method combined to 
Environmental scanning electron microscopy (ESEM) or 
crystal violet staining 

[20] 
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Fig. 2.  Active dispersion in 20 h old biofilms formed according to microorganisms carrier-surface method after 
crystal violet staining (images above) or ESEM imaging (images below). The formation of large transparent 
cavities, or central hollow structures, characteristic of seeding dispersal are obvious in both B. cereus biofilms (A) 
and more extensive amorphous biofilm matrix of thermophilic bacilli (B).  
 
3. Adaptation and persistence of spore-forming bacteria in the dairy environment 
 

Bacteria in raw milk arriving at dairy processing facilities are highly diverse, but the pressure exerted by food 
processing conditions should select some taxa [26]. Accordingly, restrictive processes such as heat treatment result 
in reducing the diversity of the processing plant microflora. This is consistent with the concept of the in-house 
microflora [27], which is partly a reflection of the raw material used and partly a reflection of processing conditions 
namely heat treatment and cleaning procedures in dairy product manufactures.  As shown in table 2, the microbiota 
of dairy processing equipment comprise various Gram+ and Gram- bacteria, however the bacteria belonging to 
the Genus Bacillus are often predominant [28-31]. Due to their spore forming properties, Bacillus and related 
genera (Brevibacillus, Paenibacillus, Geobacillus, Anoxybacillus) survive industrial pasteurization and form on 
stainless steel equipment biofilms which are difficult to eradicate [32,33]. These microorganisms can contaminate 
either in the form of vegetative cells, spores, or detached biofilm clumps that adhere to the stainless steel 
components. Thus, the ability of bacteria to form biofilms is responsible for their persistence onto technological 
equipment surfaces, and constitutes a major microbiological challenge for the dairy industry. The protection of 
strains within biofilms formed inside pipe milking systems has been described as a survival strategy for B. cereus 
recurrent genotypes that have been shown to persist on equipment surfaces in a dairy plant, for several years [34]. 
In order to better understand their persistence strategies, the spore surface and biofilm characteristics of this 
recurring B. cereus were characterized [35]. Interesting findings were that cleaning procedures (cleaning-in-palce, 
CIP system) may affect the spore surface hydrophobicity and hydrophilic spores were best able to withstand 
chemical cleaning, and form specific biofilm features on stainless steel surfaces (Fig.  3).  
 

Table 2.  Constitutive microflora of biofilms in dairy processing equipment [30] 
Frequency of isolation (%) Biofilm 

formation (%) 
Analyzed bacteria Tanks-

coolers 
Bactofuge 

units 
Pasteurizers Cheese 

baths 
Packaging 
machines 

Bacillus 100 51 65 77 37 100 
Lactobacillus 100 34 45 69 12 57 
Enterococcus 79 37 43 25 5 79 
Staphylococcus 71 24 12 17 2 87 
Streptococcus 53 9 2 8 5 29 
Pseudomonas 69 11 3 5 0 74 
E. coli 77 23 38 39 9 82 
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Fig. 3. Specific biofilm features characterized by high resistance to chemical cleaning and disinfection. ESEM 
images showed smooth and wrinkled matrix surface topographies of 7 days old biofilms formed by hydrophilic B. 
cereus spores on soiled (left and center images) or non-soiled (right image) stainless steel surfaces, according to 
microorganism carrier-surface method [35].  
 

On another hand, thermophilic bacilli such as Geobacillus stearothermophilus, Anoxybacillus flavithermus and 
Bacillus licheniformis are also important contaminants in the dairy industry and one of the most common groups 
of biofilm-forming organisms in milk powder processing plants [36, 37]. Overall thermophilic bacilli are generally 
not pathogenic, their presence in dairy products is an indicator of poor hygiene and high numbers are unacceptable 
to customers. In addition, their growth may result in milk product defects caused by the production of acids or 
enzymes, potentially leading to off-flavours [38]. These bacteria are able to grow in sections of dairy 
manufacturing plants where temperatures reach 40–65°C. According to Gopal et al. mesophilic spore-forming 
bacteria are a primary cause of concern for manufacturers of powdered dairy ingredients with thermophilic spore-
forming being more prevalent in the end product. Furthermore, adaptation of milk-associated mesophilic and 
tehrmophilic bacilli species to the dairy environment results in the formation of robust biofilm in recombined milk 
processing lines [39]. Disruption of such biofilms is the cause of the dissemination of resistant spores in the dairy 
environment and subsequent contamination of finished products. Hence, dispersion is largely involved in cross 
contamination problems and has a crucial meaning in recombined milk processing lines, since skimmed milk was 
reported to be the substrate in which bacteria such as B. cereus can easily disperse and disseminate in the dairy 
environment [40]. 

