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Summary The formation of bacterial biofilm in dairy plant is the main source of milk and rela-

ted dairy products contamination which is commonly related to improper Cleaning and
Disinfection (C&D). Cleaning-In-Place (CIP) is the conventional process described to clean
and remove on milk residues and bacterial contaminants from dairy processing lines. In
this study, effectiveness of 3, 5 and 7 steps CIP protocols was evaluated against Entero-
coccus faecalis (E. faecalis) mature biofilms formed on stainless steel (SS) coupons. The
results revealed that the most effective treatment was the 7 step protocol based on 2%
sodium hydroxide (NaOH) cleaning combined with 3% enzyme mixture at 50°C for 20
minutes followed by 1% nitric acid (HNO,) at 55°C for 20 minutes and completed by
0.5% quaternary ammonium at 25°C for 20 minutes showed a significant difference in
the number of recovered cells between untreated and treated coupons with a value of
5.32 log cfu/cm? which was a very satisfying reduction level followed by CIP 2 with 4 log
reduction value and CIP 1 presented by 3.14 log reduction. Even with 5 log reduction,
a complete E. faecalis biofilm removal was not reached, showing persistence of mature
biofilm to C&D protocols.

Keywords: biofilm, cleaning in place, dairy industry, Enterococcus faecalis,
stainless steel
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Introduction

Biofilm is a complex community enclosed in a self-produ-
ced organized matrix, mainly composed of extracellular
polymeric substances (EPS) formed on biotic or abio-
tic surfaces (Costerton, 2004). The biofilm formation is
one of the common ways adapted by bacteria to develop
coordinated three dimensional structures that promote
and increase their tolerance, resistance and persistence to
sanitizers (Satpathy et al., 2016; Flemming and Wingen-
der, 2010).

Various spoilage and disease-causing bacteria can attach
and form biofilms in milk processing lines (Weber et al.,
2019; Cherif-Antar et al., 2016; Srey et al., 2013; Malek et
al., 2012; Sharma and Anand, 2002). Biofilm formation is
favoured by both milk residues and environmental con-
ditions during milk processing (Flint et al., 2015). Dairy
biofilms can act as a harbour and/or substrate for other
microorganisms’ weakly biofilm producers, increasing the
probability of pathogens survival and further spread during
milk processing. They may also lead to post-pasteurisation
contamination and cross contamination affecting the quali-
ty, functionality and safety of dairy products. Bacterial bio-
film has become one of the most worrisome food hygiene
problems, threatening human health and causing great eco-
nomic losses (Gupta and Anand, 2018; Mgretrgand Langs-
rud, 2017; Murpy et al., 2016).

C&D in dairy industry are very important to ensu-
re microbial food quality and safety. C&D have been in-
corporated into the CIP protocols in food manufacturing
industries (Romney, 1990; Zottola andSasahara, 1994). Tt
is well known that milk residues are composed of organic
and inorganic substances such as protein, butterfat, calcium
and iron which may promote the bacterial adhesion (Mit-
telman, 1998; Flint et al., 1997). Based on this deposits
nature, the standard CIP system used for dairy processing
lines is as follow: 1. a pre-rinse with cold water to remove
gross residues; 2. the circulation of alkaline and acid deter-
gent (separated or dual phases) to remove fat, protein and
mineral remaining residues; 3. an intermediate cold water
rinse to flush out detergent; 4. the circulationof disinfectant
to inactivate and reduce the surface population of viable
cells remaining after cleaning thus preventing their growth
on surfaces before production restarts; 5. the process is fi-
nished with a final cold water rinse to flush out disinfectant
(Mgretrg et al., 2012; Vlkova et al., 2008; Chisti, 1999).

C&D studies have focused on removal of spoilage and
foodborne pathogenic biofilms from food manufacturing
including Listeria monocytogenes, Bacillus cereus, Staphy-
lococcus spp., Campylobacter jejuni, Salmonella spp. and
Pseudomonas aeroginosa (Fagerlund et al., 2020; Kocotet
al., 2020; Garcia-Sanchez et al., 2019; Wang et al., 2016; Lee
et al., 2010).

E. faecalis is frequently isolated from clinical and food
samples (Cherif-Antar et al., 2016; Kibi et al., 2013; Fisher
and Phillips, 2009; d’Azevedo et al., 2006). In food, entero-
cocci species play an important role as a start cultures or
as probiotics (Cassenegoet al., 2011). It is well known that
various strains of this genus isolated from clinical, environ-
mental and food samples are resistant to several antimicro-
bial agents and form biofilms on biotic and abiotic surfaces
(Marinho et al., 2013). They are also used as an indicator
of faecal contamination (Moreno et al., 2006; Franz et al.,
2003). However, the European Food Safety Authority
(EFSA) does not recommend them in the qualified pre-
sumption of safety approaches (EFSA, 2008). It is difficult

to find in the literature references about effective cleaning
protocols against E. faecalis biofilms isolated from food
processing plants.

The aim of this study was to optimize the effective-
ness of C&D protocols to determine the most appropriate
combination of parameters (chemical agent concentration,
temperature and treatment time) of the highest effective
protocol (3, 5 and 7steps programs) in reducing E. faecalis
biofilms developed on SS surfaces.

