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Biofilms belong to a group of microorganisms including bacteria 
which can live and reproduce as a unit known as a colony 
(Bjarnsholt et al. 2013a). These biofilms are particularly living 
biomass possessing a sophisticated complex structure that 
continues to challenge researchers in this field. Their structure 
protects and enables the growth of their colonies. Modern 
understanding of biofilms defines them as an immobile and 
complex structure comprised of single or multiple species of 
bacteria, cellular by-products, and host cells, in which the cells 
are attached irreversibly to the surface and encased in an 
extracellular polymeric substance produced by bacteria 
(Bjarnsholt et al. 2013b). 
The complex three-dimensional architecture of Biofilm 
formation is a multi-step process. These stages involve the 
initial reversible attachment of planktonic microorganisms to 
a pre-conditioned surface, followed by a transition to 
irreversible attachment as the biofilm forms, facilitated by the 
production of extracellular polymeric substances (EPS). 
Microcolonies then develop into mature biofilm, and cells 
eventually disperse from the biofilm into the surrounding 
environment. The key feature involves the dynamic simulation 
between the microorganisms and their environment. Biofilms 
pose significant challenges in food industries due to their 
physical structure, which makes them more defensive to 
environmental stressors such as antimicrobials and 
disinfectants (Olanbiwoninu and Popoola 2023). 
In food processing units, biofilms can cause severe 
contamination and foodborne illness due to their association 

with pathogenic bacteria. The surfaces used in food processing 
including glass, polyethylene, and stainless steel are the 
underlayers for biofilm formation. Listeria, Campylobacter, 
and   Salmonella are the common pathogens capable of forming 
biofilms on these surfaces with organic residues which will 
promote their growth and can cause significant health risks. 
Understanding the environmental factors such as nutrient 
availability and fluid dynamics, which can promote the growth 
of biofilms are the key factors for developing a targeted 
intervention (Sharma et al. 2023). Despite these challenges, 
biofilms are universally harmless. In certain cases, biofilms 
play beneficial roles such as in fermentation processes, where 
the microbial communities associated with it can enhance the 
biochemical and sensory properties of food products. Even so, 
the key focus will be on mitigating the risk associated with 
forming pathogenic biofilms to assure food safety. 
BIOFILM FORMATION AND CHARACTERISTICS: 
Mechanisms of biofilm formation 
Biofilm development is a complex process that occurs in five 
distinct stages: initial attachment, bacterial aggregation, 
microcolony formation, maturation, and dispersion. The 
process begins with the initial attachment of free-floating 
planktonic bacteria to surfaces, mediated by bacterial 
appendages such as pili and flagella, as well as other physical 
forces (Gupta et al. 2015; Joo and Otto 2012; Speziale and 
Geoghegan 2015). This attachment is often transient and 
reversible, influenced by factors including temperature, 
pressure, bacterial properties, and surface composition 
(Büttner, Mack, and Rohde 2015). 
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Biofilms are complex communities of microorganisms attached to the surfaces and can cause cross-contamination of 

foods. Biofilms are irreversibly linked with a surface inside an extracellular polymeric substance matrix (EPS) which 

is challenging for the food industry. There exists an urgent need for disinfectants or new technologies to restrict 

reversible and irreversible attachment which are the main cause of surface tension of microorganisms that leads to 

surface adhesion. Many articles have reported the negative effects of biofilm production in the food industry and the 

role of microorganisms such as Bacillus cereus, and Listeria monocytogenes in foodborne diseases. This review paper 

discusses the formation and characteristics of Biofilm, the structure and composition of biofilms, factors influencing 

biofilm development, the presence of biofilms in food processing environments, the type of microorganisms present 

in the biofilms, and strategies and controlling measures for preventing biofilm formation. The article also discussed 

some positive impacts of biofilms in various applications. 
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Figure 1: Stages of biofilm formation 

