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THE INFLUENCE OF CHOLESTEROL

AND BIOMASS CONCENTRATION ON THE UPTAKE
OF CHOLESTEROL BY LACTOBACILLUS

FROM MRS BROTH

Ma gorzata Ziarno
Warsaw Agricultural University SGGW

Abstract. The aim of this study was the determination of edactors influence (i.e. the
vitality of bacteria cells and the cholesterol camication) on the ability of selectégc-
tobacillus sp. to cholesterol uptake during culture in MRSthrd hreelLactobacillus
strains [b. delbrueckiisubspbulgaricus Lb. acidophilusLb. case€) isolated from com-
mercial single species lyophilized dairy starteltunes and thred.actobacillusstrains
(Lb. plantarum Lb. delbrueckii subsp.bulgaricus Lb. acidophilu$ originated from
commercial pharmaceuticals were used in this sfullg.uptake of cholesterol from MRS
broth during the growth dfactobacillussp., expressed as the difference between the final
and the initial concentrations of cholesterol, ethfrom 0.053 to 0.153 g/dmapart from
the initial cholesterol content and the originlafctobacillussp. The results confirmed
that biomass concentration have a statisticallpiBaant effect on uptake of cholesterol.
The ten-fold increase of the amount of intact cbltsmass caused about 1.5-2-fold in-
crease of the amount of cholesterol removed. Tfieeince of the concentration of bio-
mass of alive cells on the removal of cholesterakwigger than in case of the heat-
sterilized cells.

Key words: cholesterol, dairy starter cultures, cholesteqmake, Lactobacillus lactic
acid bacteria

INTRODUCTION

Several studies on humans have suggested a choldetgering action of dairy
products fermented by lactic acid bacteria. Mamyitro reports deal with cholesterol-
lowering effects of almost all kinds of lactic adidcteria. But still, the role of fer-
mented milk products as hypocholesterolemic agantsumans is equivocal, as the
clinical studies have given variable data. On theeohand, severah vitro studies
proposed a number of mechanisms for the cholesi@naring action of lactic acid
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bacteria. The ability to uptake of cholesteroldahdratory culture media has been shown
for numeroud_actobacillus such ad.b. acidophilus, Lb. delbrueckiiubsp bulgaricus
Lb. casejLb. gasseriLb. amylovorugGilliland et al. 1985, Rasic et al. 1992, Walker
and Gillland 1993, Buck and Gillland 1994, Talai al. 1996, Noh et al. 1997,
Brashears et al. 1998, Grill et al. 2000, Lin aree€ 2000]. It has been suggested that
sources of variation in hypocholesterolemic efimety be due to the different bacterial
strains used in fermentation as well as due todifferences in level of hypocholes-
terolemic compounds in yoghurt [Jaspers et al. 1984

Removal of cholesterol by microorganisms preseribad could reduce the amount
of cholesterol available for human organism. Sdvstadies have indicated that con-
sumption of certain cultured dairy products resulite reduction of serum cholesterol.
This seems to be a proof that probiotic and trewiti strains oLactobacillusgenera
originated from dairy starter cultures or other rees possess ability to cholesterol
uptake. However, not allactobacillusused for human have been studied in this re-
spect. The extension of the range of this study pérmit sensitively to qualify,
whether and when the process of cholesterol ugisileells of lactic acid bacteria hap-
pens. It will permit also to ascertain, which fastdecide about the uptake of choles-
terol by bacteria (i.e. pH, temperature, the \iyadif bacteria cells, the time of culturing,
the secretion of active matters, the cholesterotentration).

The aim of this study was the determination of séawtors influence on the ability
of selected_actobacillussp. to cholesterol uptake during culture in MRStoro

MATERIALS AND METHODS

Bacterial cultures and culture conditions. Three Lactobacillusstrains [b. del-
brueckii subspbulgaricus Lb. acidophilusLb. case) isolated from commercial single
species lyophilized dairy starter cultures anddlu@ctobacillusstrains [b. plantarum
Lb. delbrueckiisubsp.bulgaricus Lb. acidophilu} originated from commercial phar-
maceuticals were used in this study. The culturesewgrown twice in MRS broth
(Merck) in 37°C for 24 h, than were used for study.