Materials and methods

Strain origin

E. faecalis (lamaabe4-31) strain used in this study was iso-
lated from dairy post-pasteurization pipe after CIP appli-
cation. The strain was identified by Amplified Ribosomal
DNA Restriction Analysis (ARDRA) and 16S rDNA se-
quencing. Then, their capacity to form biofilm was evalua-
ted (Cherif-Antar et al., 2016).

Experimental system used for biofilm development
The experimental system used in this study for E. faecalis
biofilm development shown in fig. 1 was inspired from sys-
tems used by Gram et al. (2007) and Bagge et al. (2001).
It consists of two SS circles (AISI, 304), in which 12 SS
coupons are held in a vertical and a radial position. The SS
coupons are 2.5 cm long and 1 cm wide and have a thick-
ness of 1 mm. The whole system was placed in a sterile
beaker and covered with aluminum foil. Before starting
the bacterial cell adhesion step and biofilm formation,
the experimental SS system was previously cleaned and
sterilized according to the method described by Rossoni
and Gaylarde (2000). First, it was cleaned with Acetone
100%, washed by immersion in alkaline detergent [NaOH
1% (w/v), pH 13.2] for 1 hour, rinsed with sterilized water,
dried and cleaned with alcohol 70% (v/v). After that, they
were washed with sterile water, dried for 2 hours at 60°C
and autoclaved at 121°C for 15minutes.

Protocol used for biofilm development

An overnight culture of E. faecalis strain was obtained
from the stock on glycerol stored at —80°C and inoculated
into Brain Heart Infusion (BHT) broth (Merck) at 37°C for
18 h reaching approximately 9 log cfu/mL. Volume of 200
mL of BHI broth (Merck) previously sterilized and 50 mL

FIGURE 1: The experimental system used for the biofilm
formation of E. faecalis (a) SS device: two circ-
les on which 12 coupons are arranged vertical-
ly and (b) the device inside the sterile beaker.
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of BHI broth (Merck) containing the bacterial cul-
ture were added to the beaker at a final concentra-
tion of approximately 2.10® log cfu/mL. The whole
was incubated at 37°C under 100 rpm agitation. The
experiment lasted for 7 days in conditions without
renewal of the medium.

Effectiveness of C&D protocols

To investigate the effectiveness of caustic detergent,
acid detergent, enzyme mixture and disinfectant
combined or alone in reducing the number of atta-
ched cells to SS surfaces, a 7 days E. faecalis biofilm
was developed. Several protocols were applied with
the combination of concentration, temperature and
time of treatment value according to 3, 5 and 7 steps
protocols shown in table 1, 2 and 3, respectively.
Based on results from 3, both 5 and 7 steps proto-
cols were established. The cleaning chemicals used
were NaOH and HNO, while the disinfectant was
quaternary ammonium. The multi-enzyme mixture
tested was composed of Alpha Amylase, Protease
(subtilisin), Lipase and Mannanase (Mannan en-
do-1,4-beta-mannosidase). All chemical products
used in this study were provided by Henkel-Alge-
ria.

To recover the attached cells remaining after
treatment, each SS coupon was rinsed in 0.1% pep-
tone water for removal planktonic cells, and then
immersed into 10 mL of saline solution and sonica-
ted at 100 Hz for 30 sec using an ultrasonic appa-
ratus (Wise Clean-Ultrasonic Cleaner Set, DO6H),
then vortexed for 30 sec, this step was triplicated.
The resulting suspension was diluted in saline so-
lution and plated in triplicateon plate count agar
(PCA) (Fluka). Plates were incubated at 37°C for 48
h. Three replicates were performed for each treat-
ment. The control coupons did not receive treat-
ment, and their counts were used to calculate the
number of decimal reductions (log N cfu/cm?) due
to the C&D protocols.

Statistical analysis

Analysis of variance (ANOVA) were conducted on
the log transformed data to determine if any signi-
ficant differences (p <0.05) lay between the proto-
cols treatments exist using Matlab, The Mathworks
software.

Results

A total of 9 cleaning and disinfection protocols
were applied on E. faecalis mature biofilms for-
med on SS coupons. To evaluate the effectiveness
of chemical agents against biofilms NaOH, HNO,,
enzymes and quaternary ammonium were used.
The basic sequence of operations is based on 3, 5
and 7 steps CIP. For each program, concentration
of chemical agent, temperature and treatment time
were studied.