In the bacterial adhesion and aggregation phase, bacteria 
undergo a more stable adhesion process referred to as the 
anchoring or latching phase (An, Dickinson, and Doyle 2000). 
This involves molecularly coordinated binding between specific 
adhesins on the bacterial surface and the substratum, 
facilitated by the production of extracellular polymeric 
substances (EPS) that interact with surface materials and 
receptors (Leung et al. 1998; Vacheethasanee and Marchant 
2000). This results in a permanent attachment of bacteria to 
the surface. Following adhesion, microcolony formation occurs 
where bacterial cells multiply and form microcolonies within 
the EPS matrix. This stage is driven by chemical signaling and 
the formation of micro-communities, which are essential for 
waste elimination, nutrient flow, and substrate exchange 
(Costerton, Stewart, and Greenberg 1999; McKenney et al. 
1998). 
In the maturation phase, biofilm structure becomes more 
complex as bacterial cells secrete signaling factors that 
enhance biofilm stability and protect against antimicrobial 
agents. The EPS matrix strengthens and protects the biofilm, 
facilitating further bacterial growth and biofilm 
maturation(Gupta et al. 2015). The final stage, dispersion, 
involves the release of bacteria from the biofilm into the 
surrounding environment, enabling their spread and potential 
to cause infections. This process is crucial for biofilm expansion 
and can lead to chronic infections and severe conditions like 
embolic complications, necessitating prompt medical 
intervention (Veerachamy et al. 2014). 
Structure and Composition of Biofilms 
Biofilms are intricate microbial communities embedded in a 
self-produced extracellular matrix (ECM) composed of 
extracellular polymeric substances (EPS), including 
polysaccharides, extracellular DNA (eDNA), and proteins. This 
matrix accounts for 75% to 90% of the biofilm's structure, 
providing a sticky, resilient framework that binds cells together 
and facilitates nutrient flow (Boels 2011; Lu and Collins 2007). 

The remaining 10% to 25% comprises microbial cells. The ECM 
also contains water channels or interstitial spaces that aid in 
nutrient cycling and waste removal. 
Advanced imaging techniques, such as confocal scanning laser 
microscopy, have enhanced our understanding of biofilm 
structure, revealing its complex arrangement of microbial cells 
and EPS. The biofilm structure and composition vary based on 
environmental conditions, microbial species, and nutrient 
availability. In addition, biofilms in different environments 
may include noncellular elements like corrosion particles, 
blood components, and mineral crystals. Biofilms in water 
systems are more diverse and complex, whereas those in 
medical devices often consist of single-species communities 
with a mix of diatoms, bacteria, and environmental debris. 
Factors Influencing Biofilm Development 

Biofilm formation is influenced by various factors, including 
the chemical composition of the substratum, pH, temperature, 
water current and oxygen concentration. Substratum 
materials, such as rubber, glass, stainless steel, and polymers, 
can support biofilm growth (Chia et al. 2009). Temperature 
variations in different environments, from 18°C in freezers to 
over 100°C in sterilizers, affect biofilm characteristics by 
influencing the physiological state of bacterial cells and the 
physical properties of compounds (Villain-Simonnet, Milas, and 
Rinaudo 2000). Oxygen concentration also plays a crucial role, 
as microorganisms adapt to varying levels of oxygen diffusion 
in their environments, whether attached to surfaces or free-
living in aquatic settings (Morris and Schmidt 2013). The 
bacterial cell type factors like strains/species, production of 
EPS , gene expression and Quorum sensing systems in bacteria 
influences the production of biofilm.(Fig:2). QS plays a crucial 
role in biofilm maturation processes because bacteria regulate 
collective behavior and track cell density (Zhao.et al 2017). 
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Figure 2: Biofilm architecture and function are the product of a complex interactions (Whitehead & Verran 2015). 

