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ABSTRACT 
It is known that some pathogens in feed production plants may exist throughout several months, even years. These strains are 

known as “house strains” and the assumption is that the existence of such strains is enabled due to their ability to form biofilms. The 
objective of our experiment was to assess survivability of selected isolates that were previously characterized as rdar morphotype 
enclosed into biofilm on glass surfaces. Testing of cell viability in the biofilms was carried out in the condition of desiccation (28 
days) and with periodic availability of nutrients (90 days) at ambient temperature.  In both of tested conditions percent of viable cells 
was more than 50 % for all tested isolates. The obtained results suggest that survivability of Salmonella Enteritidis rdar morphotype 
cells enclosed into biofilm on glass surfaces under conditions of desiccation and periodic availability of nutrients may present a 
serious problem in the food and feed industry due to biofilm production, which contributes to their spreading throughout the whole 
facility and consequently increasing cross-contamination risks. 
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REZIME 
Hrana za životinje kao prva karika u lancu ishrane svakako predstavlja jedan od mogućih izvora Salmonella. Poznato je da 

pojedini sojevi patogenih vrsta bakterija u industrijskim pogonima mogu egzistirati tokom dužeg vremenskog perioda. Ovakvi sojevi 
su poznati kao „house strains“, a pretpostavlja se da je egzistencija takvih sojeva omogućena upravo njihovom sposobnošću da 
formiraju biofilm. Jednom formirani biofilmovi u industrijskim pogonima se teško uklanjaju i dovode do pojave perzister populacija. 
Egzistencija sojeva sa sposobnošću produkcije biofilma je najčešći uzročnik unakrsnih i post-procesnih kontaminacija. Cilj ovog 
istraživanja je bio da se ispita sposobnost preživljavanja odabranih biofilm produkujućih sojeva Salmonella Enteritidis unutar 
predhodno formiranih biofilmova. U cilju dobijanja približnih uslova koji vladaju u pogonima industrije hrane za životinje ispitivanje 
sposobnosti preživljavanja ćelija u okviru formiranih biofilmova testiranih izolata sprovedena su u uslovima isušivanja i uslovima 
povremene dostupnosti hranljivih materija. Za ispitivanje preživljavanja u uslovima isušivanja i kompletnog odsustva hranljivih 
materija vijabilnost mikroorganizama je ispitivana nakon 7, 14 i 28 dana. Vijabilnost adheriranih mikroorganizama u uslovima 
povremene dostupnosti hranljivih materija je određivana nakon vremenskih intervala u trajanju od 15, 30, 45, 60 i 90 dana. U 
postavljenim eksperimentalnim ispitivanjima procenat vijabilnih ćelija je iznosio preko 50% za sve testirane izolate. Dobijeni 
rezultati pokazuju da preživljavanje ćelija Salmonella Enteritidis rdar morfotipa unutar predhodno formiranih biofilmova na 
staklenim površinama u uslovima isušivanja i uslovima povremene dostupnosti hranljivih materija može predstavljati ozbiljan 
problem u industriji hrane i hrane za životinje zbog proizvodnje biofilma, što doprinosi njihovom širenju kroz ceo industrijski pogon, 
a samim tim i povećanje rizika od unakrsne kontaminacije. 

Ključne reči: Salmonella Enteritidis, biofilm, preživljavanje, hrana. 
 

INTRODUCTION 
Salmonella is one of the major microbial hazard in animal 

feed and it is also believed that an animal feed is an important 
vector for the transmission of Salmonella to animals (Ha et al., 
1998). The presence of Salmonella in animal feeds is well-
established as a public health issue (EFSA, 2008), and links have 
been documented between Salmonella contamination of animal 
feed and the carriage of Salmonella by important livestock 
species (Davies and Wales, 2013). The feed industry has a high 
priority on Salmonella control but complete elimination of 
Salmonella has been found to be difficult (Lević et al., 2004; 
Møretrø et al., 2009). Research indicated that one of the possible 
reasons for the persistence of Salmonella has been associated 
with the ability to form biofilms (Nesse et al., 2003; Vestby et 
al., 2009a).  

