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ABSTRACT

Elevated serum cholesterol in humans is generally a
risk factor correlated with the development of coronary
heart disease. It has been reported that a culture of
Lactobacillus acidophilus actively taking up cholesterol
from a laboratory medium would function in vivo to
exert a hypocholesterolemic effect. In the present study,
seven strains of the genus Lactococcus were examined
for their ability to remove cholesterol from laboratory
media during growth. All strains of lactococci tested
could remove cholesterol from media without degrading
cholesterol. The amount of cholesterol removed was
strain specific. Among them, Le. Lactis subsp. lactis
biovar diacetylactis N7 could remove as much choles-
terol as L. acidophilus ATCC 43121, which had a bene-
ficial influence on serum cholesterol levels in pigs. The
manner of cholesterol removal by strain N7 corres-
ponded to the manner of its growth. The growth of
strain N7 (growth yield and growth efficiency) was en-
hanced. The fatty acid composition of the cells of strain
N7 was altered by removing cholesterol from the media.
The ability to remove cholesterol was also observed in
the heat-killed cells of strain N7. However, the amount
of cholesterol removed by the cells during growth was
significantly higher than that removed by the heat-
killed cells. Thus, strain N7 has the ability to remove
cholesterol from media independently of whether cells
are viable. These results indicate that administration
of strain N7 in vivo may well be promising on the hypo-
cholesterolemic effect.

(Key words: Lactococcus lactis, cholesterol removal,
growth)

INTRODUCTION

In recent years, the probiotic activity of lactic acid
bacteria has been emphasized. Probiotics are live micro-
bial feed supplements which beneficially affect the host
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animal by improving its intestinal microbial balance
(Fuller, 1989). The most widely used probiotic lactic
acid bacteria are lactobacilli and bifidobacteria that can
survive in the intestine. Extensive studies on the bene-
ficial effects on human health of these species have been
reported (Perdigon et al., 1990; Benno et al., 1996).

In contrast, few studies exist on the probiotic activity
of lactococci since they are traditionally not considered
to be natural inhabitants of the human gastrointestinal
tract (Teuber et al., 1992). However, several works
showed the possibility of the presence of lactococci in
the flora of the human or animal gastrointestinal tract
(Gruzza et al., 1992; Grahn et al., 1994; Klijn et al.,
1995). Our previous studies (Kimoto et al., 1999, 2000)
also showed that some lactococci from dairy products
tolerated specific conditions of the gastrointestinal tract
such as low pH and bile. Lactococci are widely used
as starter bacteria in manufacturing cheese and other
fermented dairy products. Thus, establishing the effec-
tive probiotic properties of lactococci could lead to devel-
opment of new probiotic foods.

One of the beneficial health effects related to probiot-
ics is their ability to reduce serum cholesterol (Harrison
and Peat, 1975; Grunewald, 1982). It has been reported
that a culture of Lactobacillus acidophilus actively tak-
ing up cholesterol from laboratory media would func-
tion in vivo to exert a hypocholesterolemic effect (Gilli-
land et al., 1985; Danielson et al., 1989). For example,
L. acidophilus ATCC 43121 can incorporate some of
the cholesterol removed from media into the cellular
membrane during growth (Noh et al., 1997), and it has
beneficially influenced serum cholesterol levels (Gilli-
land et al., 1985; De Rodas et al., 1996). This is because
cholesterol incorporated into or attached to cells of bac-
teria in the intestine is likely to be unavailable for
absorption into the blood. The ability to incorporate
cholesterol into or attach it to cells of bacteria has been
equated with the ability to remove cholesterol from me-
dia. Many reports have been published on cholesterol
removal from laboratory media containing bile and a
cholesterol source in lactobacilli (Buck and Gilliland,
1994; Brashears et al., 1998; Usman and Hosono, 1999).

The present study was carried out to assess the cho-
lesterol-removing ability of lactococci.
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MATERIALS AND METHODS
Strains and Growth Conditions

Lc. Lactis subsp. lactis biovar diacetylactis ATCC
13675 and L. acidophilus ATCC 43121 were from the
American Type Culture Collection (Rockville, MD). The
other strains in Tables 1 and 2 were from laboratory
collections. L. acidophilus ATCC 43121 was used as a
positive control (Noh et al., 1997). The strains were
maintained by subculturing 1% inocula into M17 broth
(Difco Laboratories, Detroit, MI) supplemented with
0.5% glucose (GM17) for lactococci or MRS broth (Difco)
for L. acidophilus and incubating them for 18 h at 30°C
for lactococci or at 37°C for L. acidophilus. The cultures
were stored at 4°C between transfers and were subcul-
tured one time before experimental use.

Analysis of Cholesterol Removal from Media

Freshly prepared GM17-THIO broth (GM17 broth
with 0.2% sodium thioglycollate), MRS-THIO broth
(MRS broth with 0.2% sodium thioglycollate), and GAM
(Nissui, Tokyo, Japan) broth were supplemented with
0.2% sodium taurocholate (as a bile salt). Sodium thio-
glycollate was used as an oxygen scavenger (Gopal et
al., 1996; Brashears et al., 1998; Usman and Hosono,
1999). GAM broth is used for the culture of anaerobic
bacteria and originally contains sodium thioglycollate.
A filter-sterilized cholesterol solution (10 mg/ml in etha-
nol) was added to the broth to a final concentration of
70 pg/ml. The broth was inoculated with 1% of culture
and incubated anaerobically by using GasPak Anaero-
bic System (Becton Dickinson, Cockeysville, MD) for
24 h at 37°C. Although the optimum temperature of
lactococci is 30°C, these experiments were carried out
at 37° to simulate the conditions of the intestine. After
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incubation, cells were removed by centrifugation for 7
min at 5,400 x g and 4°C. The method described by
Rudel and Morris (1973) was used to determine the
amounts of cholesterol in the spent broth and uninocu-
lated broth. Subtracting the amount in the spent broth
from that in the uninocualted broth yielded the amount
removed by the cells.