 
BIOFILMS IN FOOD PROCESSING ENVIRONMENTS: 
The formation of microbial biofilm is a very complex process. 
Firstly, organic molecules from food are deposited on the 
surfaces of equipment. Secondly, biologically active 
microorganisms are attracted to the conditioned surfaces. 
Thirdly, some microbial cells remain even after cleaning and 
sanitizing and initiate growth. Lastly, larger biofilms are 
formed with the help of expression of genes and quorum 
sensing. In the process of biofilm formation, properties of 
substratum and cell surfaces, surrounding environmental 
factors, and genetic regulation of bacteria play an important 
role in reversible or irreversible attachment, and micro-colony 
formation to a large biofilm(Langsrud 2015). 
The growth of biofilms is highly influenced by the solid surface 
facilities in the food processing industry. The physical 
characteristics of the solid surfaces such as critical surface 
tension facilitate the initial attachment of microbial 
communities. Bacterial adhesion is highly promoted in high-
energy and wet surfaces.   Hydrophilic regions such as stainless 
steel, glass, etc. are the most common sites for bacterial cell 
attachment than hydrophobic regions like Buna-N rubber and 
other plastics. Stainless steel type 304, is an ideal material 
widely used in the fabrication of equipment in the food-
processing industry due to its physico-chemical stability and 
high corrosion resistance. Similarly, Teflon and other plastics 
have been used in the production of gaskets and accessories of 
instruments. With continuous reuse, these types of surfaces 
will become rougher and it protects bacteria from shear forces 
in the food fluid. 
The bacterial attachment also depends on the conditioning of 
the substratum. The organic molecules such as proteins from 
pork, beef, milk, and even the EPS produced by bacteria could 
form a film around the substratum. It is found that many of the 
food-contact surfaces such as Teflon and Stainless steel have 
been found to attract the milk proteins and form conditioned 
substrata, which may inhibit or encourage the bacterial 
attachment based on the concentration of milk. The 
substratum conditioned by diluted milk facilitates bacterial 
attachment more easily than that of whole milk and it was also 
assumed that the presence of some proteins like bovine serum 
album (BSA) inhibits the attachment of  bacteria to various 
surfaces. In summary, the initiation of bacterial attachment is 
influenced by the surface properties of the conditioned 
substrate. 
Most Relevant Biofilms in the Food Industry 

In the food industry, biofilms are a significant concern due to 
their ability to form on various surfaces, leading to 
contamination and spoilage. The diverse substrates found in 
food processing environments, such as wood, glass, stainless 
steel, polyethylene, rubber, and polypropylene, can act as 
surfaces for pathogenic biofilm formation. This poses 
challenges in cleaning and disinfection, making it crucial to 
understand and manage these biofilms effectively. Below are 

some notable examples of biofilm-forming pathogens relevant 
to the food industry: 
1.Listeria monocytogenes 
Listeria monocytogenes is a Gram-positive bacterium known 
for its ability to form biofilms on surfaces like polypropylene, 
steel, rubber, and glass. This pathogen is a major concern in 
the food industry due to its persistence and potential to cause 
serious health issues such as septicemia, meningitis, and in 
pregnant women, miscarriage or stillbirth. It is listed among 
the top five foodborne pathogens by the World Health 
Organization (WHO) (Langsrud 2015). The bacterium can thrive 
in various environments, including soil, water, and animal 
feces, and poses a significant threat due to its resistance to 
common disinfection methods (Rothrock et al. 2017).  
2.Pseudomonas spp. 
Pseudomonas spp. are Gram-negative bacteria that are well-
studied for their biofilm-forming capabilities. They are 
commonly found in refrigerated foods, particularly those high 
in protein such as meat, poultry, and dairy products. These 
bacteria are known for their resistance to conventional 
cleaning methods and can cause food spoilage, characterized 
by rancidity, off-odors, and pigmentation changes (Korber, 
Mangalappalli-Illathu, and Vidovic’ 2009). Pseudomonas 
biofilms are particularly problematic due to their ability to 
persist in both solid-liquid interfaces and complex food 
processing environments. 
3.Shewanella putrefaciens 
Shewanella putrefaciens is frequently associated with food 
spoilage, especially in marine environments. It thrives under 
various temperature conditions and can produce volatile sulfur 
compounds responsible for off-flavors in meat, poultry, and 
seafood. Its biofilm formation presents significant challenges 
for food processing industries, impacting the quality and safety 
of products (Carrascosa et al. 2021; Korber, Mangalappalli-
Illathu, and Vidovic’ 2009). 
4.Salmonella enterica 
Salmonella enterica, a Gram-negative bacterium, is notorious 
for causing foodborne illnesses such as gastroenteritis and 
septicemia. It can form complex biofilms on surfaces like 
stainless steel, exhibiting a range of morphologies depending 
on nutrient availability. Salmonella biofilms are a major 
concern in food processing plants due to their potential for 
cross-contamination and the risk of outbreaks (Wang et al. 
2016). 
5.Bacillus cereus 
Bacillus cereus is a Gram-positive, spore-forming bacterium 
that exhibits remarkable resilience to heat, chemicals, and 
radiation, allowing it to persist in various environments from 
4°C to 50°C (Bottone 2010). This bacterium is commonly found 
in soil and can contaminate a range of food products, including 
dairy, rice, vegetables, and meat. Its spores enable it to 
endure pasteurization, making it a frequent contaminant in 
dairy products and other foods (Carrascosa et al. 2021). B. 



