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Abstract: Nontyphoidal Salmonella serotypes are di-
verse in their host range and vary in their pathogenic 
capability. They can cause huge economic losses due 
to human and animal infections worldwide. Biofilms 
are essential to the survival of microorganisms in their 
natural habitat, either the environment or the human 
body. This study aimed to investigate the ability of 
nontyphoidal Salmonella strains isolated from con-
taminated food of animal origin to produce biofilm 
in different incubation conditions such as nutrient 
media and incubation temperatures. Bacterial strains 
analyzed in this study were recovered from the food 
samples of animal origin in the Public Institution Vet-
erinary Institute of the Republic of Srpska “Dr. Vaso 
Butozan” between 2017 and 2018 year. Biofilm pro-
duction was determined by crystal violet assay in a mi-
crotiter plate in Trypticase-Soy (TSB) and Brainheart 
Infusion (BHI) broths during overnight incubation 
at 4 °C, 25 °C, and 37 °C. A total of 30 Salmonella 
isolates were detected in 730 samples (4.1%), mainly 
from chicken meat (27 isolates). S. Infantis (14 iso-
lates) and S. Enteritidis (12 isolates) were the two most 
common serotypes. As expected, none of the isolates 
were strong biofilm producers at all three incubation 
temperatures in both broths. Although the refrigera-
tion temperature was the most unfavorable for biofilm 
creation, there were no significant statistical differ-
ences between tested incubation temperatures in BHI 
broth (p ≥ 0.05). In TSB broth, a significant statistical 
difference was found between isolates incubated at all 
three temperatures (p < 0.001, p < 0.001, p < 0.001). 
The lowest temperature was the least suitable for the 
formation of biofilm, whereas ambient temperature 
was the most favorable for biofilm production. When 
we compared the biofilm production in TSB and BHI 
broths, we observed that TSB was the better broth for 
efficient biofilm production only at 25 °C and 37 °C 

(p <0.001, p=0.049). The temperature and medium 
composition are important for biofilm production. 
Salmonella’s ability to form biofilms at ambient and 
refrigeration temperatures is significant in the poultry, 
catering, and household industries, allowing for long-
term bacterial persistence.
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1. Introduction

Bacteria belonging to the genus Salmonella are fac-
ultatively Gram-negative rod-shaped motile bacte-
ria and one of the most common zoonotic intestinal 
pathogens. Human and farm animal digestive tracts 
are bacterial primary niches. Salmonella enterica, as 
the human primary pathogen, has a very complicated 
serological classification, based on somatic, flagelar, 
and capsular antigens. Up to today, there are over 2600 
serovars. Bacteria are divided into typhoidal and non-
typhoidal serovars. Typhoidal serovars (S. Typhi and 
S. Paratyphi) are human-restricted, causing typhoid 
fever and leading to an estimated 11–21 million cas-
es and 148,000–161,000 associated deaths every year 
(Hancuh et al. 2022). Nontyphoidal serovars are di-
verse in their host range and vary in their pathogenic 
capability. So they cause huge economic losses due to 
human and animal infections. Among humans, the 
most prevalent NTS causing enteric fevers are S. En-
teritidis and S. Typhimurium. Only in the USA, con-
taminated chicken, turkey, or eggs have been linked 
to over 70% of cases of human salmonellosis (Andino 
& Hanning, 2015). 

Biofilms are essential to the survival of microor-
ganisms in their natural habitat, either the environ-
ment or the human body. Biofilm represents a sessile 
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bacterial community and enables bacteria to survive 
in the harsh environment. Inside the biofilm, bacte-
ria produce a protective matrix layer that is absent 
in planktonic lifestyle and is responsible for the ma-
jority of mechanisms that bacteria avoid eradication 
from the infection site. Bacterial communities inside 
biofilms can increase resistance to the host immune 
system. Thus, it is believed that over 80% of chronic 
infections are caused by biofilm-producing bacteria, 
which increases the risk of hospitalization, healthcare 
expenses, and morbidity (Vestby et al. 2020). Biofilms 
play a significant role in the chronic gallbladder car-
riage of S. Typhi, and are often associated with the 
presence of gallstones or other gallbladder abnor-
malities enabling S. Typhi an appropriate surface to 
establish biofilms (Harell et al. 2021). Biofilm forma-
tion is usually a bacterial response to changes in the 
environment or human organism and can be triggered 
by changes in pH, oxygen level, nutrient availability, 
or temperature in the habitat niche. 