Cholesterol solution preparation. Crystalline cholesterol, of chemical purity >
99% (Sigma-Aldrich), was hot dissolved in 99% ettlaand Tween 80, mixed in 3:1
ratio. Cholesterol solution had a concentration@df cholesterol in 1 dinThis solu-
tion was used in experiments. The sterilely meabsprgtion of this solution was added
to MRS broth in such a quantity, to reach the fo@icentration of cholesterol.

Influence of the initial concentration of cholesteol on the ability of Lactobacil-
lus to uptake of cholesterol.The Lactobacillusstrains were cultured in MRS broth
contained the cholesterol at different initial centration ranged from 0.083 g/dro
1.895 g/dm. The experiments were performed at 37°C for 28uth culturing condi-
tions made possible the growth of LAB. The experitaédhave been performed in three-
fold repetition.

Influence of the concentration of biomass of cellsn the ability of Lactobacillus
to uptake of cholesterol.The Lactobacillusstrains were cultured in MRS broth con-
tained the cholesterol at known initial concentmatiThe experiments were performed
at 37°C for 24 h. In case of dead biomasses, tlhewere heat-sterilized (by autoclav-
ing at 121°C/5 min) and three kind of biomass cotedion have been prepared before
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the experiments: 10-fold concentrated (10x), norgha) and 1-time dissolved (0.1x).
The experiments have been performed in three-&petition.

Determination of cholesterol contentCholesterol concentration was assayed with
the enzymatic diagnostic test Cholésterol RTU® [Béoieux). Absorbance was meas-
ured with a spectrophotometer Helios Gamma (TheEiekiron Corporation) at the
wavelength 500 nm. Before cholesterol concentratioiMRS broth was assayed the
content of tubes was centrifuged in ultra-speedrifage (6000 r.p.m., 7 min, 4°C) in
order to separate bacterial cells biomass and rolotear MRS broth supernatant. The
cultures’ ability for cholesterol uptake was cadted as loss of its concentration in
MRS broth supernatant after the end of culture. paecent of cholesterol removed
from MRS broth bylLactobacillussp. has been expressed as the percent of thd initia
concentration of cholesterol.

Number of Lactobacillussp. cells.The number oLactobacillussp. was assayed
with plate method. Inoculated plates were incubatezbnditions optimal fot.actoba-
cillus sp.: MRS Agar (Merck), 37°C for 72 h, anaerobicditons.

Statistical analysis of results.The statistical analysis of results is accomplishe
with the help of STATGRAPHICS Plus 5.1 programmae. @alysis of variance (one-
way or multifactor ANOVA) in order to show the sifjcance of the results has been
performed. Since no P-values are less than 0.0% nbthe factors have a statistically
significant effect on the dependent variable atdh®% confidence level.

RESULTS

Cultures ofLactobacillusexamined in this study showed abilities to remcleles-
terol from culture broth which did not depend oa thitial concentration of cholesterol
(Table 1). This lack of influence of the initialrmzentration of cholesterol on the uptake
of this substance is very interesting. The uptakeholesterol from MRS broth during
the growth ofLactobacillussp., expressed as the difference between the dimdlthe
initial concentrations of cholesterol, ranged frérB53 to 0.153 g/dfn apart from the
initial cholesterol content and the origin ladictobacillussp. (p = 0.2006). The amount
of cholesterol uptake blb. delbrueckiisubsp.bulgaricusisolated from dairy starters
(0.093 +0.0214 g/df did not differ from the amount of cholesterol mrad byLb.
delbrueckiisubsp.bulgaricus originated from pharmaceutical (0.089 +0.0150 gjdm
The amount of cholesterol removed bi. acidophilusisolated from dairy starters
(0.091 +0.0139 g/df) did not differ from the amount of cholesterol ake byLb. aci-
dophilus originated from pharmaceutical (0.095 +0.0165 djdrdnly strain ofLb.
caseiremoved significantly more cholesterol thb. plantarumandLb. delbrueckii
subspbulgaricusisolated from pharmaceuticals (p < 0.05).