Biofilm represent multicellular communities which are 
generally associated with persistence and survival in different 
environmental conditions. Subsequent development of biofilms 

often occurs along with the production of extracellular polymers. 
Depending on the expression of these extracellular components 
in agar plates supplemented with Congo red and Coomassie 
brilliant blue, Salmonella and other Enerobacteiaceae can 
developed four morphotypes: red to violet, dry and rough (rdar), 
express curli fimbriae and cellulose; brown, dry and rough 
(bdar), express fimbriae, but not cellulose; and pink, dry and 
rough (pdar), which produce cellulose, but not fimbriae. Isolates 
that do not express any of these two components are designated 
as smooth and white (Zogaj et al., 2001; Solano et al., 2002; 
Čabarkapa, 2015b). Previous studies have indicated that 
Salmonella matrix components, such as fimbriae and cellulose 
i.e. rdar morphotype, play an important role in the survival of 
Salmonella in the environment, outside of the host organisms 
(White et al., 2006; Apel et al., 2009; Vestby et al., 2009a). In 
that respect, it is comparable with the process of spore formation 
in Gram-positive bacteria (Milanov et al., 2015). 

Once formed biofilms in industrial plants are difficult to 
remove and lead to the occurrence of perzister population 
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(Vestby et al., 2009b). The existence of strains with the ability of 
biofilm production is the most common cause of cross- and post-
process contamination. Contamination of industrial plants with 
biofilm producing strains usually occurs through raw materials 
whose contamination can occur at any point from farm or field 
to the final product, aerosol, and the human factor. Usually 
identified places as potential areas of development of biofilms 
are: the receipt of raw materials, floors, walls, drains, pipes, 
ventilation systems, conveyor belts, outer and inner surfaces of 
processing equipment especially in the dead corners, holes, 
connectors, cracks and areas prone to condensation (Čabarkapa, 
2015a). 

Reasons for the formation of biofilm within industrial plants 
are commonly referred to improperly cleaned and sanitized 
equipment. Irregular and inadequate enforcement of sanitary 
measures causes a residue of various organic substances which 
greatly facilitates the existence of microorganisms and also helps 
to reduce the efficacy of disinfectants (O'Leary et al., 2013; Srey 
et al., 2013). Therefore, this study was conducted in order to 
investigate the survivability of S. Enteritidis cells enclosed into 
biofilm on glass surfaces under conditions of desiccation and 
periodic availability of nutrients. 

MATERIAL AND METHOD 
Microorganisms: Tests were performed with three isolates 

of S. Enteritidis (SE5, SE7 and SE15) obtained from the 
Veterinary Institute in Kraljevo, Serbia and from the Institute of 
Veterinary Medicine in Novi Sad, Serbia. Serological typing and 
verification of Salmonella isolates were carried out in the 
National Reference Laboratory for Salmonella, Shigella, Vibrio 
cholera and Yersinia enterocolitica, Institute of Public Health of 
Serbia “Dr Milan Jovanovic Batut”, Belgrade, Serbia. 

Preparation of bacterial suspension: All strains of S. 
Enteritidis were cultured on Tryptone Soya agar (TSA, LabM) 
and incubated at 37 °C for 24 h. Three to four isolated colonies 
grown on TSA were inoculated in 5 mL of Tryptone Soya broth 
(TSB, Oxoid) and incubated at 37 °C for 18h. After incubation, 
suspensions were homogenized and diluted to 1:40 in fresh TSB. 
The density of the suspensions used for biofilm formation was 
adjusted to 0.5 McFarland standard turbidity (~1-2 x 108 

CFU/mL) using densitometer DEN-1 (Biosan, Riga, Latvia) and 
standard plate count method from a series of ten-fold dilutions. 

Colony morphology: Bacterial colony morphology was 
analyzed on Luria-Bertani (LB) agar without salt and 
supplemented with Congo Red (40 µg/mL) and Coomassie 
brilliant blue (20 µg/mL), using Congo Red assay according to 
Malcova et al. (2008). Colony morphology was determined after 
incubation period of 96 h at 25 °C and 37 °C. The experiment 
was repeated on three separate occasions.  