This study aimed to investigate the ability of non-
typhoidal Salmonella strains isolated from contam-
inated food of animal origin to produce biofilm in 
different incubation conditions such as nutrient media 
and incubation temperatures. 

2. Material and methods

2.1. Bacterial isolates
Bacterial strains analyzed in this study were part of 
the bacterial collection of the Center for Laboratory 
Testing and Quality in the Public Institution Veteri-
nary Institute of the Republic of Srpska “Dr. Vaso Bu-
tozan”. Bacterial isolates were recovered from the food 
samples of the animal origin. A total of 730 samples 
were collected between 2017 and 2018 from different 
commercial markets. For pre-enriching the food sam-
ples, 25 g of the sample and 225 mL of 2% buffered 
peptone water (Oxoid, Thermo Scientific, Lenexa, KS) 
were placed in a bag and homogenized for 2 min in 
stomacher at the maximum speed (Bag Mixer; Inter-
science, Saint Nom, France). The homogenized food 
samples were then incubated at 37°C for 24 h. Next, 
100 μL of each enriched sample was pipetted into 10 
mL of Rappaport-Vassiliadis broth (Oxoid, Thermo 
Scientific, Waltham, MA) and incubated at 42°C for 
24 h. Aliquots of the incubated Rappaport-Vassiliadis 
broth were streaked on xylose−lysine−deoxycholate 
agar (XLD, Oxoid, Thermo Scientific, Waltham, MA) 
using a loop, and each plate was incubated at 37°C 
for 24 h. Presumptive pink colonies were cultured 
and biochemically tested including Triple Sugar Iron 
(TSI), Citrate utilization, Urease, Sulphate, Indole, and 
motility tests. The Salmonella-positive colonies were 
serotyped by slide agglutination using commercially 

available antisera kits (Novolab, Belgium) with O and 
H antigen sera and interpreted in accordance to the 
Kaufmann-White scheme. 

2.2. Biofilm production assay
Quantification of biofilm production was done fol-
lowing the protocol by Stepanovic et al (2004). Af-
ter the 37°C overnight incubation in Trypticase Soy 
broth (TSB, Biorad, UK) and Brainheart Infusion broth 
(BHIB, Biorad, UK), strains were diluted in fresh me-
dia to achieve a final concentration of 106 CFU/ml. 
Aliquots of Salmonella spp. suspensions (100 μl) were 
transported to each well of the 96-well microtiter plate 
and afterward incubated for 24 hours at three different 
temperatures (4 °C, 25 °C, and 37 °C). Microtiter plates 
were aspirated and washed three times with sterile phos-
phate-buffered saline (PBS). The plates were dyed with 
100 μl of 2% (w/v) crystal violet for 15 minutes, washed 
three times, and dried overnight at room temperature. 
Thereafter, 100 μl of glacial acetic acid at 33% (v/v) was 
used to dissolve the dye that had been bound to the bio-
film matrix. Using an automated microtiter plate reader, 
the optical density (OD) of each well was determined 
at 570 nm (ICN Flow Titertek Multiskan Plus Reader, 
Meckenheim, Germany). TSB/BHIB broth was the only 
suspension in the negative control wells. Three standard 
deviations more than the mean OD of the negative con-
trol were designated as the cut-off OD (ODc). 

The results were evaluated as follows: 
OD ≤ ODc non-biofilm producers, 
ODc < OD ≤ (2 × ODc) = weak biofilm producers, 
(2 × ODc) < OD ≤ (4 × ODc) = moderate biofilm 

producers, and 
OD > (4 × ODc) = strong biofilm producers.

Biofilm biomass produced by bacterial isolates was 
measured by using a spectrophotometer and expressed 
as the average OD for each isolate.

2.3. Statistical analysis
SPSS version 20.0 (SPSS Inc., Chicago, IL, USA) was 
used for statistical analysis. Fisher’s exact test was used 
for comparison of the frequency of occurrence of the 
analyzed categorical variables. A p-value less than 0.05 
was considered to be significant.

3. Results

3.1. Bacterial isolates
During two years, 30 isolates were detected in a total 
quantity of 730 samples (4.1%). The majority of iso-
lates were recovered from chicken meat (27), while 
three strains were isolated from milk products and 
ground beef. The S. Infantis (14 isolates) and S. En-
teritidis (12) were the two most common serotypes. 
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We also detected two isolates of S. Typhimurium and 
one isolate of S. Virchow and S. Hadar. 