The amount of cholesterol removed from MRS brofpressed as the percent of the
initial concentration of cholesterol, depended oitidl cholesterol content (p < 0.05)
but did not depend on the origin loActobacillussp. (p = 0.2293). The highest percent
of cholesterol uptake has been observed in casdR$ broth containing the lowest
initial concentration of cholesterol.

At the same time it was checked if the additiorcloblesterol solution inhibits or
stimulates growth oEactobacillussp. (Fig. 1). The initial log of numbers bactoba-
cillus sp. were 5.20, 6.09, 6.12, 6.33, 6.13 and 6.65 GRUbr cultures oLb. delbrueckii

Technologia Alimentaria 6(2) 2007



32 M. Ziarno

Table 1. The influence of the initial concentratafrthe cholesterol on the degree of its uptake by
choserLactobacillus(the average and standard deviation from threeraxgnts)

Tabela 1. Wp yw poczkowego st enia cholesterolu na stopigego zwi zania przez wybrane
Lactobacillus( rednia i odchylenie standardowe z trzechwdadcze )

Initial concentration Amount of removed cholesterol  Percentage of removed

Laf;toggzigus of the cholesterol l0 Usunitego cholesterolu cholesterol
thunek Pocz tkowe st enie g/dn? Procent usuntego cholesterolu
Lactobacillus Ch‘;'/edsr:?ro'“ average D average sD
rednia rednia
Lb. bulgaricus(m) 0.120 0.085 0.0150 70.6 12.54
0.350 0.090 0.0216 25.7 6.18
0.538 0.085 0.0235 15.9 4.37
1.020 0.105 0.0338 10.3 3.31
1.252 0.100 0.0221 8.0 1.77
1.520 0.093 0.0121 6.1 0.80
Lb. acidophilugm) 0.090 0.074 0.0072 82.6 8.04
0.183 0.095 0.0176 51.9 9.61
0.359 0.079 0.0062 22.0 1.74
0.751 0.106 0.0192 14.1 2.56
1.460 0.106 0.0202 7.2 1.38
1.854 0.085 0.0127 4.6 0.69
Lb. casei(m) 0.118 0.096 0.0071 81.1 6.01
0.456 0.118 0.0312 25.8 6.84
0.803 0.098 0.0118 12.2 1.48
1.201 0.084 0.0079 7.0 0.66
1.759 0.103 0.0282 5.9 1.60
1.895 0.110 0.0150 5.8 0.79
Lb. plantarum(f) 0.083 0.068 0.0046 81.9 5.52
0.330 0.098 0.0090 29.6 2.73
0.510 0.088 0.0089 17.3 1.74
0.810 0.086 0.0067 10.7 0.82
1.143 0.087 0.0300 7.6 2.63
1.797 0.094 0.0180 5.2 1.00
Lb. bulgaricus(f) 0.125 0.089 0.0075 71.2 6.04
0.215 0.091 0.0101 42.2 4.68
0.349 0.078 0.0148 22.4 4.25
0.742 0.088 0.0078 11.8 1.05
1.020 0.086 0.0146 8.4 1.44
1.520 0.100 0.0353 6.6 2.32
Lb. acidophilug(f) 0.154 0.106 0.0154 68.8 10.00
0.271 0.069 0.0160 25.6 5.91
0.442 0.103 0.0250 23.2 5.65
0.649 0.092 0.0104 14.1 1.60
1.097 0.112 0.0206 10.2 1.88
1.655 0.086 0.0116 5.2 0.70

Legend: m — cultures originating from commercial ylaarters, f — cultures originating from commercial
pharmaceuticals, SD — standard deviation.