Effectiveness of caustic 3 steps CIP protocols
The effectiveness of 3 steps CIP protocols using
1 and 2% NaOH was determined against 7 days

E. faecalis biofilm. After 15 minutes of treatment at 90°C,
1% caustic cleaning achieved 3.98 log cfu/cm?. A close va-

TABLE 1: Description of the steps and combinations applied in the CIP

protocols 3 STEPS.
Protocols/ Description
Steps Chemical Concentration Temperature Time
agents (%:w/v) (°Q) (min)
1. Water
2. Caustic detergent NaOH 1-2 70-80-90 5-10-15-20
3. Water
1. Water
2. Acid detergent HNO, 1-15 55-65-75 5-10-15-20
3. Water
1. Water
2. Caustic detergent ~ NaOH at 2%+ 0.5-1-2-3 30-50-70 5-10-15-20
+Enzymes Enzymes mixture
3. Water

TABLE 2: Description of the steps and combinations applied in the CIP

protocols 5 STEPS.
Protocols/ Description
Steps Chemical Concentration Temperature Time
agents (%:w/v) (°Q) (min)
1. Water
2. Caustic detergent NaOH 2 80 10
3. Water
4. Acid detergent HNO, 1.5 65 10
5. Water
1. Water
2. Caustic detergent NaOH 2 90 20
3. Water
4. Acid detergent HNO, 1 55 20
5. Water
1. Water
2. Caustic detergent+ ~ NaOH at 2%+ 3 50 20
+Enzymes Enzymes mixture
3. Water
4. Acid detergent HNO, 1 55 20
5. Water

TABLE 3: Description of the steps and combinations applied in the CIP
protocols 7 STEPS.

Protocols/ Description
Steps Chemical Concentration Temperature Time
agents (%:w/v) (°C) (min)

1. Water

2. Caustic detergent NaOH 2 80 10

3. Water

4. Acid detergent HNO, 1.5 65 10

5. Water

6. Disinfectant Quaternary ammonium 0.5 25 20

7. Water

1. Water

2. Caustic detergent NaOH 2 90 20

3. Water

4. Acid detergent HNO, 1 55 20

5. Water

6. Disinfectant Quaternary ammonium 0.5 25 20

7. Water

1. Water

2. Caustic detergent ~ NaOH at 2%+ 3 50 20
+Enzymes Enzymes mixture

3. Water

4. Acid detergent HNO, 1 55 20

5. Water

6. Disinfectant Quaternary ammonium 05 25 20

7. Water

lue (3.82 log cfu/cm?) was obtained at 70°C after 15 mi-
nutes. On the other hand, at 80°C, the values of the log

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



Ausgabe flr imr:livelyzachary

Journal of Food Safety and Food Quality 73, Heft 6 (2022), Seiten 169-194

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.

175

Ausgabe fur imr:livelyzachary

The contents are protected by copyright. The distribution by unauthorized third parties is prohibited.

A
B —e—70°C
Temperature
6 80°C
« 5 —a—90°C
&
3 4
o
=z 3
[=2]
2 2
1_
0 : : : : )
0 5 10 15 20 25
Time (minutes)
g 7 70°C
Temperature
6
~ 5
5
3 4
(3]
z 3
g
= 2
1_
0 ‘ : : ‘ .
0 5 10 15 20 25
Time (minutes)

A
7 —e—55°C
Temperature
= 65°C
T —&—75°C
L
2
[3]
z
o
k-]
0 T T T T )
0 5 10 15 20 25
Time (minutes)
B 7 55°C
Temperature
= 65°C
6
—a—75°C
o~ 5
§
3 4
[$]
z 3
o
2 o
1 4
0 T T T T )
0 5 10 15 20 25
Time (minutes)

FIGURE 2: The effectiveness of 3 steps CIP protocols using
1(A) and 2% (B) NaOH on 7 days E. faecalis
biofilm formed on SS surfaces.

reduction varied between 1.64 and 3.11 log cfu/cm?®. The
application of 2% NaOH protocol increased the log reduc-
tion value to 4.16 log cfu/cm? after 20 minutes at 90°C.
The kinetics of NaOH action at different temperatu-
res on SS coupons were followed for 20 minutes (Fig. 2).
It seems that the kinetic inactivation has the same convex
shape in which the inactivation rate was the fastest in the
first 5 minutes of contact, and then the inactivation rate de-
creased. Kinetics observation and the associated analysis of
variance showed that increasing the NaOH concentration
from 1% to 2% did not significantly affect either the rate
of inactivation or the rate of reduction after 20 minutes of
treatment. However, after 20 minutes of treatment, increa-
sing the temperature from 70°C to 90°C significantly increa-
sed the inactivation rate and the fractional reduction rate.

Effectiveness of acid 3 steps CIP protocols

HNO, was tested at two different concentrations 1 and
1.5% on E. faecalis biofilms. The highest recorded log
reduction (4.01 log cfu/cm?) was obtained after 1% HNO,
treatment for 20 min at 55°C, while, treatment at 65 and
75°C reduced E. faecalis biofilms formed on SS coupons
but not as much as coupons treated at 55°C.

The inactivation kinetics showed that the number of
survival bacteria decreased rapidly during the first 5 minu-
tes followed by a level leading to an average number of 3.4
log cfu/cm? during 20 minutes (Fig. 3). Increasing the con-
centration of HNO, from 1% to 1.5% did not significantly
affect the inactivation of bacterial biofilm formed on SS
coupons. However, although the effect of temperature was

FIGURE 3: The effectiveness of 3 steps CIP protocols using
1(A)and 1.5% (B) HNO, on 7 days E. faeca-
lis biofilm formed on SS surfaces.

not very marked, it had a significant effect on the final deci-
mal reduction numbers for the two concentrations studied.
So, for E. faecalis biofilm inactivation, the effectiveness of
HNO, treatment for the levels studied was only slightly
affected by concentration and treatment temperature.

