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The aim of this study was to determine the degree of 
adhesion and hydrophobicity of some strains of lactic 
acid bacteria (LAB) with proven antagonistic properties 
against pathogenic bacteria. Studies were performed 
using-LAB strains isolated from the gastrointestinal tract 
of calves and piglets. These strains exhibited an antibac-
terial activity against pathogenic strains of Clostridium 
perfringens and Escherichia coli. Cell adhesiveness was 
examined in relation to the porcine and bovine mucin. 
Our analyses had shown that the tested microorgan-
isms demonstrated a degree of adhesion in the range 
of 32.00–40.00% for strains isolated from calves, and 
34.00–40.00% for strains isolated from pigs. The hydro-
phobicity of tested bacteria was in the range of 31.00%–
44.00% for strains isolated from pigs, and 26.00%–
42.00% for strains obtained from calves. The best mucin 
adhesion ability was found for bacterial strains belong-
ing to the Enterococcus genus isolated from calves. Tak-
ing into account porcine isolates, the best adhesion was 
observed for the Leuconostoc bacterial strains. Among 
tested strains, the highest hydrophobicity, measured in 
relation to hexadecane, was recorded for the bacterial 
strains belonging to the Leuconostoc sp. isolated from 
piglets and a of Lactobacillus sp. bacterial strain isolated 
from calves.
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INTRODUCTION

Probiotics are food products containing living cells 
of microorganisms that provide beneficial effects to the 
health of their consumer (Ouwehand, 2001). The LAB 
strains, the main component of probiotic preparations, 
produce a series of anti-microbial compounds such as or-
ganic acids (acetic acid, lactic acid), bacteriocins, hydrogen 
peroxide, carbon dioxide and others. Whenever a micro-
organism is to be recognized as a probiotic, it must meet 
stringent selection criteria. These criteria include: resistance 
to acids and bile salts, survival during passage through the 
gastrointestinal tract, ability to colonize the intestine, an-
tagonistic properties against pathogenic microorganisms, 
stimulation of the immune system, capability to degrade 
toxic substances and improve absorption of certain nu-
trients, and they have to be accompanied by good tech-
nological properties (Ouwehand, 1999; Ouwehand, 2001). 
Adhesion of a microorganism to the surface of the intes-
tinal mucus and epithelial cells is one of the most import-

ant probiotic characteristics. It influences the antimicrobial 
and immunomodulating effects that depend on temporary 
colonization of the digestive tract by probiotic bacteria 
(Rinkinen et al., 2003). Physical and chemical properties of 
the surface of bacterial cell depend mainly on its hydro-
phobicity (Pan et al., 2006). Microorganisms have devel-
oped on their cell surfaces a range of hydrophobic com-
ponents referred to as adhesins, such as proteins - or, less 
commonly, polysaccharides, teichoic and fatty acids that 
enable them to bind covalently to the surface of the in-
testinal epithelium and mucin. The hydrophobic residues 
contribute to the adhesive reaction between the micro-
organisms and a suitable substrate, e.g. bacterial adhesins 
recognize the carbohydrate residues (mannose, galactose 
and fructose) of glycoproteins and glycolipids on the epi-
thelial surface (Doyle, 2000). The aim of this study was to 
determine the adhesion properties and hydrophobicity of 
selected strains that show antagonistic properties against 
pathogenic strains of Clostridium perfringens and Escherichia 
coli. The study was conducted on strains isolated from the 
skin and mouth cavities of pigs and calves. Adhesiveness 
of the tested strains was measured in relation to commer-
cially available porcine and bovine mucin. A working hy-
pothesis that adhesion properties are positively correlated 
with hydrophobicity of bacterial cells was verified.

MATERIALS AND METHODS

Microorganisms. Research on adhesion properties 
and hydrophobicity was carried out using LAB strains 
from the collection of the Department of Biotechnology 
and Food Microbiology, the Poznań University of Life 
Sciences. These strains were isolated from animals and 
they exhibited an antibacterial activity against pathogen-
ic strains of Clostridium perfringens and Escherichia coli. The 
strains isolated from pigs mainly belonged to the Entero-
coccus sp. genus, whereas those from calves were Lactoba-
cillus spp.