Legenda: m — kultury pochodze z komercyjnych starterow mleczarskich, f — kylfpochodzce z hand-
lowych preparatéw farmaceutycznych, SD — odchyletaedardowe.
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Fig. 1. Growth ofLactobacillusstrains in MRS broths (the average from three expe
ments): m — cultures originating from commerciakygatarters, f — cultures originating
from commercial pharmaceuticals, darkgrey postsitiai number of lactobacilli, posts
grey and white — final number of lactobacilli aftecubation at 37°C for 24 h

Rys. 1. Wzrost szczep6bactobacillusw bulionach MRS (ednia z trzech daviad-
cze): m — kultury pochodzce z komercyjnych starteréw mleczarskich, f — kyltpo-
chodz ce z handlowych preparatéw farmaceutycznych, s cigkhnoszare — poctkowa
liczba pa eczek mlekowych, s upki jasnoszare iebiako cowa liczba pa eczek po ho-
dowli w temperaturze 37°C przez 24 h

subsp.bulgaricus Lb. acidophilusand Lb. caseioriginated from dairy starterdb.
plantarum Lb. delbrueckiisubspbulgaricus Lb. acidophilussolated from pharmaceu-
ticals, respectively. No statistically significagifferences were observed between the
logarithms ofLactobacillussp. number in cultures containing different levetboles-
terol solution (p = 0.9910, p = 0.9341, p = 0.3786, @.9553, p = 0.6963, p = 0.4853
for cultures ofLb. delbrueckiisubsp.bulgaricus Lb. acidophilusandLb. caseiorigi-
nated from dairy starterg,b. plantarum Lb. delbrueckiisubsp.bulgaricus Lb. aci-
dophilusisolated from pharmaceuticals, respectively).

The influence of the concentration of heat-stegiibiomass on the uptake of cho-
lesterol is presented in the Figure 2. Edr delbrueckiisubsp.bulgaricus Lb. aci-
dophilusandLb. caseisolated from starter cultures, the initial chtdgsl concentration
was 0.350 g/drh 0.810 g/dr and 0.460 g/dfrespectively. Foib. plantarum Lb.
delbrueckiisubsp.bulgaricusandLb. acidophilusoriginated from pharmaceuticals, the
initial cholesterol concentration was 0.245 gldM810 g/dm and 0.460 g/dfhrespec-
tively. The results confirmed that even cells whigére not able to multiply, had ability
to remove cholesterol. Statistical analysis condidrthat biomass concentration and
type ofLactobacillussp. have a statistically significant effect on letaf cholesterol at
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Fig. 2. The influence of the concentration of biesaf dead cells on the
uptake of cholesterol blyactobacillusstrains (the average from three ex-
periments): m — cultures originating from commerciairy starters, f —
cultures originating from commercial pharmaceutcal

Rys. 2. Wp yw st enia biomasy martwych komérek na wanie chole-
sterolu przez szczepyactobacillus( rednia z trzech deviadcze): m —
kultury pochodzce z komercyjnych starteréw mleczarskich, f — kyltu
pochodzce z handlowych preparatéw farmaceutycznych

the 95.0% confidence level (p < 0.05). The more amhof heat-sterilized biomass the
more cholesterol removed. The ten-fold increasa®fmount of biomass caused about
1.5-2-fold increase of the amount of cholesterohoeed. In case of biomass at normal
concentration (1x), the amount of cholesterol rerdobg heat-sterilized cells ranged
from 0.023 +0.0031 g/dito 0.049 +0.0134 g/dinav. 7.4% +1.81). But in case of
biomass 10x, the amount of cholesterol removed dhfigen 0.052 +0.0055 g/dito
0.093 +0.0156 g/din(av. 16.2% +2.78). And in case of the lower biosnesncentra-
tion (0.1x), the amount of cholesterol removed ranffem 0.007 +0.0055 g/dhto
0.022 +0.0019 g/dfn(av. 5.8% +1.32). The type bhctobacillussp. had a statistically
significant effect on uptake of cholesterol (p <5).Qb. delbrueckiisubsp.bulgaricus
originated from dairy startet,b. caseiand Lb. plantarumremoved statistically less
cholesterol than other cultures.