 
403 

cereus forms biofilms on food contact surfaces like stainless 
steel pipes, conveyor belts, and storage tanks. These biofilms 
can produce toxins leading to severe foodborne illnesses with 
emetic and diarrheal symptoms (Galié et al. 2018a). 
Additionally, B. cereus biofilms secrete various bacteriocins, 
metabolites, surfactants, and enzymes such as proteases and 
lipases, which can negatively affect food quality (Grigore-
Gurgu et al. 2019). Although its flagella are not directly 
involved in adhesion to surfaces like glass, they play a crucial 
role in motility and spreading on non-colonized surfaces, 
contributing to effective biofilm formation (Carrascosa et al. 
2021; Houry et al. 2010). The persistence of B. cereus in food 
processing environments presents significant challenges for 
contamination control. 
6.Enterohemorrhagic Escherichia coli (EHEC) 
Enterohaemorrhagic Escherichia coli (EHEC), particularly the 
O157 serotype, is a significant foodborne pathogen known for 
causing severe diseases such as bloody diarrhea and hemolytic 
uremic syndrome (HUS) (Carter et al. 2016; Gould et al. 2013). 
This bacterium is characterized by its ability to form biofilms 
on various surfaces within food processing environments, which 
complicates control measures. EHEC utilizes pili, flagella, and 
membrane proteins for attachment and biofilm formation, 
enhancing its resistance to disinfectants and contributing to its 
persistence (Carrascosa et al. 2021; Galié et al. 2018b). The 
widespread dissemination of E. coli in natural environments is 
largely attributed to its biofilm-forming capabilities, making it 
a serious concern for food safety. Despite the challenges posed 
by EHEC biofilms, there is no effective means to prevent their 
formation or treat EHEC infections comprehensively, as 
antibiotic treatment can exacerbate conditions like HUS and 
kidney failure (Lee et al. 2007). 
7.Campylobacter jejuni 
Campylobacter jejuni is a Gram-negative bacterium that forms 
biofilms under both microaerophilic and aerobic conditions. It 
is a common cause of bacterial gastroenteritis and can survive 
outside the avian intestinal tract, contaminating food products 
like unpasteurized milk (Chlebicz and Śliżewska 2018). Biofilm 
formation by C. jejuni in food processing environments can 
contribute to its persistence and pathogenicity (Carrascosa et 
al. 2021; Klančnik et al. 2020). 
8.Geobacillus stearothermophilus 
Geobacillus stearothermophilus is a thermophilic, spore-
forming bacterium that can form biofilms on stainless steel 