Chemicals and reagents. In the study the following 
reagents were used: PBS and HEPES buffers (Sigma-Al-
derich, Germany), MRS medium (OXOID), N- hexade-
cane (Sigma-Alderich, Germany), mucin from calves and 
pigs (Sigma-Alderich, Germany). Mucins were diluted in 
the HEPES buffer to obtain a final concentration of 0.5 
mg/ml.
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Bacteria preparation. Strains of the examined LAB 
groups were cultured on liquid MRS media and incubat-
ed at 37°C for 24 h. Lactic acid bacteria cultures were 
grown to a density of 0.5° McF (106–108 cfu/ml), as de-
termined with a DEN-1B densitometer (0.00–15.00 Mc-
Farland units by BIOSAN).

Adhesiveness testing. The adhesive capabilities of the 
tested lactic acid bacteria to porcine and bovine mucins 
were assessed on a 96-well plate. For this purpose, a rel-
evant amount of mucin was weighed and dissolved in 
the HEPES buffer under sterile conditions to a final 
mucin concentration of 0.05 mg/ml. The bottom of 
each well was covered with porcine or bovine mucin and 
incubated overnight at 4°C. After this incubation period, 
the mucin solution was removed and wells were washed 
2–3 times with HEPES to remove unbound mucin. 
Bovine mucin which remained attached to the bottom 
of the wells was used for bovine strain analyses, while 
swine mucin was used for porcine strains.

In order to determine the degree of adhesion, quanti-
tative plate cultures were performed. Standardized bacte-
rial suspensions (106–109 CFU/ml, which were prepared 
in 2 ml of liquid PBS buffer) were transferred into wells 
covered with bovine mucin and incubated at 37°C for 
1 h. Next, dilutions were prepared (10-4 to 10-8 of 0.5° 
McF bacterial suspension), transferred into Petri dishes, 
and incubated on solid MRS (2% agar) at 37°C for 72h. 
Reference plate cultures that were not treated with mu-
cin were carried out in-parallel. The degree of adhesion 
was determined by the difference between the counts of 
bacteria remaining after mucin treatment and the refer-
ence cultures. The results are shown as a percentage of 
bacteria attached to the surface of the intestinal mucus.

Hydrophobicity determination. Cultures of bacteria 
were centrifuged (Biofuge primo R centrifuge Heraeus) 
at 4 000 rpm for 10 minutes. After centrifugation, the 
supernatant was removed and the cell pellet was resus-
pended in PBS (pH 7.4). This procedure was repeated 
one more time. Then, the cell suspension was diluted 
with the PBS buffer to an absorbance value of 1.0, when 
measured at 560 nm. Next, 600 µl of n-hexadecane was 
added to each sample, mixed (vortex-type mixer) for 
2 min and incubated at 37°C until phase separation was 
observed (15 to 60 min). Afterwards, the optical densi-
ty of bacterial cells in the collected aqueous phases was 
determined spectrophotometrically at the 560 nm wave-
length.

The percentage of hydrophobicity was calculated from 
the formula:
H%=(A0–A)*100%/A0,

where:
A0 – is the absorbance of lactic acid bacteria cultures 

prior to the addition of n-hexadecane
A – is the absorbance after the addition of n-hexadec-

ane measured at the aqueous phase
Statistical calculations. In order to determine the 

correlation between adhesion properties and cell hydro-
phobicity, statistical analysis was performed. Separate 
analyses were performed for strains isolated from pigs 
and calves.

RESULTS AND DISCUSSION

Adhesion

The ability of bacteria to attach to the mucin matrix 
was studied, which facilitates their adhesion to intestinal 

epithelium. The test consisted of a temporary exposure 
of bacterial cells to the surface of mucin layers prepared 
in 96-well plates. The adhesion value was expressed as 
the percentage of cells attached to mucin in relation to 
the number of cells introduced into the wells.

Adhesion of bacteria isolated from pigs

The tested LAB strains isolated from pigs showed 
small differences (about 5%) between the highest and 
lowest value of adhesion. The highest adhesion ability, 
amounting to 39.37%, was observed for the Leuconostoc 
sp. 1.10 strain. The lowest adhesion of 34.37% was re-
corded for Enterococcus sp. 1.2 strain. Very small differ-
ences in mucin adhesion were observed among the test-
ed strains of Enterococcus spp. and Leuconostoc spp. Differ-
ences between the lowest and the highest value of adhe-
sion among Enterococcus spp. strains ranged from 0.71% 
to 1.66%. The difference between the extreme values for 
Leuconostoc spp. reached 2.51%. The results of the adhe-
sion ability of LAB strains isolated from pigs are shown 
on Fig. 1.s

Adhesion of bacteria isolated from calves

The tested strains of microorganisms isolated from 
calves showed a greater difference between the lowest 
and highest values of adhesion than the strains ob-
tained from pigs. The highest value of adhesion was 
recorded for the Enterococcus sp. 2.12 strain (39.91 %), 
while it was lowest for the Lactobacillus sp. 2.14 strain 
(32.72%). The analysis of adhesion properties of strains 
belonging to the Enterococcus spp. and Lactobacillus spp. 
indicated that among the species of the strains obtained 
from calves, the disparity between results was more 
pronounced than in the case of strains obtained from 
pigs.