The uptake of cholesterol by alive cells looks ltgtdifferent. The influence of the
concentration of biomass of alive cells on the reahof cholesterol was smaller than in
case of the heat-sterilized cells (Fig. 3). Ebr delbrueckiisubspbulgaricus Lb. aci-
dophilusandLb. caseisolated from starter cultures, the initial chtdgel concentration
was 0.350 g/drh 0.810 g/dr and 0.460 g/dfrespectively. Foib. plantarum Lb.
delbrueckiisubspbulgaricusandLb. acidophilusoriginated from pharmaceuticals, the
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Fig. 3. The influence of the concentration of bissaf alive cells on the
uptake of cholesterol byactobacillusstrains (the average from three ex-
periments): m — cultures originating from commerdairy starters, f —
cultures originating from commercial pharmaceuscal

Rys. 3. Wp yw st enia biomasy ywych komérek na wizanie cholestero-
lu przez szczeplactobacillus( rednia z trzech deviadcze ): m — kultury
pochodzce z komercyjnych starterow mleczarskich, f — kyitpochodz-

ce z handlowych preparatéw farmaceutycznych

initial cholesterol concentration was 0.245 gldh810 g/driand 0.460 g/dfirespec-
tively. The amount of cholesterol removed from MB®th by alive cell, expressed as
the difference between the final and the initiah@entrations of cholesterol, ranged
from 0.079 +0.0126 g/dfrto 0.112 +0.0007 g/dinapart from the origin dfactobacil-
lus sp. (p = 0.5936). The initial biomass concentrafiau a statistically significant
effect on uptake of cholesterol at the 95.0% canfak level (p = 0.0025), but this in-
fluence was weaker than in case of the heat-gtedilcells. The percent of cholesterol
removed from MRS broth, expressed as the percetiteoiitial concentration of cho-
lesterol, depended on the initial biomass concéatrgp = 0.0298) and the type of
culture (p = 0.001). The percent of cholesterol oeed bylLb. delbrueckiisubsp.bul-
garicus originated from dairy starters (29.4% *4.31) didie from the percent of cho-
lesterol removed byb. delbrueckiisubsp.bulgaricusisolated from pharmaceutical
(12.2% £3.85). The percent of cholesterol removed_lbyacidophilusisolated from
dairy starter (13.8% +0.96) also differed from tleegent of cholesterol removed hi.
acidophilusoriginated from pharmaceutical (22.3% +1.29). Tlecpnt of cholesterol
removed byLb. caseiandLb. plantarumwas 20.3% +2.25 and 37.9% +10.41, respec-
tively. The last mentioned value (received kdr. plantarum) gets out of the low the
initial content of cholesterol in MRS broth (0.24KInT) but not of the ability otb.
plantarumused.
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DISCUSSION

Monocultures oLactobacillusstudied in this study, being isolated from dabgrter
cultures and pharmaceuticals, were characterisdddbyability to uptake of cholesterol
during their growth and simultaneous reductiont®tbncentration in culture broth.

The value of the uptake of cholesterol represeintéde Table 1 confirms that way
of the presentation of the results of analysegry important for appropriate interpreta-
tion of the results. It seems tHadctobacillussp. can bind the definite quantity of cho-
lesterol, aside from of this how much it is foundfe growth medium.