3.2. Biofilm production
The bacterial capacity to produce biofilm was deter-
mined in different cultivation conditions. First, we 
wanted to study the formation of biofilm at different in-
cubation temperatures in the provided broths. Next, we 
aimed to test whether two broths with different com-
positions are equally effective for biofilm production.

As expected, none of the isolates were strong bio-
film producers at all three incubation temperatures in 
BHI broth. Although the refrigeration temperature was 
the most unfavorable for biofilm creation, there were 
no significant statistical differences between tested in-
cubation temperatures (p=0.43), as shown in Fig. 1. 

Also, in TSB broth we did not notice any strong 
biofilm producers in all three tested temperatures. On 
the other hand, at 4 °C we detected the majority of 

non-biofilm producers, while 25 °C was the most fa-
vorable temperature for moderate biofilm production. 
Weak biofilm production was detected mostly in iso-
lates incubated at ambient temperature. Significant sta-
tistical difference was found between isolates incubated 
at all three temperatures (p<0.001, p<0.001, p<0.001). 
The lowest temperature was the least suitable for the 
formation of biofilm, whereas the sessile community 
thrived at ambient temperature, as shown in Figure 2. 

When we compared the biofilm production of 
different bacterial isolates in two different broths, we 
observed that TSB was the appropriate broth for better 
biofilm production during overnight incubation at 25 
°C and 37 °C (p <0.001, p=0.049). This was because 
isolates cultivated in TSB showed more measured 
biofilm biomass (0.065 vs 0.032, and 0.029 vs 0.025, 
respectively) and a higher percentage of moderate and 
weak biofilm producers than in BHI broth. During 
overnight incubation at 4 °C, we noticed that biofilm 
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Figure 1. Biofilm production of Salmonella serotypes in BHI broth in three different incubation temperatures
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Figure 2. Biofilm production of Salmonella serotypes in TSB broth at three different incubation temperatures
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biomass was evenly created in both broths (0.023 vs 
0.022), as well as only a small percentage of weak bio-
film producers were detected (33% vs 20%) (p=0.24). 

4. Discussion

Worldwide, nontyphoidal salmonellosis is a serious 
public health concern in both industrialized and de-
veloping countries and is causing 93.8 million cases of 
gastroenteritis globally each year, with 155,000 deaths 
(Ngogo et al., 2020). The most common sources of 
human infections are poultry, eggs, and pork meat 
products, while herbal products (rice, fresh vegeta-
bles and fruits, seeds, and spices are the rarest types 
of products (Pinedo et al. 2022). This is in correlation 
with our findings of bacterial presence mostly in con-
taminated chicken meat. Salmonella can be transmit-
ted in poultry horizontally through the contaminated 
feed or vertically from chicken to the egg. Bacteria can 
persist for long periods on farms among broilers and 
on non-living equipment through biofilm production 
and antibiotic resistance. The dominant serotypes in 
our study were S. Infantis and S. Enteritidis, with a 
common incidence of 87% of all tested isolates. Similar 
results were obtained from a previous survey of food 
samples of animal origin in our region, i.e. in Serbia 
and Croatia (Vidaković et al. 2017, Jaki Tkalec et al. 
2021). According to reports from the European Food 
Safety Authority and the European Center for Disease 
Control and Prevention (2021), the two most common 
serotypes found in our study were also the most fre-
quently isolated serotypes in broiler chickens. Broiler 
chicken meat was the most common sample in our 
research. Our results are also in agreement with the 
most prevalent serotypes detected among patients with 
bacterial gastroenteritis in Bosnia and Herzegovina 
(Aljicevic et al. 2019, Zdravstveno stanje stanovništva 
Republike Srpske 2021). S. Enteritidis and S. Typh-
imurium are invasive serotypes and cause erosion of 
epithelial cells and reduction of the intestinal surface 
area in broilers and subsequent transition into blood, 
bacteremia, and death. On the other hand, S. Infantis 
is not so invasive and lethal for broilers but can change 
the architecture of the intestinal mucosa (villus-height-
to-crypt-depth ratios in the duodenum, jejunum, and 
ileum) leading to deterioration of feed degradation 
and absorption (Šefcova et al. 2023). Compared to 
slow-growing lines and layer-flocks, S. Infantis has a 
higher prevalence in fast-growing broilers, possibly 
due to lower immune response in the chicken gut 
and higher fecal shedding.(Drauch et al, 2022). The 
actuality of S. Infantis is explained by its efficient and 
rapid spread in poultry farms, with the consequent 
increase in incidence among human isolates. This se-
rotype exhibits significant antibiotic resistance and, 

when combined with its ability to produce biofilm, al-
lows long-term bacterial persistence in poultry farms. 

