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ABSTRACT. In this study, the effects of environmental factddifferent media,
temperature, pH, salt and sugar concentrations)then planktonic growth, biofilm
formation and formed biofilm oEscherichia coliKGPMF 16 andEscherichiacoli
KGPMF 17 were investigated. Tested bacteria weotated from traditionally made
cheese produced in Southeastern Serbia (Sokokamn). The influence on planktonic
growth, biofilm formation and formed biofilm wastdemined using spectrophotometric
method. The limiting factors for the planktonic gth and biofilm formation were
temperature of 4 °C and all tested concentratidnsalt. The growth of tested bacteria
was higher in media enriched with lactose than edia containing glucose. TSB was
more congenial media to the planktonic growth aftbda than MHBbroth. None of the
tested bacteria demonstrated the ability to forofilm at 4 °C and 44 °C. Onl. coli
KGPMF 17 showed ability to form biofilm in TSB at 37 °Oifferent concentrations of
salt, glucose and lactose exhibited inhibitory @ffen biofilm formation, but all tested
concentrations of lactose showed stimulating eféectormed biofilm ofE. coli KGPMF
17. These results contribute to better understgnafithe effects of environmental factors
on the development &:. coliin cheese.
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INTRODUCTION

Escherichia coliis one of the members of the microbiota of thesthal flora. With
other bacteria, they contribute 0.1% to the tdtalkf (ECKBURG et al.,, 2005).E. coli possesses
the ability to survive outside the host for a certame which makes it an important indicator
of environmental condition @G et al., 2002). bHI and \DowsKy (2008) confirmed that
resistan€. coli may survive very long outside the host.

Environmental factors, such as concentration ofrienis, osmotic pressure,
temperature, etc., affect bacteria in their enviment (BRENHORVD et al., 1992; BOUCHER et
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al., 1994). In the environment, bacteria are morgueatly found in biofilms than in
planktonic (free-living) forms (HLL-STOODLEY et al., 2004; FHARRISON et al., 2007). These
biofilms are generally described as microbial celisched to a surface and encased in an
extracellular polysaccharide matrix §STERTON et al., 1995). Several factors such as pH,
temperature, concentration o, @nd glucose can affect biofilm formationd€ra et al,
2014). Biofilms demonstrate greater resistancentmracrobial agents (X et al.,2000) which

is significant due to the fact that biofilms caused spoilage during production in food
industry (TREMOULET et al., 2002). Many investigations indicated that the temafure, type

of medium and other growth conditions determinedctvigenes were induced or repressed
during biofilm development (S{EMBRI et al., 2003; BLOIN et al., 2004; RN et al., 2004,
DoMKA et al., 2007). According Msseet al. (2014) potentially human-pathoge#ic coli
from the ovine reservoir can form biofilm on varsoaurfaces and at several temperatures
relevant for food.

The aim of this study was to investigate the planit growth and ability of the
bacteria from the generfascherichia(E. coli KGPMF 16 and E. coli KGPMF 17) from
autochthonous cheese, to form biofilm in two difarbroths, under the influence of different
temperatures, pH, concentrations of NaCl, gluco=k lactose, as well as the impact of the
mentioned environmental factors on the formed lofi

MATERIALS AND METHODS
Strains and growth conditions

Bacteria used in this study weke coli KGPMF 16 andE. coli KGPMF 17. E. coli
ATCC 25922 was used as a positive control. Thedbactwere previously isolated from
Serbian cheese (Sokobanja region) and determintgk dtaboratory for Microbiology at the
Faculty of Science, University of Kragujevac (KGPM@MLADENOVIC et al., 2018). The
collection of identified bacterial species was kgpa 20% glycerol/medium mixture at -80
°C.