The results obtained are difficult to discuss dwe tot of study published concern-
ing the uptake of cholesterol by lactic acid baatér culture broth in presence of bile
salts or bile acids. Manin vitro experiments demonstrated that removal of choleister
from the growth medium results from its precipibatitogether with deconjugated bile
salts and not from its uptake by bacteria [Gilldagt al. 1985, Klaver and Meer 1993,
Walker and Gilliland 1993, Brashears et al. 1998l| €t al. 2000]. Three strains &b.
delbrueckiisubspbulgaricus studied by Rasic et al. [1992] showed high rerhabé-
ity: 0.102 +0.0818 g/dfi 0.123 +0.0507 g/dfand 0.276 +0.0425 g of cholesterol in 1
dm® of MRS broth, respectively. And these values atitle higher that this one re-
ceived in this study. But Rasic et al. used MRStomntaining 10% PPLO (serum) as
a cholesterol source, and bacteria were culturedy® inocula for 18 h incubation at
37°C. Cited Authors observed that strainsLof acidophilusremoved significantly
more cholesterol at 37°C than strainsldf delbrueckiisubsp.bulgaricus with the
exception of one strain dfb. delbrueckiisubsp.bulgaricus In comparison, three
strains ofLb. acidophilusremoved 0.177 +0.0335 g/dn0.222 +0.0557 g/dMm 0.225
+0.0453 g of cholesterol in 1 drof MRS broth.

Also Gilliland and Walker [1989] and Nielsen andlizind [1985] reported the dif-
ferent ability to uptake of cholesterol by varigtgins ofLb. acidophilusandLb. ca-
sei This can lead to observed variations in hypodtel®lemic effect of milk products
fermented by different bacterial strains.

It should be noticed that the ability to uptakecbblesterol by actobacillusin MRS
broth without bile salts addition is very importérgm the point of view of food sciences.
The obtained results suggested that similar chedelstemoval could take place during
food fermentation or cold storage, before thatdér@@treach human intestinal tract.

It has been shown that the addition of cholesteia@s not inhibit or stimulate
growth of Lactobacillussp. (Fig. 1). Previous our study about the growtisedected
lactic acid bacteria in media containing the chigles solution and without it proven
lack of significant influence of this addition tgrthmic of those bacteria growth [Ziarno
et al. 2006, 2007]. The lack of the influence @& toncentrations of cholesterol in MRS
broth on the growth ofactobacillussp. has been shown earlier by us but there is no
other information in literature about study likéstboncernind.actobacillussp.

Kimoto et al. [2002] observed that presence of estelrol stimulated to some extent
growth of cells ofLc. lactis subsp.lactis biovar. diacetylactisN7 strain. Kimoto et al.
used GM17-THIO broth with 0.2% sodium taurocholasea medium for bacteria cul-
ture and bacterial growth was determined by meagutie optical density of bacterial
cells at 620 nm.

It must be noted, that ability of cholesterol remoway be influenced by numerous
factors, such as kind of medium, presence of hiles,sphase of bacterial growth, viabil-
ity and number of bacterial cells. Adhesion of esbérol to the cell surface and active
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incorporation of cholesterol into the cellular meare are the most frequently sug-
gested mechanisms of lactic bacteria activity avledterol level [Hosono and Tonooka
1995, Noh et al. 1997, Brashears et al. 1998]. Hosmd Tonooka [1995] and Usman
and Hosono [1999 a] suggest that the differencegiamtity of removed cholesterol are
caused by chemical and structural properties @figoglycan present in cellular walls
of those bacteria. According to them, this peptigogn possessing various amino acid
compositions in various bacteria is this comporteat makes cholesterol attachment
(assimilation) to cellular walls possible.

The data from manipn vitro studies show that some straindattobacillusare able
to take up cholesterol into their cellular membr§@dliland et al. 1985, Rasic et al.
1992, Noh et al. 1997, Lin and Chen 2000]. Nohlef1®97] demonstrated the ability
of a strain ofLb. acidophilusto incorporate cholesterol from growth broth ictdlular
membranes during growth. Cholesterol removed byacidophilusATCC 43121 was
not metabolically degraded; most of it was recodevéh the cells.