Effectiveness of caustic combined enzyme mixture 3
steps CIP protocols

The study of the impact of the enzymatic mixtures con-
centrations on the inactivation of 7 days E. faecalis biofilm
formed on SS coupons was carried out under alkaline con-
ditions in the presence of 2% NaOH. For all the kinetics
obtained shown in Fig. 4 and 5, inactivation was observed
during the first 5 minutes of exposure then the surviving
population no longer decreased significantly. The treat-
ment temperature strongly affects the effectiveness of the
antimicrobial activity of the mixture enzyme associated
with the caustic treatment. Whatever the enzyme concen-
tration, its effect was optimal at 50°C. At 70°C, the enzy-
me concentration only slightly affects the inactivation of
bacteria, only the effect of NaOH inactivated bacteria; it
was the same at 30°C.

On the other hand, at 50°C the number of decimal
reductions increased with the enzyme concentration, it was
5.3 log cfu/cm? for a concentration of 3% after 20 minutes
of treatment.

The temperature activity of the enzyme mixture was
optimum at 50°C, beyond or below this optimum enzyme
addition temperature did not increase the effectiveness of
the alkaline treatment with NaOH.
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FIGURE 4: Effect of treatment temperature of 3 steps CIP protocols based on 2% NaOH combined to enzyme mixture at
different concentration A) 0.5%; B) 1%; C) 2% and D) 3% on 7 days E. faecalis biofilm formed SS surfaces.
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FIGURE 6: Effectiveness of 5 Steps CIP protocols on 7 days
E. faecalis biofilm formed on SS surfaces. CIP 1:
2% NaOH at 80°C for 10 min followed by 1.5%
HNO, at 65°C for 10 min. CIP 2: 2% NaOH at
90°C for 20 min followed by 1% HNO, at 55°C
for 20 min. CIP 3: 2% NaOH combined with
3% enzyme mixture at 50°C for 20 min followed
by 1% HNO, at 55°C for 20 min.

The highest log reduction with a value of 3.05 log cfu/
cm? was obtained after 5 steps CIP protocol provided by
enzyme mixture addition at 3% concentration composed
of Alpha Amylase, Protease (subtilisine), Lipase et Man-
nanase (Mannan endo-1,4-beta-mannosidase).

Effectiveness of 7 steps CIP protocols

The effectiveness of incorporating disinfection steps into 7
steps CIP protocols was testing against a 7 days E. faecalis
biofilm formed on SS coupons based on 5 steps establis-
hed CIP protocols. The disinfectant tested was quaternary
ammonium at 0.5% for 20 min at 25°C.

This step had increased the log reduction of attached
cells compared to 5 steps CIP protocols. CIP 3 (2% NaOH
combined with 3% enzyme mixture at 50°C for 20 min
followed by 1% HNO, at 55°C for 20 min completed with
0.5% quaternary ammonium with a value of 5.32 log cfu/
cm? which was a very satisfying reduction level followed by
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FIGURE 7: Effectiveness of 7 Steps CIP protocols on 7 days
E. faecalis biofilm formed on SS surfaces. CIP 1:
2% NaOH at 80°C for 10 min followed by 1.5%
HNO, at 65°C for 10 min completed with 0.5%
quaternary ammonium for 20 min at 25°C. CIP
2:2% NaOH at 90°C for 20 min followed by 1%
HNO, at 55°C for 20min completed with 0.5%
quaternary ammonium for 20 min at 25°C. CIP
3: 2% NaOH combined with 3% enzyme mix-
ture at 50°C for 20 min followed by 1% HNO,
at 55°C for 20 min completed with 0.5% quater-
nary ammonium for 20 min at 25°C.

CIP 2 with 4 log reduction value and CIP 1 presented by
3.14 log cfu/cm? compared to control (6.76 log).

Discussion

Bacterial adhesion to food contact surfaces and biofilm
formation in dairy processing lines is alarming since they
adversely affect the quality and safety of dairy products
(Cappitelli et al., 2014; Vlkova et al., 2008).

This study provides evidence of optimizing CIP pro-
tocols effect against dairy biofilms. It is difficult to find
references in the literature about effective cleaning proto-
cols for E. faecalis biofilm in dairy plant. Most studies on
E. faecalis biofilms have focused on clinical strains (Keun
Oh et al., 2021; Tan et al., 2019; Zheng et al., 2018).

In the present study, E. faecalis tested was isolated
from dairy post-pasteurization pipe after CIP application.
The biofilm formed on SS coupons submitted to different
antimicrobial agents was a 7 days mature because the resis-
tance of biofilm cells to C&D increases with the age of the
biofilm (Fernandes et al., 2015; Srey et al., 2013; Rushdy
and Othman, 2011).

Despite the development of emerging and eco-friend-
ly strategies based on phages (O’Sullivan et al., 2019) ul-
trasound (Shu et al., 2021) and quorum sensing inhibitors
(Lillicrap et al., 2016), a conventional CIP remains the
most widely used method to mitigate undesirable biofilms
(Rosado Castro et al., 2021; Fernandes et al., 2015).