The effect of different temperatures on the planktonic growth of tested bacteria

The examination of the effect of temperature on dhewth of tested bacteria was
conducted in Tryptic soy broth (TSB) (Merck, KGaBarmstadt, Germany) and Muller-
Hinton broth (MHB) (Torlak, Serbia) of standardroodified compositions. These two broths
were used due to their different composition arftedint influence on the bacterial growth.
10 ul of initial bacterial suspension (300° CFU/mI) was added to 3 ml of each type of
media. All samples were prepared in triplicate hefme one tested temperature (4 °C, 37 °C,
44 °C). The samples were incubated for 24 h. P&#® and MHB served as sterility controls.
The results were obtained using spectrophotom&BPEKOL 21, MA 9521, Iskra, Kranj,
Slovenia) at 600 nm. Each experiment was perforimédplicate.

The effect of different pH and different concentrations of NaCl

For examining the effect of pH, the media whosevalies were 5.5, 6.5, 7, 7.5 and
8.5, were prepared. After adding HCI, acidic andtre¢ media were obtained (pH 5.5, 6.5
and 7), while after adding NaOH, we obtained basedia (pH 7.5 and 8.5). For TSB, the
growth control was pH 7.5, while for MHB, growthrtdeol was pH 7. The effects of different
salt concentrations were investigated in modifieztlim with the addition of NaCl (4%, 6.5%
and 8%). Growth in TSB containing 4% NaCl and imepMHB served as growth controls. In
3 ml of each type of modified media, fiDof initial bacterial suspension (320° CFU/ml)
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was added. The samples were incubated at 4 °CC3hd 44 °C for 24 h. The results were
obtained using spectrophotometer at 600 nm. Egobrarent was performed in triplicate.

The effect of different concentrations of glucose and lactose

To modified TSB and MHB, different concentrationsgiucose and lactose (0.5%,
1.5%, 2.5% and 3.5%) were added, respectivelyl 1 initial bacterial suspension (300’
CFU/ml) was added to 3 ml of each type of medid.sAmples were prepared in triplicate,
each for one of tested temperatures (4 °C, 37 W4dn°C). The samples were incubated for
24 h. Growth and sterility controls were preparasi,well. The results were obtained using
spectrophotometer at 600 nm. Each experiment wderpeed in triplicate. Growth in TSB
containing 0.25% of glucose (pH 7.5) and in pureB/M&¢rved as growth controls for growth
of bacteria in glucose and lactose.

Determination of antibiofilm activity

Pellicle test

The ability to form a biofilm phenotype or pellici®rmation on the air-liquid
interphase was demonstrated using pellicle assagcaordance with the method already
described (¥sTBY et al., 2009), with modifications. 1.8 ml of TSB and MHBerwe
inoculated with 0.2 ml of each isolate suspensamd then incubated for 96 h at 37 °C. The
categorization of isolates and their ability togwoe the biofilm were based on the production
of pellicle on the surface of the liquid phase adog to the following scheme: the solid fat
formed pellicle (+++) - a good biofilm producer,ttn pellicle formed (++) - a moderate
biofilm producer, very thin pellicle (+) - a weakoblm producer, a complete absence of
pellicle (-) - the absence of ability to produce thiofilm. Pellicle test was repeated three
times for each tested isolate.

Biofilm formation assay and quantification

The ability ofE. coliKGPMF 16, E. coliKGPMF 17 andE. coliATCC 25922 to form
biofilms at 4 °C, 37 °C and 44 °C, was assayed ByOLE AND KOLTER (1998), with some
modifications.

Two different broths (TSB or MHB) were used for teperiment. In sterile 96-well
tissue culture plates (Sarstedt, Numbrecht, Gerjnearytaining 10Qu of modified broth per
well (with different pH, different concentration shlt, glucose and lactose), fDof fresh
bacterial suspension (1.0 McFarland) was addecerAftcubation at 37 °C for 48 h, the
content of each well was gently removed by tappirgplates. The wells were washed with
200 ul of sterile saline to remove free-floating baaemiofilms formed by adherent cells in
plate were fixed with 100l of methanol, and then stained with 0q0.1%) of crystal violet
and incubated at the room temperature for 20 mxce&s stain was rinsed off by thorough
washing three times with 2Q0 deionized water and then fixed with 1(ADof 96% ethanol.
Optical densities (ODs) of stained adherent baxtegre determined using an enzyme-linked
immunosorbent assay (ELISA) plate reader (RT-21®4&yto, Shenzhen, China) at 630 nm.