The cell membrane is the primary target for thestarces present in the environ-
ments of the bacteria. Therefore, its physical progs and fluidity need constant regu-
lation in response to this environment. Tarantalef2003] observed that the exposure
of Lb. reuterito cholesterol produces changes in the cellulaa-gtructure. The cul-
tures growth in presence of cholesterol soluti@pldiyed a decrease in glycolipids and
a low ratio of saturated:unsaturated fatty acide €ultures growth in presence of the
mixture of cholesterol and bile salts displayedeardase in phospholipids, glycolipids
and also a double ratio of saturated:unsaturateyldaids. It is possible that cholesterol
or bile salts form hydrogen bonds with the hydregenepting groups present in phos-
pholipids and glycolipids. These hydrogen bonds ldianterfere the binding of choles-
terol or bile salts to the lipid fraction, decregsto a certain extent the effect of choles-
terol or bile salts upon the cells. In additioncase of culture in broth containing cho-
lesterol and bile salts, cholesterol co-precipdatéth the deconjugated bile acids but
20% of the initial cholesterol concentration reneain tightly bound to the
wall/membrane fraction [Taranto et al. 2003]. THere it is difficult to compare results
of experiences obtained in the presence of biles saith these effected without this
presence.

In present study interesting results were obtaineéspect to the concentration and
the bioactivity of biomass of cultures b&ctobacillus The results confirmed that even
when cell are not able to multiply, the uptake loblesterol occurs and depends on the
amount of bacterial cell biomass. But the degre¢hefremoval of cholesterol is the
highest during the growth of bacteria. Aside frofrtte concentration of the biomass,
the alive biomass removed more cholesterol tharbitass of dead cells. In the case
of the biomass 10-fold dissolved than 10-fold covited greater difference was ob-
served. Comparing the binding of cholesterol by bi@masses of alive cells and the
biomasses of the dead cells, the concentratioheoélive cells biomass seems to be less
important than the concentration of the dead dBtimass.

Usman and Hosono [1999b] showed that the cholddterding ability of two
strains ofLb. gasserdecreased with increased storage and was relatbeé number of
viable cells. Brashears and Gilliland [1995] sugegedhat the decrease in viable cells
during storage would result in apparent reducedib@of cholesterol.

Comparing Figure 3 and 4 of this study, it canriferred that the binding of choles-
terol by Lactobacillussp. happens with two ways: by adhesion of cholekter the
surface of dead or alive cells and by incorporatiboholesterol into the cellular mem-
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brane of alive cells. In this study the lowest itpiof cholesterol uptake was observed
for the 10-fold dissolved biomass of the bactefiae cells from the 10-fold dissolved

biomass have a great chance of multiplying as tiaese less the competition and more
of the nutritional components, in proportion tofbld concentrated biomass.

The results of this study are compatible with tesuits obtained by Hosono and
Tonooka [1995]. They suspended 10 mg of lyophilizetls of chosen LAB cells in
1 cn? of cholesterol-ethanol solution (0.100 mg of clstéeol in 1 ml of 60% ethanol)
then the final volume was incubated at 37°C. Tlséirdy confirmed that LAB from
various fermented milk products was able to rencha@esterol. Binding ability toward
cholesterol was observed in all the strains testeth that in these experiments bacteria
had not the possibility to multiply. The higheshding ability was observed immedi-
ately after incubation was started. It could suggest binding of cholesterol with intact
cells of lactic acid bacteria occurs very quickhdadoes not need time. Cited Authors
showed that intact cells could remove cholesterdiféerent temperature of incubation
(between 10°C and 70°C) and after the autoclavihg. results of heat treatment on the
binding activity showed that binding of cholestenals not largely affected by autoclav-
ing. It is suggested that binding of cholesterothte bacterial cells may be a physical
phenomenon and cell wall related. In described itiam3 of experiences the binding
patterns were not different from those obtainedwio heat treated cells. This is con-
forming to results obtained in this study and coniey the binding abilities ofacto-
bacillus sp. cells which have not the possibility to muliigivere killed or incubated at
low temperature).

The observations made in this study are conforrontpe results of the experiment
carried out by Tabuchi et al. [2004]. They inculdai® mg of viable cells or heat steril-
ized cells ofLactobacillusGG in one milliliter of cholesterol solution in &ethanol
(0.100 g/dm) at 37°C for 60 min. The ability to decrease imlelsterolin vitro was not
different between viableb. GG cells and heat-sterilizdd. GG cells. This observation
indicated also that the reaction betwkénGG and cholesterol is due to a direct binding.