 
4. Biofilm characteristics of dairy-associated spore-forming bacteria 
 

Both mesophilic and thermophilic spore forming bacteria are known as efficient biofilm formers on dairy 
processing stainless steel equipment. The most recalcitrant biofilm associated with dairy processing plants, are 
those which form at critical locations such as heat exchanger [41,42] or dead ends, corners, cracks, crevices gaskets, 
valves and the joints of stainless steel milking pipes [33]. The formation of biofilms is initiated by the attachment 
of both vegetative cells and spores. Several factors affect the attachment of microorganisms to dairy processing 
line surfaces and the subsequent biofilm development will occur most readily on surfaces that are rougher, more 
hydrophobic, and coated by surface conditioning films [43]. Regarding the last item, dairy biofilms are 
predominated by bacterial extracellular polymeric substances (EPS) and milk residues, referred to as biofouling 
[44, 45]. Moreover, they are characterized by rapid development (< 12 h) [45].  According to Burgess et al. 
thermophilic bacilli such as Geobacillus or Anoxybacillus flavithermus are characterized by a fast growth rate 
(generation time of approximately 15–20 min) and have a high propensity to readily form biofilms on stainless 
steel equipment. While the making of a mature biofilm takes several hours to several weeks, depending on the 
system under development [46], in dairy processing environments only a few hours are required for thermophilic 
bacilli to form young mature biofilms, approximately 6 h both in-vitro [38]and in- situ inside milk pipelines (Fig. 
4). As previously outlined [43], the time available for biofilm formation will depend on the frequency of cleaning 
and disinfection regimes.  

Furthermore, as previously reported [20], biofilm which develop on dairy processing equipment are 
characterized by a high structural diversity in both mesophilic and thermophilic bacilli, reflecting adaptations to 
specific niches (Fig. 5), as well as rapid dispersal which occurs in lesser than 20 h (Fig. 6). Both characteristics 
are significant resistance factors to cleaning procedures. Indeed, the variability in the biofilm structure of the 
mesophilic B. cereus [47, 48], or the thermophilic Geobacillus stearothermophilus [36], is assumed to influence 
the control of these bacteria in the dairy industry, whereas, dispersion is involved in cross-contamination problems.  
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Fig. 4.  Young and old biofilms formed in situ in recombined milk processing lines. (a) an overview of 7 days old 
biofilm, developed on stainless steel coupons introduced inside milking pipes at post-pasteurization locations. (b 
and c) points of (a) at high magnification, (c) 6 h old biofilm formed between two production runs on the bottom 
of (a) (white circle). 
 

      
Fig. 5. Structural diversity of in-vitro dairy-
associated spore- forming bacteria biofilms 
developed on stainless steel. (A) An overview of a 
heterogeneous extensive Geobacillus biofilm, at low 
magnification. (B) Compact tree-dimensional 
mushroom-like structure of B. cereus biofilm. 

Fig. 6.  ESEM micrographs of 20 h old biofilms on 
stainless steel at advanced dispersal stage. The end of 
biofilm dispersal imaged as cell-free EPS-matrix 
debris in B. cereus (a) and EPS-matrix fragments 
crossed by deep cellular imprints devoid of dispersed 
cells in thermophilic bacilli (b). 