A sterile broth with different concentration of pNaCl and sugar served as control
for checking sterility and nonspecific binding ofedia. In order to neutralize background
absorbance, OD readings from sterile medium, medliforoth, fixative, and dye were
calculated and subtracted from all test valuesteédts were performed in triplicate and their
mean value was calculated.
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The effect on formed biofilm

The tissue culture 96-well microtiter plates (Sadst NUimbrecht, Germany) were
prepared by dispensing 1Q0 of TSB or MHB. 10ul of fresh bacterial suspension (1.0
McFarland) was added into each well. The inoculatéctotiter plates were incubated at 37
°C for 24 h. After the incubation, the content atle well was gently pulled out. Then, 140
of modified broth, which contained different pHffdrent concentration of salt, glucose and
lactose was added and inoculated microtiter platre incubated at 37 °C for 24 h. After the
incubation, the content of each well was gentlyaeed by tapping the microtiter plates. The
rest of the experiment was performed as describedea

Data analysis

All data were presented as means * standard dawvsatusing Microsoft Excel
(Redmond, Washington, DC, USA).

RESULTS

Theinfluence of different temperature, pH, NaCl, glucose and lactose
concentrations on the planktonic growth of tested bacteria

Tested bacteria were incubated in different medlithiiee different temperatures (4
°C, 37 °C and 44 °C). After the incubation, it weticed that there was no growth at 4 °C.

In TSB at 37 °C, the growth &. coliKGPMF 16 was reduced in all pH, except in pH
8.5, where growth was higher compared to the graetiirol. The growth oE. coliKGPMF
17 andE. coli ATCC 25922 was reduced in pH 5.5 and 6.5, whilethrer tested pH growth
was similar as growth control. In MHB at 37 °C, tgewth of E. coli KGPMF 16 was
reduced in all tested pH, except in pH 7.5, wheoavth was equal to the growth control. The
growth of E. coli KGPMF 17 was reduced in pH 5.5 and 8.5, while d¢hoof E. coli ATCC
25922 was reduced in all tested pH, except in [@H 6.

In TSB at 44 °C, growth oE. coliKGPMF 16,E. coliKGPMF 17 anckE. coli ATCC
25922 was reduced in all tested pH, except 8. MHB, at 44 °C, growth okE. coliKGPMF
16 was reduced in pH 5.5 and 8.5, but in pH 6.& gitowth was stimulated. The growthkf
coli KGPMF 17 ancE. coliATCC 25922 was reduced in all pH, except in pH(@&b. 1).

All tested salt concentrations in TSB and MHB proell reducing effect on the
planktonic growth oE. coliKGPMF 16,E. coliKGPMF 17 andE. coliATCC 25922, at both
tested temperatures (37 °C and 44 °C) (Tab. 2).

All tested concentrations of glucose in TSB at 87demonstrated reducing effect on
the planktonic growth oE. coli KGPMF 16,E. coli KGPMF 17 anct. coli ATCC 25922. In
MHB with different concentrations of glucose, at°®7, the growth ok. coliKGPMF 16 was
reduced. The growth dE. coli KGPMF 17 was stimulated in all concentrations,egtan
1.5%, while the growth oE. coli ATCC 25922 was reduced in all concentrations, pixoe
2.5%.

In TSB containing different concentrations of glsepat 44 °C, growth dE. coli
KGPMF 16,E. coliKGPMF 17 ancE. coli ATCC 25922 was reduced. Exception is 0.5% of
glucose, where growth d. coli ATCC 25922 was stimulated. MHB containing 2.5% and
3.5% of glucose was stimulating for E. coli KGPM& dt 44 °C, while the growth @&. coli
KGPMF 17 ancE. coliATCC 25922 was stimulated in all other pH (Tab. 3)



Table 1. The effect of different pH on the plamiitogrowth.