surfaces in processing equipment such as evaporators and heat 
exchangers. Its ability to produce spores and survive in high 
temperatures makes it a challenge in the dairy industry, where 
it can contaminate milk during processing (Carrascosa et al. 
2021; Wu et al. 2019). 
9.Anoxybacillus flavithermus 
Anoxybacillus flavithermus is a Gram-positive, thermophilic 
bacterium that forms biofilms in the dairy industry, 
particularly in milk powder processing. Its spores are highly 
heat-resistant, and its vegetative cells can grow at high 
temperatures, leading to contamination issues in milk powder 
production (Carrascosa et al. 2021; Sadiq et al. 2017). 
10.Pectinatus spp. 
Pectinatus spp. are anaerobic Gram-negative bacteria found in 
breweries, particularly in unpasteurized beer. These bacteria 
form biofilms due to sanitation problems and can cause 
spoilage in the brewing industry, affecting the quality of the 
beer (Carrascosa et al. 2021; Paradh, Mitchell, and Hill 2011). 
11.Synergistic Pathogens 
In food processing environments, mixed-species biofilms can 
form, where pathogens such as Aeromonas hydrophila, Listeria 
monocytogenes, Salmonella enterica, and Vibrio spp. Interact 
synergistically. These interactions can complicate control 
measures and contribute to significant health and economic 
issues. Synergistic interactions in biofilms can be influenced by 
quorum sensing, which regulates biofilm production and 
dispersion (Carrascosa et al. 2021; Mizan, Jahid, and Ha 2015). 
The other pathogens in food spoilage include yeast and fungal 
biofilms. These are highly adaptable to environmental 
conditions including extreme temperature and low -pH. Yeast 
is capable of metabolizing the acid added to foods as 
preservatives leading to the spoilage of products like fruit 
juices and dairy items. Certain molds can grow even in the 
presence of commonly used antimycotics, further complicating 
food preservation efforts(Huis In’t Veld 1996). Overall, 
controlling biofilm formation by various microorganisms is 
crucial in maintaining food safety and preventing outbreaks of 
foodborne illnesses. 
DETECTION AND MONITORING OF BIOFILMS 
Microbial biofilms are major concerns in the sectors like 
healthcare, and food industries due to resistance possessed by 
the bacteria to the available conventional antibiotics and 
cleaning procedures which will lead to persistent 
contamination (Table 1). 

Table 1: Different strategies for the detection and monitoring of biofilms. 

 

Devices 
Systems 

used 
Techniques Reference 

 
 
 
 

 
Sensing 
Devices 

Optical 
sensors 

Fiber optics 
Brillouin spectroscopy 
Surface Plasmon Resonance (SPR) White light 
interferometry 
Localized Surface Plasmon resonance (LSPR) 

(Abadian et al. 2014; Funari et al. 
2018; Funari and Shen 2022; 
Mattana et al. 2017) 

Mechanical 
systems 

Quartz crystal microbalance (QCM) 
Quartz tuning fork oscillators Surface acoustic 
wave (SAW) Interfacial rheometer and 
tensiometer 

(Berkenpas, Millard, and Pereira da 
Cunha 2006; Sprung et al. 2009; 
Waszczuk et al. 2012) 

Electrochemi cal 
sensors 

Impedimetric sensors 
Potentiometric/amperometric sensors 

(Funari and Shen 2022)  

Sensor-free 
devices 

Microfluidics Microfluidic chip for images (Parvinzadeh Gashti et al. 2016; 
Pousti et al. 2018) 

Flow cells Calgary device Robbin's 
device CDC biofilm reactor 

(Ceri et al. 1999; Goeres et al. 
2005; Kharazmi, Giwercman, and 
Høiby 1999) 

Biofilm 
dynamics 

Optical 
systems 

Planar optodes 
Doped micro/nanoparticles 

(Funari et al. 2018) 

Electrochemical 
sensors 

Microelectrode probes (Funari et al. 2018) 