Besides the farms, bacterial biofilms are also prob-
lematic in medicine, the food industry, water supply, 
and sewerage, as well as during the preparation of ca-
tering and household food. When outside of a host, 
Salmonella can form a biofilm, which allows it to attach 
to various surfaces, both living and non-living, and 
remain in a dormant but viable state until it’s ingested 
by a human or animal. In this study, we examined the 
capacity of NTS to create a biofilm under various culti-
vation conditions such as highly and moderately nutri-
tious broths and at different incubation temperatures, 
which correspond to the temperature of the refrigera-
tor, the ambient temperature, and the temperature of 
the human body. Our results showed that the compo-
sition of the broth has a huge impact on the bacterial 
capacity for biofilm production. Biofilm formation is 
a common adaptation mechanism used by bacteria 
to survive harsh environmental conditions, such as 
low humidity or lack of nutrients. After conducting 
our investigation, it became apparent that utilizing a 
highly nutritious medium such as BHI broth was not 
a suitable medium for testing biofilm production in 
our strains. This is because the majority of isolates we 
tested did not produce biofilm at all, and the remaining 
isolates that were capable of biofilm formation were 
classified as weak biofilm producers. Although it seems 
that the refrigeration temperature was the least favor-
able for biofilm formation, all isolates produced equal 
biofilm at all three tested temperatures in the BHI me-
dium. On the other hand, a moderately nutritious me-
dium such as TSB, was more suitable for biofilm testing 
since the majority of isolates were determined as low or 
moderate biofilm producers at higher temperatures (25 
°C and 37 °C). Our findings are in agreement with the 
results of Stepanovic et al. (2004), who also observed 
that a highly nutritious medium like BHI is not suitable 
for testing the production of biofilms in Salmonella 
isolates. According to Speranza et al. (2011), a peptone 
concentration of 1.0-1.5 g/L is optimal for Salmonella 
spp. biofilm formation, which is more similar to pep-
tone concentration in TSB than BHI broth used in 
this study. A significant statistical difference was ob-
served in the ability of isolates to produce biofilm at 
various temperatures in the TSB medium. The study 
revealed that the lowest temperature was not a suitable 
condition for biofilm production, while the ambient 
temperature was the most favorable for the production 
of biofilm. When comparing the capacity of bacterial 
isolates for biofilm production at the same tempera-
ture between TSB and BHI broths, they showed better 
biofilm formation at higher temperatures in TSB com-
pared to BHI. The most favorable temperature for bio-
film formation in TSB was ambient temperature, which 
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is in agreement with the results of other investigators 
(Speranza et al. 2011, Piras et al. 2015, Shatila et al. 
2021). This could be explained by two different mech-
anisms of action. While 25 °C represents the ambient 
temperature and favors the optimal expression of agfD 
promoter, 37 °C is the optimal growth temperature 
of the pathogen. Goveart et al. (2018) explained poor 
biofilm formation at 37 °C due to a low expression of 
the agfD promoter at 37 °C and in a medium with high 
osmolarity. AgfD promoter is important for the optimal 
synthesis of curli fimbriae and cellulose production 
which are important components of the biofilm matrix 
in Salmonella serotypes (Borges et al. 2018). At higher 
incubation temperatures (37 °C), which is the optimal 
temperature for bacterial growth and multiplication, 
weaker biofilm production can be observed. This can 
be attributed to the fast depletion of nutrients, the lack 
of curli biosynthesis, and the decrease in the viscosity 
of exopolysaccharides. (Shatila et al. 2021) 

No difference between these two broths was noticed 
only at the refrigeration temperature. However, it is 
important to note that even at the lowest temperature, 
a small percentage of isolates managed to form a weak 
biofilm. Webber et al. (2019) showed that S. Enteritidis 
can form biofilm at low temperatures and short contact 
times, which is important because of difficulties in the 
disinfection of food industry surfaces and the possi-
bility of cross-contamination during food processing. 

5. Conclusion

Incubation conditions such as temperature and me-
dium compositions are very important factors for 
biofilm production. Salmonella’s ability for biofilm 
formation at ambient and refrigeration temperatures 
is very important in the poultry industry, catering, 
and household and enables bacterial persistence for 
a long time.
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