TSB at 37 °C MHB at 37 °C
Species 55 6.5 7 7.5% 8.5 55 6.5 7* 7.5 8.5
E. coli KGPMF 16 0.01+0.0( 0.67++0.01 0.8(+0.01 1.04t0.01 1.41+0.0z 0.05+0.0C 0.7(x0.1C 0.8(x0.01 0.8(+0.0C 0.62+0.01
E. coli KGPMF 17 0.02+0.0C 1.4€+0.04 1.6%+0.01 1.64t0.0C 1.6(+0.0C 0.0€+0.0z 0.7(x0.01 0.7(x0.0:¢ 0.7(+0.01 0.4(+0.0¢
E.coli ATCC 25922  0.03+0.0C 1.1¢+0.04 1.7€+0.01 1.72£0.0z 1.6&+0.01 0.05+0.0C 0.82+0.04 0.75+0.01 0.6€£0.0C  0.4£+0.0C
TSB at 44 °C MHB at 44 °C
Species 55 6.5 7 7.5*% 8.5 55 6.5 7* 7.5 8.5
E. coli KGPMF 16 0.02£0.0C 0.6%5+0.0:z 0.7&+0.0z 1.0%0.0z 1.3&£0.07 0.01£0.0C 0.94+0.3¢ 0.71+0.0C 0.72£0.0C  0.17+0.01
E. coli KGPMF 17 0.0:+0.0C 0.6z+0.2€ 0.82£0.2t 1.0740.0z 1.12+0.04 0.02+0.0C 0.2¢+0.0t 0.24+0.0¢ 0.21+0.04  0.12+0.0Z
E. coli ATCC 25922  0.0z+0.0C 0.8z+0.0z 0.87+0.01 0.94+0.0z 1.3&0.0z 0.04+0.0C 0.470.01 0.37#0.0C 0.32+0.00z 0.2€+0.1Z
Values are presented as mean + standard deviagasured at 600 nm; *growth control.
Table 2. The effect of different concentrationdNaiCl on the planktonic growth.
TSB at 37 °C MHB at 37 °C
Species 4%* 6.5% 8% PMHB* 4% 6.5% 8%
E. coli KGPMF 16 0.72+0.01 0.31+0.02 0.07+0.0C 0.80+0.0: 0.1¢<+0.0C 0.07£0.0C 0.02+0.0C
E. coli KGPMF 17 1.15+0.02 0.44+0.0€ 0.124+0.01 0.7040.0: 0.24+0.0¢ 0.0¢+0.0z 0.02£0.0C
E. coli ATCC 25922 1.5&+0.2¢€ 0.8€+0.0: 0.42+0.0Z 0.7510.0: 0.1€+0.0C 0.02+0.0C 0.02+0.0C
TSB at 44 °C MHBat 44 °C
Species 4%* 6.5% 8% PMHB* 4% 6.5% 8%
E. coli KGPMF 16 0.6(+0.0Z 0.0€£0.0z 0.02£0.0C 0.71+0.0( 0.0€+0.0z 0.0z£0.0C n.g.
E. coli KGPMF 17 0.54+0.0C 0.07+0.01 0.05+0.01 0.24+0.0: 0.0€+0.0C 0.0z£0.0C n.g.
E. coli ATCC 25922 0.62+0.0C 0.54+0.0: 0.1240.0Z 0.3740.01 0.12+0.0C 0.04+0.0C 0.01+0.0C

Values are presented as mean + standard deviagasured at 600 nm; n.g.- no growth; *growth contPdliHB-pure MHB- growth control.



Table 3. The effect of different concentrationglofcose on the planktonic growth.