Mechanical 
systems 

Interfacial rheology 
Tensiometry 

(Funari et al. 2018) 
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Table 1: Various innovative methods available for the detection and monitoring of biofilms - Devices, Systems used, and Techniques 
CHALLENGES POSED BY BIOFILMS 
Biofilms pose significant challenges in food processing due to 
their role as reservoirs for potentially harmful microorganisms 
that can cross-contaminate food and lead to spoilage or 
foodborne illnesses [52,53]. These microbial communities 
adhere to surfaces in food processing environments and are 
notoriously difficult to eradicate with conventional cleaning 
and disinfection methods. Standard biocides and sanitizers, 
which are effective against planktonic  cells, often fall short in 
eliminating biofilms due to the protective extracellular matrix 
and complex structure of these microbial clusters (Chylkova et 
al. 2017; Corcoran et al. 2014). Research has shown that 
biofilms exhibit a higher tolerance to sanitizers compared to 
single-species biofilms, and the effectiveness of biocides is 
further compromised when microbial communities are exposed 
to suboptimal concentrations due to improper use or dilution 
(Alvarez-Ordóñez et al. 2019; Fagerlund et al. 2017; Giaouris 
et al. 2013). 
To combat these challenges, innovative approaches are being 
explored, including the modification of food processing 
surfaces to prevent microbial adhesion. Advances in surface 
coatings, such as diamond-like carbon and fluoropolymer 
coatings, have demonstrated reduced biofilm formation and 
improved cleaning efficacy (Gomes et al. 2018; K. Huang, 
McLandsborough, and Goddard 2016). Additionally, the 
development of novel disinfectants and antimicrobial agents, 
including enzymatic detergents and electrolyzed water, offers 
promising alternatives for biofilm control. Enzymes such as 
DNase and proteases target the biofilm matrix directly, while 
electrolyzed water has been effective against various 
foodborne pathogens (Alvarez-Ordóñez et al. 2019; Brown et 
al. 2015; Han et al. 2017). 
Overall, tackling the biofilm problem requires a multifaceted 
approach, integrating novel materials, improved disinfection 
methods, and targeted antimicrobial treatments to enhance 
food safety and processing efficiency. This comprehensive 
strategy is crucial for overcoming the limitations of traditional 
biocides and addressing the persistent issues posed by biofilms 
in food processing environments (Alvarez-Ordóñez et al. 2019; 
Kim et al. 2017; Puligundla and Mok 2017). 
STRATEGIES FOR PREVENTING AND CONTROLLING BIOFILMS 
Several chemical sanitizers can be used for biofilm treatment 
to decrease the level of microbial population to a level that is 
safe for humans and the process is called sanitization (Schmidt 
1997). It is essential to sanitize the food processing equipment 
to prevent the cross-contamination of food batches. Chlorine-
based sanitizers are commonly been used in the food industries 
but it is found that some microbes such as S.enterica show 
resistance to chlorine due to its cellulose production prototype 
(Y. Yang et al. 2016). Similarly, Aqueous CIO2 has also been 

used in the food industry and found to be effective against the 
endospores present inside biofilms on steel surfaces (Nam et 
al. 2014). NaOCl is an effective chemical used for removing 
biofilms formed on polypropylene and stainless-steel surfaces. 
However, pathogens like Cronobacter sakazakii were resistant 
to treatment using NaOCl (Bayoumi et al. 2012). H2O2 is 
another potent oxidizing agent used as a disinfectant in the 
food industry. It can destroy the biofilm structure even at a 
concentration of 0.008-5% without any toxic side effects. H2O2 
in combination with acetic acid generates a strong oxidant 
known as peracetic acid which is found to be effective for the 
treatment of S. aureus and L. monocytogenes populations 
(Srey, Jahid, and Ha 2013). 
Another toxic gas that show high oxidizing activity is Ozone. It 
is capable of destroying various microorganisms including 
viruses, protozoans, and even biofilms by the breakdown of 
cellular envelopes. It is mainly used in the dairy industry to 
restrict the growth of mold on cheeses, powdered formulas, 
and stainless-steel structures (Varga and Szigeti 2016). 
Quaternary ammonium compounds known as Metaquats were 
also used in the food industry for the removal of biofilms as 
they can disrupt the bacterial cell membrane which leads to 
bacterial lysis. Even though certain strains like L. 
monocytogenes were found to be resistant against quaternary 
ammonium sanitizers (Varga and Szigeti 2016). Other less 
common sanitizing agents including salicylate-based 
polyanhydride esters were found to inhibit the biofilm 
formation of S. enterica even in the initial stages (Varga and 
Szigeti 2016). Similarly, synthetic brominated furanone F202 is 
also an uncommon sanitizer used to prevent the biofilm growth 
of bacteria including S. enterica and E. coli O103:H2 by 
targeting the flagellar motion of both bacteria (Vestby et al. 
2014). 
Enzymatic Disruption 
As the enzymes have low toxicity and are biodegradable, they 
are considered to be the most effective countermeasures 
against biofilm formation and therefore they are extensively 
used in the food industry as detergents (H. Huang et al. 2014; 
Torres et al. 2011). As biofilms are mostly composed of organic 
molecules like proteins and polysaccharides, enzymes like 
proteases and glycosidases can be employed as the first option 
for the removal of biofilms (Boels 2011; Meireles et al. 2016). 
Likewise, Pectin methylesterase is another enzyme used in the 
bioreactors against biofilm (Torres et al. 2011). Other enzymes 
like lyases, cellulases, amylases, glycosidases, and DNAses, are 
widely used in food industries to remove the biofilms formed 
by bacteria like S. aureus and P. aeruginosa (Coughlan et al. 
2016).  
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Figure 3: Different types of enzymes used in the food industry for removing biofilms 