Figure 1. Adhesion to porcine mucin of bacteria isolated from 
pigs.

Figure 2. Adhesion ability of bacterial strains isolated from 
calves to bovine mucin.
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The results of adhesion properties of bacteria isolated 
from calves to the bovine mucin are presented in Fig. 2.

Hydrophobicity

This analysis was conducted using the MATH method 
(microbial adhesion to hydrocarbon) based on the trans-
fer of microbial cells into the hexadecane phase. The 
results were expressed as a percentage of the cell popu-
lation which had passed into the hydrophobic phase of 
the solvent.

Hydrophobicity of bacteria isolated from pigs

When analyzing the results, it can be concluded that 
strains 1.2–1.9 and 1.18–1.21 belonging to the Entero-
coccus spp., showed a noticeable difference between the 
highest and lowest value of hydrophobicity. The values 
of this parameter ranged from 40.80% (strain 1.9) to 
31.36% (strain 1.4). The difference was 9.44 percentage 
points. Similar results were obtained for the Leuconostoc 
strains 1.10-1.17, which demonstrated variation of hydro-
phobicity at the level of 10.82 percentage points (Fig. 3).

Hydrophobicity of bacteria isolated from calves

The tested strains isolated from calves had shown a 
much greater variation in hydrophobicity than the strains 
isolated from pigs. Differences in cell hydrophobicity 
of different strains obtained from calves were as high 
as 14.08%. Relatively low hydrophobicity was demon-
strated by the Enterococcus spp. 2.1–2.13 strains, in which 
case values ranged from 34.9% (strain 2.13) to 28.43% 
(strain 2.12). The difference was 6.47 percentage points. 
For strains belonging to the Lactobacillus spp. (2.14–2.19) 
the difference between the highest hydrophobicity val-
ue (41.07%) obtained for strain 2.17 and the lowest 

(26.99%) exhibited by strain 2.15, reached 14.08 percent-
age points (Fig. 4).

A correlation between the adhesion and hydrophobicity 
of tested strains

Statistical calculations indicated that in the case of 
bacteria isolated from pigs, the correlation between hy-
drophobicity of the tested strains and their adhesion to 
porcine mucin was very small. The correlation coeffi-
cient was p=0.00273 at r=0.61 (Fig. 5).

In the case of bacteria isolated from calves, there 
was no correlation between hydrophobicity and adhe-
sion of the tested strains. The correlation coefficient 
was p=0.184471 at r=0.301265. Hydrophobicity and 
adhesion of the tested strains obtained from calves are 
shown on Fig. 6.

According to literature sources, MATH (microbial 
adherence to hydrocarbon) is the most commonly used 
method. It is based on the determination of hydropho-
bicity of a bacterial surface to hexadecane, which serves 
as the hydrocarbon model (Oliveira et al., 2001). Hy-
drophobicity affects physical and chemical properties 
of bacterial cells. Pan and coworkers (2006) also stud-
ied bacterial hydrophobicity using the MATH method 
with hexadecane. They tested 43 strains of bacteria iso-
lated from pigs (21 strains) and calves (22 strains). The 
bacteria were characterized by varying hydrophobicity, 
which ranged from 26.99% to 43.13%. In bacteria iso-
lated from pigs this value was higher than in bacteria 
from calves. Literature data also show large variability in 
hydrophobicity values obtained for different tested mi-
croorganisms. Pan and coworkers (2006) examined hy-
drophobicity of 23 Bifidobacterium strains and observed 
low hydrophobicity values. Only 13.04% of the strains 
reached hydrophobicity above 20%. The highest value 

Figure 3. Hydrophobicity of the bacteria isolated from pigs.

Figure 4. Hydrophobicity of the bacterial cells isolated from 
calves.

Figure 5. Hydrophobicity of the tested strains isolated from pigs 
compared to their adhesion to porcine mucin.

Figure 6. Hydrophobicity of the tested strains isolated from 
calves compared to their adhesion to the bovine mucin.