TSB at 37 °C MHB at 37 °C
Species 0.25%" 0.5% 1.5% 2.5% 3.5% PMHB* 0.5% 1.5% 2.5% 3.5%
E. coli KGPMF 16  1.04+0.0: 0.84+0.01 0.81+0.0z 0.7Z0.0C 0.6&+0.01 0.80+0.0: 0.6z0.0: 0.6%+0.0: 0.7z+0.04 0.65+0.1Z
E.coli KGPMF 17  1.64+0.0( 1.2¢+0.0C 1.21+x0.01 1.0&0.0C 1.1£+0.01 0.70£0.0¢ 0.91x0.0z 0.6¢+0.0: 0.8(x0.0z 0.74+0.02
E. coli ATCC 25922 1.72+0.0: 1.1¢+0.0¢ 1.1%+0.01 1.0€+0.0z 1.0%+0.0z 0.75£0.0: 0.51+0.0C 0.5£+0.01 0.75+0.0C 0.52+0.02
TSB at 44 °C MHB at 44 °C
Species 0.25%" 0.5% 1.5% 2.5% 3.5% PMHB* 0.5% 1.5% 2.5% 3.5%
E. coli KGPMF 16  1.07£0.0 0.9t+0.0: 0.95+0.0z 0.8€+0.01 0.81+0.0z 0.71+0.0( 0.6%+0.0: 0.67+0.0z 0.7€+0.0t 0.72+0.04
E.coli KGPMF 17  1.07£0.0 0.94+0.0z 0.9%+0.01 0.8&0.0C 0.8z+0.01 0.24+0.0: 0.5%0.11 0.6(x0.0¢ 0.7Z0.0t 0.6(x0.1C
E. coli ATCC 25922 0.94+0.0: 0.9¢+0.0¢ 0.9:+0.0z 0.84+0.0€ 0.65+0.44 0.37+0.0( 0.6&0.0z 0.65+0.0t 0.44+0.04 0.51x0.1C
Values are presented as mean * standard deviagasured at 600 nm; * growth control; PMHB-pure MHfBawth control.
Table 4. The effect of different concentrationsaatose on the planktonic growth.
TSB at 37 °C MHB at 37 °C
Species 0.25%? 0.5% 1.5% 2.5% 3.5% PMH 0.5% 1.5% 2.5% 3.5%
E.coli KGPMF 16  1.04+0.0: 0.9¢+0.0C 0.9(+0.0C 0.84+0.0C 0.7€+0.01 0.80+0.0: 0.8(+0.07 0.7(x0.0C 0.7(x0.01 0.7(x0.01
E. coli KGPMF 17  1.64+0.0( 1.67+0.0C 1.6z£0.0C 1.5%+0.0C 1.44+0.0C 0.70£0.0¢ 1.1(+0.0: 0.92+0.0z 0.84+0.01 0.85+0.0C
E. coli ATCC 25922 1.72+0.0: 1.2¢+0.01 1.14#0.01 1.0+0.0z 1.07%+0.0: 0.75%0.0: 0.6€+0.0: 0.6€+0.0z 0.6+0.0z 0.57+0.01
TSB at 44 °C MHB at 44 °C
Species 0.259%4 0.5% 1.5% 2.5% 3.5% PMH 0.5% 1.5% 2.5% 3.5%
E.coli KGPMF 16  1.07+£0.0 0.8¢+0.01 0.7¢+0-02 0.7&0.0: 0.74+0.01 0.71+0.0( 0.4¢+0.0¢ 0.52+0.0¢ 0.5%+0.0¢ 0.55+0.04
E. coli KGPMF 17  1.07+£0.0: 0.8¢+0.01 0.8(#0.0C 0.7&.001 0.720.0C 0.24+0.0: 0.5€+0.1C 0.57+0.07 0.5%0.0¢ 0.5%+0.1Z
E. coli ATCC 25922 0.94+0.0: 1.1(+0.01 1.01#0.0f 0.9¢+0.0% 0.87%+0.0z 0.37+£0.0( 0.51+0.0: 0.5z+0.0t 0.51+0.04 0.54+0.04