 
Bacteriophages 
The application of bacteriophages as an anti-biofilm agent is 
found to be a promising strategy as it can specifically destroy 
prokaryotic cells (Fister et al. 2016; Iacumin, Manzano, and 
Comi 2016). The only limitation of this approach is the inability 
of the bacteriophages to target the bacterial cells inside the 
biofilm due to the intricate biofilm structure and the existence 
of extracellular material which will prevent phage diffusion 
(Pires et al. 2016). However, the phages containing 
exopolysaccharide depolymerase can enhance the phage 
invasion and dispersion process through the biofilm under 
treatment. Endolysins and virion-associated peptidoglycan 
hydrolases have also been employed as agents for the removal 
of biofilm as they can penetrate the biofilms more easily 
(Gutiérrez et al. 2014; Shen et al. 2013). 
Other techniques 
The resistance of bacteria against the conventional control 
measures highlights the need for alternative techniques. One 
of the promising approaches involves nanoparticles due to their 
unique properties such as large surface-to-volume ratio which 
distinguishes them from other chemicals (Beyth et al. 2015). 
Some studies found that the biofilm formation of microbes such 
as Geobacillus stearothermophilus and Bacillus licheniformis 
can be prevented in stainless steel surfaces coated with 
modified plastic Ni-P-polytetrafluoroethylene (Beyth et al. 
2015). Biosurfactants are natural compounds of microbial 
origin that can bind on the surface of the target microbe and 
alter its binding ability by reducing surface tension. These can 
intrude into the microbial cell membranes and alter the 
permeability, leading to disruption and cell death (Coronel-
León et al. 2016). Quorum sensing is a widely distributed 
intercellular mechanism used by bacteria to regulate gene 
expression. Inhibition of Quorum Sensing is another important 
strategy against biofilm formation (Parsek and Greenberg 2005; 
L. Yang and Givskov 2015). 

Over the last few years, biofilms have emerged as major 
concerns in the food industry. It is a relevant topic to be 
discussed, due to its potential to contaminate foods through 
biofilm formation and can lead to severe health issues for the 
public. About 20 % of food poisoning is caused due to biofilms 

and they exhibit antibiotic resistance up to 1000 times greater 
than their free-floating (planktonic) counterparts. There are 
numerous bacterial species which are involved in the biofilm 
formation. Cleaning and disinfecting the food processing 
facilities were challenging due to the complex structure of 
biofilms. For these reasons new technologies need to be 
developed to eliminate these biofilms, otherwise, they will 
become a high risk to the public once they form. Many studies 
have reported the capability of bacteria to form biofilms is 
greater than the discoveries and elimination of the biofilms is 
challenging. There exists an urgent need for new non-
destructive technologies to understand biofilms and 
incorporate these findings into the biofilm diagnosis in food 
industries, for a better understanding of biofilms and microbes 
and future applications in the food industry. 
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