Dairy biofilms are predominated by EPS and milk resi-
dues, mostly proteins and calcium phosphate. These resi-
dues may adhere to the surface and act as a conditioning
film on which bacterial adherence could be promoted.
Their elimination needs the use of alkaline and acid de-
tergent (Chisti, 1999; Dunsmore et al., 1981). In our study,
NaOH, HNO,, enzyme mixture and quaternary ammoni-
um arranged in 3, 5 and 7 steps CIP protocols were tested.
The obtained results showed that 3 steps CIP protocols ba-
sed on NaOH and HNO, reached 4.16 and 4.01 log cfu/cm?,
respectively. These results are similar to those obtained by
Fernandes et al. (2015) showing that the application of an
anionic surfactant detergent removed 4.28 log of E. faeci-
um biofilm and 3.93 log of E. faecalis biofilm. Bremer et al.
(2006) reported the inefficacy of a standard CIP protocol
(water rinse, 1% NaOH at 65°C for 10 min, 1% HNO, for
10 min, water rinse) to remove bacteria attached to sur-
faces.

While the reduction rate was increased by using a suc-
cessive combination of alkaline detergent with enzyme
mixture composed of Alpha Amylase, Protease (subtili-
sin), Lipase and Mannanase (Mannan endo-1,4-beta-man-
nosidase) reaching 5.30 log cfu/cm? reduction of E. faecalis
biofilm. This reduction level obtained indicates that enzy-
mes allow to alkaline detergent more effectiveness than
using alone by facilitating the chemical agent’s penetration
and diffusion into the biofilms and further inactivation of
bacterial cells (Mnif et al., 2020; Meireles et al., 2016).

The combination of both alkaline and acid detergent in
5 steps CIP protocols has not given satisfying results un-
til the addition of 3% enzymatic mixture to 2% NaOH at
50°C for 20 min followed by 1% HNO, at 55°C for 20 min.

A recent study showed when an enzymatic cocktail of
Protease, lipase, cellulase, a-amylase and DNase was ap-
plied to Macrococcus caseolyticus dairy biofilm removal
was more efficient compared with the use of NaOH (2.5%,
w/v) and HNO, (2%, v/v) (Mnif et al., 2020).
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Molobela et al. (2010) showed that activity of Proteases
and amylases on P, fluorescens biofilms was more effective
in removing biofilms and degrading EPS when it’s accom-
panied by other treatments. Parkar et al. (2004) has also
found an improvement in cleaning effectiveness by combi-
ning the enzymatic action with detergents on B. flavother-
mus biofilm formed on SS coupons.

This study showed that the effect of added enzymes to
alkaline detergent was not sufficient until the application
of disinfection step. Quaternary ammonium applied gave
a maximum log reduction of 5.32 log cfu/cm? obtained at
only 0.5 % after 20 minutes. This step was preceded by
2% NaOH cleaning combined with 3% enzyme mixture at
50°C for 20 min followed by 1% HNO, at 55°C for 20min.
The significant value obtained suggests that disinfection is
essential to complement cleaning processes in dairy indus-
try. Quaternary ammonium tested has been shown to be ef-
fective against E. faecalis biofilms. It is a cationic surfactant
commonly used in the food industry because of their hard-
surface cleaning, odour, removal and antimicrobial proper-
ties. It is active on several bacteria and can be used over a
wide temperature range. Quaternary ammonium damages
the outer layers of bacteria, thereby promoting the release
of intracellular constituents. Besides killing bacteria, the
chemical nature of quaternary ammonium can cause mo-
difications on the properties of abiotic surfaces, decreasing
their tension and therefore preventing attachment of mi-
croorganisms (Ferreira et al., 2011; Simdes et al., 2005).

Our study shows the reduction of 7 days E. faecalis bio-
film formed on SS coupons but not a complete removal
which means the resistance of mature biofilms to sanitation
process. Schlegelova et al., have shown in 2010 that Listeria
monocytogenes, Salmonella spp., Bacillus cereus, Staphylo-
coccus spp., Enterococcus spp., and Escherichia coli persist
in biofilm on food contact surfaces after sanitation.

The capacity of resistant enterococci isolated from food
to form biofilm is worrisome since the biofilm formation
contributes to survival, persistence and dissemination of
resistant enterococci and/or resistance genes in diverse
environmental conditions (Marinho et al., 2013).

Conclusion

Biofilm installed into dairy processing lines can cause a se-
rious problem for dairy industry due to fragility of milk and
dairy products. This study investigated the effectiveness of
different CIP protocols testing several concentration, tem-
perature and treatment time. E. faecalis selected for bio-
film formation was isolated from post-pasteurization pipe
after CIP application. Despite the significant reduction of
the 7 steps complete protocol, the total removal of the mo-
no-species E. faecalis biofilm was not achieved revealing
the persistence of mature biofilms. That leads us to think
about a deeper research on microbial mix biofilm with milk
flow for biofouling to reproduce the original conditions of
dairy processing lines and the application of optimizing
CIP cycles in a pilot plant.