Values are presented as mean + standard deviagasured at 600 nrhgrowth control with glucose;
"in TS with 0.25% of glucose, it was added 0.5%%4d,.2.5% and 3.5% of lacose; PMHB- MHB without glsemr lactose (growth control).
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In TSB containing different concentrations of le®pat 37 °C the growth &. coli
KGPMF 16 ancE. coli ATCC 25922 was reduced, while growthEf coli KGPMF 17 was
stimulated only in 0.5% of lactose. In MHB with féifent concentrations of lactose, at 37 °C
the growth ofE. coli KGPMF 17 was stimulated, while the growthEbfcoli KGPMF 16 and
E. coliATCC 25922 were reduced. Orly coli KGPMF 16 on 0.5% of lactose give the same
value as in growth control.

In TSB containing lactose, at 44 °C the growth ofcBli KGPMF 16 andE. coli
KGPMF 17 was reduced, while the growth Bf coli ATCC 25922 was stimulated in all
tested concentrations, except in 3.5%. In MHB coimg lactose, at 44 °C the growth Bf
coli KGPMF 16 was reduced, while the growth E&f coli KGPMF 17 andk. coli ATCC
25922 was stimulated (Tab. 4).

Determination of antibiofilm activity
Pellicle test

E. coliKGPMF 16, andE. coliKGPMF 17 were tested on the ability to form pellicle
in TSB and MHB at 37 °C. According to the resuliscoliKGPMF 16 andE. coliKGPMF
17 exhibited no ability to form pellicle in TSB or MHB.

Biofilm formation

Bacteria isolated from traditionally made cheeseewested on the ability to form
biofilm in two different media, at three temperasir(4 °C, 37 °C, 44 °C). After the
incubation (48 h), it was noticed that none of thsted bacteria showed ability to form
biofilm at 4 °C, 37 °C, 44 °C in MHB. It was alsmticed that onlyE. coli KGPMF 17
demonstrated the ability to form biofilm in TSB3at °C.

The influence of different pH, NaCl, glucose and lactose concentrations on the
biofilm formation and formed biofilmin TSB

On the biofilm formation ofE. coli KGPMF 17, pH 5.5 showed stimulating effect,
while in pH 6.5 and 8.5 biofilm was reduced. In @gHbiofilm formation was equal to the
biofilm formation of positive control. The growth formed biofilm was stimulated in all pH
values (Fig. 1).
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Figure 1. The influence of pH on the biofilm forrast and formed biofilm (*growth control).
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All concentrations of salt produced inhibitory effe@n the biofilm formation oE. coli
KGPMF 17, compared to the control (growth at 4%).cAncentrations of salt demonstrated
stimulating effect on the formed biofilm (Fig. 2).
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Figure 2. The influence of NaCl on the biofilm fation and formed biofilm (*growth control at 4%).

All tested concentrations of glucose showed inbiyieffect on the biofilm formation,
except 0.5% glucose, where biofilm formation wasadqo the growth control. 0.5% glucose
demonstrated stimulating effect on the formed binfil.5% showed no influence on the
formed biofilm, while higher concentrations of ghse demonstrated the ability to reduce the
formed biofilm (Fig. 3).
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On the biofilm formation ok. coli KGPMF 17, 0.5% lactose, showed no influence.
On the biofilm formation, 2.5% lactose demonstragichulating effect, while 1.5% and 3.5%
lactose showed inhibitory effect on the biofilm rfation. All concentrations of lactose
showed stimulating effect on the formed biofilmgH).
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Figure 4. The influence of different concentratioh$actose on
the biofilm formation and formed biofilm

DISCUSSION

In this study, for the first time, the planktoniogth of E. coliKGPMF 16 ancE. coli
KGPMF 17 (isolated from Serbian cheese (Sokobag@n) made in a traditional way) was
investigated.