Biofilm formation on glass: Glass coupons (1 x 1 x 0.2 cm) 
were used for biofilm formation. The coupons were previously 
washed in detergent solution and rinsed with sterile distilled 
water. Afterwards, they were sterilized in the autoclave 
(Tutnauer, ELV 3870) for 15 minutes at the temperature of     
121 °C. Suspension preparation was carried out according to the 
protocols described in sections ‘Preparation of bacterial 
suspension’. Each coupon was appointed separately into the 
recesses of a sterile polystyrene 12-well plate (Greiner Bio-One). 
Suspension of the test bacterial isolate was inoculated in an 
amount of 100 mL to the surface of each coupon. The adhesion 
of bacteria was provided during the 3h incubation at 25 °C. 
Afterwards, suspension was removed by aspiration. Coupons 
were washed with sterile physiological saline solution, and then 
submerged in 2 mL of TSB. Coupons were incubated for 48 h at 
25 °C. Afterwards, coupons were removed from the well and 
washed by mild pipetting with 3 mL of sterile saline to remove 

the medium and non-adhered cells. 
Survival in the biofilm: Testing the ability of cells to 

survive in the biofilm of S. Enteritidis was carried out according 
to the method described by Vestby et al. (2009a), with some 
modifications. Biofilms have been formed by the selected 
isolates as described in section ‘Biofilm formation on glass’ on 
the surface of glass coupons for 48h. After the expiration of 
incubation period, each coupon was rinsed with sterile saline 
peptone solution and appointed separately into the well of the 
new sterile polystyrene 12-well microtitar plate (Greiner Bio-
One).  In order to obtain similar conditions prevailing in the 
food/feed industry plants, testing of cell viability in the biofilms 
was carried out in the condition of desiccation (28 days) and 
same conditions but with periodic availability of nutrients (90 
days) at ambient temperature. The plates were left at 24±2 °C 
and relative humidity (RH) 40 % ± 2.5 %. To test survival under 
conditions of desiccation and complete absence of nutrients, 
viability of microorganisms was examined after 7, 14 and 28 
days. In order to test the survival under conditions with periodic 
availability of nutrients, every 168 h coupons were rehydrated 
with 100 mL of TSB. In this case viability of the adhered 
microorganisms was determined after a period of 15, 30, 45, 60 
and 90 days. After the incubation cell viability was determined 
so that each coupon was placed in tube containing 1 mL of saline 
peptone solution. Detachment of bacteria from coupons was 
performed exposing tubes with coupons to low energy 
ultrasound for 3 minutes at a frequency of 40 kHz, using 
ultrasound water bath (Ultrasonic cleaner, Electric VIMS). 
Afterwards, they were vortexed for 1 min at maximum speed 
and resuspended in 9 mL peptone saline solution (Himedia). The 
number of adherent cells or the number of cells that form biofilm 
was determined by a standard technique of colony counts on 
TSA agar. Plates were incubated at 37 °C for 24 h. Three 
coupons were analyzed for each tested strain and the results were 
expressed as log CFU/cm2. 

Statistical analyses: Statistical analysis was performed by 
Statistica 12 software (StatSoft Inc., Tulsa, Oklahoma). Because 
of size of the sample (n<30), the data from the Survival assays 
were compared using the nonparametric Mann-Whitney test. 
Comparison of obtained results in used assays was tested by 
Kruskal-Wallis test that was followed by multiple comparison of 
mean rank test. Results were considered to be statistically 
significant at p<0.05. 

RESULTS AND DISCUSSION 
Results  

Colony morphology: After 96 h incubation at 25 °C on LB 
agar without NaCl, supplemented with Congo Red and 
Coomassie Brilliant Blue, all tested isolates (SE5, SE7 and 
SE15) expressed rdar morphotype (Fig. 1). After incubation at 
37 °C only saw morphotype was detected. Appearance of 
characteristic morphotypes i.e. extracellular matrix component 
synthesis was related with lower temperature incubation (25 °C). 

 

 
Fig. 1. Red, dry and rough (rdar) morphotyp of S. Enteritidis 

after 96 h incubation at 25 °C on Congo Red LB agar w/o NaCl 
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Survival in the biofilm: Survival test was conducted with 
three isolates (SE5, SE7 and SE15) that were previously 
characterized as rdar morphotype. After 28 days of desiccation 
percent of viable cells within the biofilm of before mentioned 
isolates was 64.2 %, 60.1 % and 58.5 %, respectively (Figure 2).  