Conflict of interest
The authors declare that the research was conducted in the

absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

References

Bagge D, Hjelm M, Johansen C, Huber I, Gram L (2001): Shewa-
nella putrefaciens Adhesion and Biofilm Formation on Food
Processing Surfaces. Applied and Environmental Microbiology
Journal, 67, 2319-2325.

Bremer PJ, Fillery S, McQuillan AJ (2006): Laboratory scale
Clean-In-Place (CIP) studies on the effectiveness of different
caustic and acid wash steps on the removal of dairy biofilms. In-
ternationalJournal of Food Microbiology, 106, 254-262.https://
doi: 10.1016/j.ijfoodmicro.2005.07.004

Capitelli F, Polo A,Villa F (2014): Biofilm formation in food pro-
cessing environments is still poorly understood and controlled.
Food Engineering Reviews, 6, 29-42.

Cassenego APV, d’Azevedo PA, Ribeiro AML, Frazzon J, Van Der
Sand ST, Frazzon APG (2011): Species distribution and antimi-
crobial susceptibility of enterococci isolated from broilers infec-
ted experimentally with Eimeria spp and fed with diets contai-
ning different supplements. Brazilian Journal of Microbiology,
42, 480-488. https://doi.org/10.1590/S1517-83822011000200012

Cherif-Antar A, Moussa-Boudjemaa B, Didouh N, Medjahdi
K, Mayo B, Florez AB (2016): Diversity and biofilm-forming
capability of bacteria recovered from stainless steel pipes of
a milk-processing dairy plant. Dairy Science Technology, 96,
27-38. https://doi.org/10.1007/s13594-015-0235-4

Chisti Y (1999): Modern systems of plant cleaning. In: Robinson
R, Batt C, Patel P (Ed), Encyclopedia of Food Microbiology .
1086-1815. London, Academic Press.

Costerton JW (2004). A short history of the development of the
biofilm concept.Methods of studying biofilms.Ghannoum M &
O’Toole GA Editors. Microbial biofilms, ASM Press. 4-1.

D’Azevedo PA, Dias CAG, Teixeira LM (2006): Genetic diversity
and antimicrobial resistance of enterococcal isolates from sout-
hern region of Brazil. Revista del Instituto de Medicina Tropical,
48, 11-16. https://doi.org/10.1590/S0036-46652006000100003

Dunsmore DG, Twomey A, Whittlestone WG, Morgan HW (1981):
Design and performance of systems for cleaning product-con-
tact surfaces of food equipment. Journal of Food Protection,
44(3), 220-240. https://doi.org/10.4315/0362-028X-44.3.220

EFSA (2008): The maintenance of the list of QPS microorganisms
intentionally added tofood or feed. The EFSA Journal, 923, 1-48.

Fagerlund A, Heir E, Meretrg T, Langsrud S (2020): Listeria
Monocytogenes Biofilm Removal Using Different Commercial
Cleaning Agents. Molecules, 25(4), 792. https://doi.org/10.3390/
molecules25040792

Fernandes M, Kabuki DY, Kuaye AY (2015): Biofilms of Entero-
coccus faecalis and Enterococcus faecium isolated from the
processing of ricotta and the control of these pathogens through
cleaning and sanitization procedures. International Journal of
Food Microbiology, 200, 97-103. https://doi.org/10.1016/j.ijfood-
micro.2015.02.004

Ferreira C, Pereira AM, Pereira MC, Melo LF, Simoes M (2011):
Physiological changes induced by the quaternary ammonium
compound benzyldimethyldodecylammonium chloride on
Pseudomonas fluorescens. Journal of Antimicrobial Chemot-
herapy, 66(5), 1036-43. https://doi: 10.1093/jac/dkr028

Fisher K, Phillips C (2009): The ecology, epidemiology and viru-
lence of Enterococcus. Microbiology, 155, 1749-1757. https:/
doi.org/10.1099/mic.0.026385-0

Flemming HC, Wingender J (2010): The biofilm matrix. Nature Re-
views Microbiology, 8(9), 623-633. https://doi: 10.1038/nrmicro2415

Flint S, Jamaludin NM, Somerton B, Palmer J, Brooks J (2015):
The effect of milk composition on the development of biofilms.
In Koon Hoong Teh, Steve Flint, John Brooks, Geoff Knight.
Biofilms in the Dairy Industry. Print ISBN: 9781118876213 |
Online ISBN: 9781118876282 | DOI:10.1002/9781118876282.
Copyright © 2015 John Wiley & Sons, Ltd, page 38-46.

Flint SH, Bremer PJ, Brooks JD (1997): Biofilms in dairy manufactu-
ring plant — description, current concerns and methods of control.
Biofouling, 11, 81-97. https://doi.org/10.1080/08927019709378321

Foulquie Moreno MR, Sarantinopoulos P, Tsakalidou E, De Vuyst
L (2006): The role and application of enterococci in food and
health. International Journal of Food Microbiology, 106, 1-24.
https://doi.org/10.1016/j.ijfoodmicro.2005.06.026

Franz CM, Stiles ME, Schleifer KH, Holzapfel WH (2003):
Enterococci in foods, a conundrum for food safety. Internatio-
nal Journal of Food Microbiology, 88, (2-3), 105-122. https://
doi.org/10.1016/S0168-1605(03)00174-0

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



Ausgabe flr imr:livelyzachary

Journal of Food Safety and Food Quality 73, Heft 6 (2022), Seiten 169-194

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.