The experiments carried out by Tabuchi et al. [26Q4gested that viable cells and
heat-sterilized cells might absorb the cholesterohe fermented dairy products as well
as in the small intestine due to their binding @ttiCited Authors carried oum vivo
experiments with the four-week-old male Wistar r&ats were fed high-cholesterol
diets containing viableb. GG cells or heat-sterilizeldo. GG cells for 14 days. Viable
and heat-sterilizetdb. GG cells significantly decreased serum total ctel®l and liver
cholesterol, more than the rats fed high-cholektiiet alone. The liver cholesterol was
significantly lower in the viable cell group thanat in the heat-sterilized cell group.
These results indicated that the hypocholesteralemiion of viabld_b. GG cells was
higher than that of heat-sterilizéth. GG cells.

The results obtained in the present study showat _#ctobacilluscells have rela-
tively high cholesterol binding abilities and thihe culture conditions are very impor-
tant for this process. If incorporated into or eltad to cells of.actobacillussp. during
growth in the fermented product or in the smalkgtine, cholesterol is likely to be
unavailable for absorption into the human bloode Tesults of this study concerning
the uptake of cholesterol by differebactobacillussp. cultures may be of interest in
selecting desirable strains for the manufacturéaify starter culture or pharmaceutical.
From the present study, it can be concluded lthatobacillusare effective in binding
cholesterolin vitro. It is also possible that even killed cellslafctobacilluscan bind
cholesterol in the intestine, when these bacterihcholesterol are present in diet.
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SUMMARY

1. Lactobacillusisolates originating from commercial dairy starteitures and hu-
man pharmaceuticals are able to remove cholesteml MRS broth even in absent of
bile salts.

2. StudiedLactobacillusisolates showed various abilities to uptake oflesterol
from culture broth, depending on the various fazia. biological activity and concen-
tration of bacterial biomass.

3. There is a significant difference in cholesteuptake ability between dead and
alive cells ofLactobacillusisolates. The alive cells removed more cholesténah
MRS broth than dead cells did.
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WP YW ST ENIA CHOLESTEROLU | BIOMASY
NA USUWANIE CHOLESTEROLU
PRZEZ BAKTERIE RODZAJU LACTOBACILLUS Z BULIONU MRS

StreszczenieCelem pracy by o okréenie wp ywu niektorych czynnikéw (podkowego
st enia cholesterolu iywotno ci komérek bakteryjnych) na zdolnowybranych pa e-
czek mlekowych do usuwania cholesterolu w bulidiRS. W badaniach wyto trzy mo-
nokultury pa eczek mlekowychb. delbrueckiisubsp.bulgaricus Lb. acidophilus Lb.
caseiwyizolowane z jednogatunkowych mleczarskich kuttarterowych oraz trzy mon-
okultury pa eczek mlekowychb. plantarum Lb. delbrueckiisubspbulgaricus Lb. aci-
dophiluspochodzce z handlowych preparatéw farmaceutycznych. Usiengmolesterolu
bulionu MRS podczas rozwoju pa eczek, wynae jako rénica pomidzy ko cowym i
pocz tkowym st eniem cholesterolu w pod v, wynosi a od 0,053 do 0,153 g/§mie-
zale nie do pocztkowego st enia cholesterolu i pochodzenia monokultur pa ecyéy
niki potwierdziy, e st enie biomasy komérkowej statystycznie istotnie wg@yna usu-
ni cie cholesterolu. Dziestiokrotne zwikszenie iloci biomasy martwych komdrek
skutkowa o oko o 1,5-2-krotnym wzrostem ibd usunitego cholesterolu. Wp yw kon-
centracji biomasyywych komérek na usuwanie cholesterolu by kszy ni w wypadku
biomasy komérek zabitych termicznie.

S owa kluczowe: cholesterol, mleczarskie kultury starterowe, usueacholesterolu,
Lactobacillus bakterie fermentacji mlekowej
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