 

 
 

Fig. 2. Survival rates of SE5, SE7 and SE15 isolates in the 
conditions of desiccation. Individual data points (□) represent 

mean of experimental values, bars represent one  
standard deviation 

 
Following the survival rates in the conditions of periodic 

availability of nutrients after 30 days, share of viable cells within 
the biofilm of isolates SE5, SE7 and SE15 amounted 78.4 %, 
79.1 %, and 73.4 %, respectively, which was significantly higher 
viability percent compared to the obtained results after 
approximately the same time (28 days) in the desiccation 
conditions (p<0.05). In conditions of periodic availability of 
nutrients after 90 days, percent of viable cells was more than    
70 % for all tested isolates (Figure 3).  

 

 
 

Fig.3. Survival rates of SE5, SE7 and SE15 isolates in the 
conditions of periodic availability of nutrients. Individual data 

points (□) represent mean of experimental values, bars represent 
one standard deviation 

Discussion 
Tested SErdar (Salmonella Enteritidis, rdar morphotype) 

isolates are characterized by remarkable ability to survive under 

conditions of desiccation (Fig. 2). SErdar ability to survive has 
been reported by Apel et al. (2009). Formation of biofilms and 
ability to survive under conditions of desiccation might be in 
correlation with food outbreaks reported in the United States and 
Europe, caused by dry food such as dried milk, paprika, 
chocolate, potato chips and almonds contaminated mainly by 
Salmonellae (Isaacs et al., 2005; Werber et al., 2005; Gruzdev 
et al., 2012), but this remains to be proven. 

Tolerance of rdar cells in biofilm to desiccation is mainly 
enabled by the presence of structurally more complex matrix 
(cellulose and curli). Biofilm matrix is highly hydrated substance 
which, among all the other reported functions, has the function 
of water retention, which maintain hydration of 
microenvironment, enabling tolerance of biofilm to desiccation 
(Flemming and Wingender, 2010). It is most likely that synthesis 
of biofilm matrix is not the only mechanism of adaptation to 
unfavourable conditions, such as desiccation and starvation. 
Ability to form biofilm matrix is just one of the many responses 
of biofilm-forming bacteria to unfavourable conditions. Namely, 
transition of planktonic population to sessile enables expression 
of diverse sets of genes that finally leads to formation of 
different physiological and phenotypic characteristics that cannot 
be found in planktonic cells (reduced growth-rate, reduction or 
change of metabolic activity). This observation was confirmed in 
research of Aviles et al. (2013), who revealed that the expression 
of diverse sets of genes responsible for synthesis of 
osmoprotectants, such as disaccharide trehalose, occurs in 
conditions of prolonged desiccation. This disaccharide forms gel 
as the cells dehydrate that prevents damages of cell structures. In 
terms of extreme desiccation, trehalose may substantially replace 
water, preventing that way denaturation of proteins and other 
damages of cell structures (Spector and Kenyon, 2012). 
Furthermore, this disaccharide is nutritionally valuable because 
the product of its catabolism is glucose, utilizing source of 
energy. Production of trehalose and other osmoprotectants, such 
as betaine and glutamate, was confirmed in response of 
salmonella cells to desiccation (White et al., 2010; Finn et al., 
2013). Similarly to desiccation, starvation causes response of 
cells in order to avoid stress. Besides the synthesis of matrix and 
reduction of metabolic activity of cells, prolonged starvation 
causes global reprogramming of cell metabolism in terms of 
synthesis of enzymes for degradation of unneeded cell 
components, enzymes for more effective metabolism of essential 
nutrients, such as C, P and N, from unusual sources, enzymes for 
degradation of biofilm matrix and different enzymes that prevent 
and repair damages caused by stress. In this investigation 
significant ability of rdar cells to survive conditions of 
occasional availability of nutrients (>70 %) was established   
(Fig. 3). This result indicates that successive availability of small 
amounts of nutrients significantly affects ability of rdar cells 
enclosed into biofilm to survive. This finding is of particular 
importance, regarding the fact that in food/feed industry diverse 
food particles remain in equipment due to inadequate sanitation 
procedures, presenting the source of nutrients, or even may 
possess protective role, such as lipids. Consequence of 
inadequate cleaning and sanitation may result in persistence or 
cross-contamination of microorganisms throughout the whole 
processing facility.  

CONCLUSION 
It be can concluded that survivability of SErdar cells 

enclosed into biofilm on glass surfaces under conditions of 
desiccation and periodic availability of nutrients may present a 
serious problem in the food and feed industry due to biofilm 
production, which contributes to their spreading throughout the 
whole facility and consequently increasing cross-contamination 
risks. 
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