It was noted that the growth was higher in TSB at’G. The acidic medium was a
limiting factor for the growth ok. coli KGPMF 16 ancE. coli KGPMF 17, while the basic
medium was more suitable for the growth. Salt iagihg factor for the planktonic growth
of E. coliKGPMF 16 ancE. coliKGPMF 17. Higher salt concentrations increasedabanty
of the medium,which led to hyper osmotic shock &:. coli cells causing the growth
suppression. The significance of increasing thé cahcentration of the medium for the
growth ofE. colibecame more apparent when the temperature was rfaise 37 °C to 44
°C. It was concluded that increasing the salt cotre@ion in the medium partially
surmounted the inhibition of growth d&. coli at high temperature. One of studies that
examined the combined effect of salt and heat rtreat on the bacterial growth were
conducted (BDULKARIM et al.,2009).It was already established that high salt concaatra
which increases osmolarity of the medium, alsoaasing the temperature, so both of this
conditions limit the growth of bacteria¢STT, 1989; TROLLER, 1986). Based on the results,
it could be concluded that the planktonic growthesited bacteria was more stimulated in the
presence of lactose than glucose, while differafit ®ncentrations demonstrated reducing
effect on the planktonic growth.

In our investigationE. coli KGPMF 16 anckE. coli KGPMF 17 demonstrated limited
growth in TSB with different concentrations of ghse and lactose, at 37 °C and at 44 °C. In
MHB with some concentrations of glucose and lagtas&7 °C and at 44 °C, the growth was
stimulated. The growth control was higher in thesgnce of lactose than in the presence of
glucose, which was expected, due to the origitne$¢ bacteria.
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In vitro biofilm formation ofE. coliis variable and depends on the growth conditions
(REISNER €t al., 2006). Adding glucose to the medium at 37 °C igarsignificant for the
growth than the addition of salts. Glucose providesarbon source for the bacterial growth
and metabolism. AccordingaNGHOLI andJAMALLI (2016) the influence of sugars and other
factors on biofilm formation can depending on tiget of bacteria. Sugars has no effect on
the bacterial growth. The expression ycfR (multigtieess resistance protein BhsA precursor),
which encodes the synthesis of the outer membraoieip, negatively influences biofilm
formation ofE. coli. Removing ycfR reduced the formation of the brafifive times in the
presence of glucose. The protein protects thefimgt the various environmental conditions
(ZHANG et al, 2007).

However, the addition of the certain concentratbiglucose at 44 °C produced very
slight effect on the growth @ouLKARIM et al., 2009).The differences in the production of
biofilms under various environmental and nutritibiwanditions can be explained by the
ability of some microorganisms to respond to exdeoonditions, such as population density,
limited nutrients, osmolarity, pH or composition thie medium. Bacteria in nature live far
away from the optimal growth conditions. Therefdhes cell must have the ability to sense,
integrate, and respond to a variety of stressesuorival PrAaGosITSet al, 2013). Bacteria
can activate genes responsible for the expressisartace proteins that enable the adhesion
and production of EPS (extracellular polymeric sabses), which are directly involved in the
production of biofilms (RANK et al., 2007). It is very important to correctly understan
metabolic regulation in response to stresses fromir@aamental factors including protein
expression, gene expression, and etoMRuU, 2014). According to REMOULET et al. (2002),

E. coli O157:H7 modified the expression of several pratamvolved in biofilm growth
mode.

CONCLUSION

Based on the results, it could be concluded thaB Tis more suitable for the
planktonic growth and biofilm formation of selectdxhcteria. All pH values produced
stimulating effect on formed biofilm. All concenti@ans of salt exerted inhibitory effect on
the biofilm formation ofE. coli KGPMF 17, but demonstrated stimulating effect be t
formed biofilm. All concentration of lactose demtrased stimulating effect on the formed
biofilm. Further studies need to include the inigadion of additional environmental factors
on the growth and biofilm formation &. coliisolated from Sokobanja cheese.
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