 
5. Dispersion vs cross-contamination and control of biofilms 
 

Dispersion is a generalized term used to describe the release of cells, either individually (active dispersal) or in 
groups (passive dispersal) from a biofilm or substratum (Fig. 1b).  In active dispersal, planktonic cells are released 
from the biofilm, in response to an antibiofilm stimulus like nutrient starvation or dispersal signal release, while 
passive dispersal is induced by an external force, like shear forces which cause the complete or partial destruction 
of the biofilm (2,4]. Detachment or dispersion as the final stage of biofilm development is an essential step of the 
biofilm cycle life, which acts as a potent mean of disseminating bacteria with enhanced colonization properties in 
the surrounding environment [5]. Thus, the transfer of bacteria from biofilm through dispersion has a crucial 
meaning regarding cross contamination in the food industries. Cross-contamination occurs when adhered bacteria 
detach (dispersed cells) and contaminate the product as it passes the surface, making biofilms the main source of 
bacterial contamination of the final products in dairy processing plants [49, 50]. Dispersion process is also 
important as a potential control point for the manipulation of biofilm development and novel biofilm dispersal 
strategies that can more effectively release biofilm-associated microbes from the protection of the EPS could 
improve anti-biofilm therapeutics or industrial biocides [50, 51].   
 
6. Dispersion styles in dairy-associated spore-forming bacteria 
 

Microorganism carrier-surface method allowed the observation of dispersion process in young biofilms. Indeed, 
non-submerged biofilms developed on stainless steel surfaces by B. cereus and thermophillic bacilli strains 
underwent rapid dispersion, as they were at advanced dispersion stages after 20 h cultivation (Fig. 6). This indicates 
that this biofilm model supported fast growth of cell-rich biofilms resulting in rapid dispersal, following nutrient 
starvation, inasmuch as chemical gradient within biofilms is assumed to be the driving force of dispersion [4]. In 
addition, dispersion occurred in the way called seeding dispersal or central hollowing, previously described for P. 
aeruginosa biofilms cultured in flowing systems [52, 53]. Indeed, non-submerged biofilms developed under static 
conditions were substantial structures with high colony diameters of > 40 μm, previously reported as a threshold 
required for hollow cavity formation to occur in P. aeruginosa biofilms [24]. It is worthy to note that structural 
and dispersal similarities recorded for biofilms formed in batch system and biofilms in dynamic systems increase 
the score of the non-submerged assay as an efficient biofilm cultivation system. In addition, various dispersion 
styles were obtained by this simple biofilm model, from more conventional seeding dispersal to an original 
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dispersion style not previously described and observed in thermophillic bacilli strains (Fig. 7). Cells were released 
from large compact biofilms through small holes performed in the matrix using sharped tools. This strategy to 
leave the biofilms was also observed in B. cereus compact mushroom-like biofilm (unpublished data). Unlike 
recognized dispersing mechanisms, this unusual strategy to escape from the biofilm appears not to rely upon the 
well-documented biochemical matrix degrading [12-15], but on a physical process which consisted of piercing the 
matrix surface using well-defined geometrical sharped structures most likely of crystalline nature. Crystal 
structures in biofilms have mainly been ascribed to mineral formations in specific biofilms characterized by high 
rates of minerals [54]. Such high content in minerals has neither been reported for B. cereus matrix biofilms, 
mainly composed of polysaccharides, proteins and eDNA [55], nor for thermophilic bacilli biofilms. Thereby, the 
observed piercing tools should rather be organic formations mainly polysaccharides or/and proteins. More in-depth 
investigations are required to elucidate such dispersion style.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 7.   An original dispersion style in thermophilic bacilli biofilms. (a)  large compact biofilms formed in stainless 
steel crevices. (b and c) areas of (a) at higher magnification. White arrows showed vegetative cells released from 
the biofilm through small holes in the EPS-matrix. Other small holes are obvious at different points of the upper 
surface of these biofilms (white dashed arrows). Black arrows show various well-defined sharped structures 
emerging from the matrix or still piercing it (black dashed arrows). Adapted from [20]. 
 
7. Conclusion 
 

The use of microorganism carrier-method as a simple static batch biofilm model combined with ESEM imaging 
or simply crystal violet staining enabled the investigation of biofilm structure and dispersion in dairy-associated 
spore forming bacteria. Biofilm structures developed according to this methodological approach were successfully 
resolved either in optic microscopy or high resolution ESEM which allowed the observation of authentic biofilms, 
in their native state. Dispersion process was also well resolved in both microscopic techniques. The recovery of 
dispersed cell, which is a limitation in dispersal assays, is possible following ESEM imaging. Knowing that 
techniques to properly harvest dispersed cells are needed, this simple and easy-to-control methodological approach 
should meet this requirement. 
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