314           2016 K. Grajek and others

recorded was 37.2%. Giaouris and coworkers (2009) ex-
amined 50 strains of L. lactis. The authors reported very 
high values of hydrophobicity, reaching 48–88%. Strains 
showing hydrophobicity values below 40% were hydro-
philic.

Adhesion to mucin is one of the most important fea-
tures of probiotic bacteria and it depends on the bac-
terial cell composition and structure. Positive effects 
on the host, such as antagonism to pathogenic micro-
organisms or the regulation of the immune system, are 
associated with colonization of the intestinal mucus by 
probiotic bacteria (Ouwehand et al., 1999a; Ouwehand et 
al., 1999b; Pan et al., 2006; Rinkinen et al., 2003). In vitro 
study of bacterial adhesion to mucin is a proven meth-
od of evaluating adhesion capacity of probiotic bacteria 
(Kirjavainen et al., 1998; Rinkinen et al., 2003).

Adhesion assays commonly utilize adhesion of bacte-
ria to the surface of intestinal epithelial cells or intestinal 
mucus produced by these cells and covering them with 
a thin layer (Ouwehand et al., 1999). In the studies con-
ducted here, adhesion to mucus was determined for 43 
LAB strains, of which 21 were obtained from pigs and 
22 strains from calves. Overall, adhesion values obtained 
for the tested strains ranged between 32.72 and 39.91% 
of attached bacteria. In the case of strains obtained from 
pigs, it ranged between 34.37–39.37%, while for bacte-
ria isolated from calves it ranged between 32.72–39.91%, 
respectively. In this study, adhesion values recorded for 
analyzed bacterial strains are comparable with literature 
data. In the study by Ouwehand and coworkers (1999), 
adhesion to human mucin by LAB isolated from individ-
uals of varying age ranged from 2.5% to 42.5%. In other 
studies conducted by these authors, adhesion abilities of 
tested bacterial strains reached a maximum of 19.3%. 
Rinkinen (2003) reported adhesion values in the range of 
33.4–42.1% for L. rhamnosus and 21% for E. faecium in 
a paper concerning LAB adhesion to mucin from vari-
ous sources. Ouwehand and coworkers (2001) studied 
adhesion of lactic acid bacteria (Lactobacillus brevis PELI, 
L. reuteri ING1, L. rhamnosus VTT E-800 and L. rhamno-
sus LC-705) to a glycoprotein obtained from the ileum 
and glycoproteins isolated from human feces. The study 
showed that three strains exhibited adhesion capabil-
ity ranging from 34% to 36.5% to glycoproteins of the 
ileum, while in the case of glycoproteins isolated from 
stool the values were 31.1–37%. The two other strains 
showed adhesion values of 19.3% and 0.79% to intesti-
nal epithelial cells in an in vitro experiment.

Hydrophobic properties of bacterial cells are consid-
ered to be an important factor increasing their adhesion 
to the intestinal surface. They depend on the composi-
tion and structure of the bacterial cell walls, especially on 
the presence of hydrophobic proteins (Pan et al., 2006). 
The study presented here indicates a correlation between 
bacterial adhesion to mucin and cell hydrophobicity in 
strains isolated from pigs (correlation coefficient r=0.61; 
p=0.00273).

This corresponds to the results of Pan and coworkers 
(2006), who found that adhesion (measured using Caco-
2) and hydrophobicity of the tested bacteria of the Bifi-
dobacterium genus are correlated to a certain degree. High 
adhesion values were accompanied by a relatively high 
hydrophobicity of approx 47%. The researchers reported 

the correlation coefficient at r2=0.78. In our study, sta-
tistical analysis indicated no correlation between mucin 
adhesion parameters and hydrophobicity of the tested 
strains isolated from calves. This in turn corresponds 
with the results of Ouwehand and coworkers (1999), 
who observed no correlation between hydrophobic-
ity of the cell surface of tested probiotic bacteria cells 
and their adhesion properties determined using the four 
types of mucin.

CONCLUSIONS

In summary, these experiments revealed that there 
is a high positive correlation between adhesion proper-
ties of lactic acid bacteria tested and their cell surface 
hydrophobicity. All isolated strains of LAB with antag-
onistic activity against pathogenic strains of Escherichia 
coli and Clostridium perfringens had shown an ability to ad-
here to porcine and bovine mucin. The tested microor-
ganisms demonstrated a degree of adhesion in the range 
of 32–40% of cells. The hydrophobicity of the tested 
bacteria ranged from 26% to 42% of cells, depending on 
the origin of the isolated strains.
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