Ausgabe fur imr:livelyzachary

The contents are protected by copyright. The distribution by unauthorized third parties is prohibited.

Garcia-Sanchez L, Melero B, Jaime I, Rossi M, Ortega I, Rovira
J (2019): Biofilm formation, virulence and antimicrobial resis-
tance of different Campylobacter jejuni isolates from a poultry
slaughterhouse. Food Microbiology, 83, 193-199.

Gram L, Bagge-Ravn D, Ng YY, Gymoese P, Vogel BF (2007):
Influence of food soiling matrix on cleaning and disinfection
efficiency on surface attached Listeria monocytogenes. Food
Control, 18:10, 1165-1171. http://dx.doi.org/10.1016/j.food-
cont.2006.06.014

Gupta S, Anand S (2018): Induction of pitting corrosion on stain-
less steel (grades 304 and 316) used in dairy industry by biofilms
of common sporeformers. International Journal of Dairy Tech-
nology, 71, 519-531. https://doi.org/10.1111/1471-0307.12444

Klibi N, Ben Said L, Jouini A, Ben Slama K, Lopez M, Ben Sallem
R, Boudabous A, Torres K (2013): Species distribution, anti-
biotic resistance and virulence traits in enterococci from meat
in Tunisia. Meat Science, 93, 675-680.

Kocot AM, Olszewska MA (2020): Interaction of Pseudomonas
aeruginosa and Staphylococcus aureus with Listeria innocuain
dual species biofilms and inactivation following disinfectant
treatments. LWT. Journal of Food Science and Technology,
118, 108736. https://doi.org/10.1016/j.1wt.2019.108736

Lee MJ, Ha JH, Kim YS, Ryu JH, Ha SD (2010): Reduction of
Bacillus cereus contamination in biofilms on stainless steel sur-
faces by application of sanitizers and commercial detergent.
Journal of the Korean Society for Applied Biological Chemis-
try, 53(1), 89-93. https://doi.org/10.3839/jksabc.2010.014

Lillicrap A, Macken A, Wennberg AC, Grung M, Rundberget JT,
Fredriksen L, Scheie AA, Benneche T, Angles d‘Auriac MB
(2016): Environmental fate and effects of novel quorum sensing
inhibitors that can control biofilm formation. Chemosphere,
164, 52-58. https://doi.org/10.1016/j.chemosphere.2016.08.083

Malek F, Moussa-Boudjemaa B, Khaouani-Yousfi F, Kalai A,
Kihal M (2012): Microflora of biofilm on Algerian dairy pro-
cessing lines: an approach to improve microbial quality of
pasteurized milk. African Journal of Microbiology Research,
6, 3836-3844.

Marcilia SRC, Fernandes M, Kabuki DY, Kuaye AY (2021):
Modelling Pseudomonas fluorescens and Pseudomonas aeru-
ginosa biofilm formation on stainless steel surfaces and cont-
rolling through sanitisers. International Dairy Journal, 114,
104945. https://doi.org/10.1016/j.idairyj.2020.104945

Marinho AR, Martins PD, Ditmer EM, d‘Azevedo PA, Frazzon
J, Van Der Sand ST, Frazzon AP (2013): Biofilm formation on
polystyrene under different temperatures by antibiotic resis-
tant Enterococcus faecalis and Enterococcus faecium isolated
from food. Brazilian Journal of Microbiology, 30 (44), 423-6.
https://doi: 10.1590/S1517-83822013005000045.

Meireles A, Borges A, Giaouris E, Simoes M (2016): The cur-
rent knowledge on the application of anti-biofilm enzymes in
the food industry. Food Research International, 86, 140-146.
https://doi.org/10.1016/j.foodres.2016.06.006

Mittelman MW (1998): Structure and functional characteristics of
bacterial biofilms influid processing operations. Journal of Dai-
ry Science, 81, 2760-2764.

Mnif S, Jardak M, Yaich A, Aifa S (2020): Enzyme-based strate-
gy to eradicate monospecies Macrococcus caseolyticus biofilm
contamination in dairy industries. International Dairy Journal,
100, 104560. https://doi.org/10.1016/j.idairyj.2019.104560.

Moretre T, Langsrud S (2017): Residential bacteria on surfaces
in the food industry and their implications for food safety and
quality. Comprehensive Reviews in Food Science and Food
Safety, 16, 1022-1041. https://doi.org/10.1111/1541-4337.12283

Moretro T, Heir E, Nesse LL, Vestby LK, Langsrud S (2012): Con-
trol of Salmonella in food related environments by chemical
disinfection. Food Research International, 45, 532-544. https://
doi.org/10.1016/j.foodres.2011.02.002

Murphy MFE, Edwards T, Hobbs G, Shepherd J, Bezombes F
(2016): Acoustic vibration can enhance bacterial biofilm forma-
tion. Journal of Bioscience and Bioengineering, 122, 765-770.

Oh HK, Hwang YJ, Hong H-W, Myung H (2021): Comparison of
Enterococcus faecalis biofilm removal efficiency among bacte-
riophage PBEF129, Its endolysin, and cefotaxime. Viruses, 13,
426. https: /doi.org/10.3390/v13030426.

O‘Sullivan L, Bolton D, McAuliffe O, Coffey A (2019): Bacterio-
phages in Food Applications: From Foe to Friend. The Annual
Review of Food Science and Technology, 10:1, 151-172. https:/
doi.org/10.1146/annurev-food-032818-121747

Parkar SG, Flint SH, Brooks JD (2004): Evaluation of the effect of
cleaning regimes on biofilms of thermophilic bacilli on stainless
steel. Journal of Applied Microbiology, 96, 110-116. https://doi.
org/10.1046/j.1365-2672.2003.02136.x

Phyllis Molobela I, Eugene Cloete T, Beukes M (2010): Protease
and amylase enzymes for biofilm removal and degradation of
extracellular polymeric substances (EPS) produced by Pseudo-
monas fluorescens bacteria. African Journal of Microbiology
Research Vol. 4(14), pp. 1515-1524.

Romney AJD (1990): Cip: Cleaning in Place. The Society for Dai-
ry Technology, Cambridgeshire, UK.

Rushdy AA, Othman AS (2011): Bactericidal efficacy of some
commercial disinfectants on biofilm on stainless steel surfa-
ces of food equipment. Annals of Microbiology, 61, 545-552.
https://doi.org/10.1007/s13213-010-0172-7

Satpathy S, Kumar Sen S, Pattanaik S, Raut S (2016): Review on
Bacterial Biofilm: An Universal cause of Contamination. Bio-
catalysis and Agricultural Biotechnology, 7, 56-66. https://doi.
org/10.1016/j.bcab.2016.05.002

Schlegelova J, Babak V, Holasova M, Konstantinova L, Necido-
va L, Sisak F, Vlkova H, Roubal P, Jaglik Z (2010): Microbial
contamination after sanitation of food contact surfaces in dairy
and meat processing plants. Czech Journal of Food Sciences,
28, 450-461.

Sharma M, Anand SK (2002): Characterization of constitutive mi-
croflora of biofilms in dairy processing lines. Food Microbiolo-
gy, 19, 627-636.

Shu Q, Lou H, Wei T, Zhang X, Chen Q (2021): Synergistic
antibacterial and antibiofilm effects of ultrasound and MEL-
A against methicillin-resistant Staphylococcus aureus, Ultra-
sonics Sonochemistry, 72 (6), 105452. https://doi.org/10.1016/].
ultsonch.2020.105452

Simoes M, Pereira MO, Vieira MJ (2005): Action of a cationic sur-
factant on the activity and removal of bacterial biofilms formed
under different flow regimes. Water Research, 39(2-3), 478-86.
https://doi: 10.1016/j.watres.2004.09.018

Srey S, Jahid IK, Ha SD (2013): Biofilm formation in food indus-
tries: A food safety concern. Food Control, 31, 572-585.

Tan F, She P, Zhou L, Liu Y, Chen L, Luo Z, Wu Y (2019): Bac-
tericidal and Anti-biofilm Activity of the Retinoid Compound
CD437 Against Enterococcus faecalis. Frontiers in Microbiolo-
gy, 9(10),2301. https://doi: 10.3389/fmicb.2019.02301.

Vikova H, Babak V, Seydlova R, Pavlik I, Schlegelova J (2008):
Biofilms and hygiene on dairy farms and in the dairy industry:
sanitation chemical products and their effectiveness on bio-
films, a review. Czech Journal of Food Sciences, 26, 309-323.
https://doi.org/10.17221/1128-CJFS

Wang H, Wang H, Xing T, Wu N, Xu X, Zhou G (2016): Removal of
Salmonella biofilm formed under meat processing environment
by surfactant in combination with bio-enzyme. LWT — Food Sci-
ence and Technology, 66, 298-304. 10.1016/j.1wt.2015.10.049

Weber M, Liedtke J, Plattes S, Lipski A (2019): Bacterial commu-
nity composition of biofilms in milking machines of two dairy
farms assessed by a combination of culture-dependent and-in-
dependent methods. PLoS ONE 14(9): €0222238. https://doi.
org/10.1371/journal. pone.0222238

Zheng JX, Bai B, Lin ZW, Pu ZY, Yao WM, Chen Z, Li DY, Deng
XB, Deng QW, Yu ZJ (2018): Characterization of biofilm for-
mation by Enterococcus faecalis isolates derived from urina-
ry tract infections in China. Journal of Medical Microbiology,
67(1), 60-67. https: //doi.org/ 10.1099/jmm.0.000647.

Zottola EA, Sasahara KC (1994): Microbial biofilms in the
food processing industry-should they be a concern? Interna-
tional Journal of Food Microbiology, 23, 125-148. https://doi.
org/10.1016/0168-1605(94)90047-7

Address of corresponding author:
Dr. Asmaa Cherif Anntar

Laboratory of Food, Biomedical and Environmental
Microbiology (LAMAABE)

Abou Bakr Belkaid University
Tlemcen

Algeria
asmaa.cherifanntar@univ-tlemcen.dz

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