The cell pellets from centrifugation were resuspended
in distilled water to the original volume of the culture
and were assayed for cholesterol.

Changes in Cells by Removing
Cholesterol during Growth

Effect of cholesterol on growth. Lc. Lactis subsp.
lactis bv. diacetylactis N7, selected as a most effective
strain for removing cholesterol from media, was exam-
ined for further assays. Sterile cholesterol solution (i.e.,
with cholesterol) or ethanol (i.e., without cholesterol)
was added to 50 ml of GM17-THIO broth containing
0.2% sodium taurocholate. The medium was inoculated
at 1% (vol/vol) with a fresh overnight culturing of strain
N7 and incubated anaerobically at 37°C for 24 h. Ali-
quots (5 ml) were taken from the broths every 3 h during
culture for analyses (bacterial growth and the amount
of cholesterol). Bacterial growth was determined by
measuring the absorbance at 620 nm (Aggg,,m) With a
Spectronic 20 spectrophotometer (Bausch & Lomb,
Rochester, NY).

To determine growth efficiency, the molar growth
yield from glucose (Ya was calculated by dry weight (g)
of the cells per mole of glucose consumed (Bauchop and
Elsden, 1960). The 50 ml of GM17-THIO broth, 50 ml
of GM17-THIO broth with 0.2% sodium taurocholate,
and 50 ml of GM17-THIO broth with 0.2% sodium taur-
ocholate plus cholesterol were inoculated at 1% (vol/

Table 1. Cholesterol-removing ability and growth of lactococci.

Cholesterol

Removed Removal Growth?
Culture (ug/ml) (%) (Agoo)
Lactococcus lactis subsp. lactis
527 37.7 53.9 1.08
G50 62.0 88.6 1.53
H48 60.7 86.7 1.74
Lactococcus lactis subsp. lactis
biovar diacetylactis
N7 68.1 97.3 1.56
ATCC 13675 21.7 31.0 0.47
DRC1-F 41.0 58.6 1.42
8W 55.0 78.6 0.31

ICells were incubated for 24 h at 37°C in GM17-THIO broth supplemented with 0.2% sodium taurocholate
and cholesterol (final concentration in broth = 70 pg/ml).

2The growth of each strain was measured after culture as absorbance at 620 nm. All values are the means

of two trials with duplicate.
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Table 2. Cholesterol removal by and growth of lactic acid bacteria in MRS-THIO and GAM broths.

Lactococcus lactis subsp. lactis

biovar diacetylactis N7

Lactobacillus acidophilus
ATCC 43121

Cholesterol Cholesterol

removed! Removal Growth removed! Removal Growth
MRS-THIO 20.6 29.4 1.70 37.0 52.9 1.34
GAM 56.9 81.3 1.14 50.7 72.4 1.40

ICholesterol removed by the culture during a 24-h incubation at 37°C. All values are the means of two

trials with duplicate.

vol) with a fresh overnight culture of strain N7, and
incubated at 37°C for 24 h. For measurements of dry
weight, cells in the cultures were collected by centrifu-
gation (1800 x g, 20 min) at 4°C, washed once with
distilled water, and dried at 105°C for 4 h. Residual
glucose in the supernatant broth was measured enzy-
matically using the Glucose CII test kit Wako (Wako,
Japan).

Cellular fatty acid composition of cells that re-
moved cholesterol from media. GM17-THIO (100 ml)
with 0.2% sodium taurocholate plus ethanol (i.e., with-
out cholesterol) and 0.2% sodium taurocholate plus cho-
lesterol solution (i.e., with cholesterol) were prepared.
The broths were inoculated with overnight culture at
the 1% level and incubated at 37°C. After 24 h, the
cultures were centrifuged at 1800 x g for 20 min at 4°C
and washed twice with distilled water. Free lipids were
extracted from the pellets, and methyl esters were pre-
pared by the method of Smittle et al. (1974). The methyl
esters were separated on a gas chromatograph
equipped with a flame ionization detector (HP5890;
Hewlett-Packard, Avondale, PA). The oven tempera-
ture started at 75°C after a sample injection and was
then increased linearly at 10°C per min up to 180°C,
after which it was increased 2°C/min until the final
temperature of 220°C was reached. The injector and
detector temperatures were 240 and 230°C, respec-
tively. The fatty acid methyl esters were tentatively
identified by comparing their retention times with
known standards and were quantified using gas chro-
matographic equipment.

Effect of Heat Treatment of Cells
on Cholesterol Removal

An overnight culture of strain N7 was inoculated into
10 ml of GM17-THIO broth and incubated at 30°C.
After a 24-h incubation, the cells were harvested by
centrifugation for 15 min at 1800 x g, washed twice
with distilled water, and resuspended in 10 ml of dis-
tilled water. The suspension was divided into two por-
tions. One was autoclaved for 15 min at 121°C for pre-
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paring heat-killed cells, and the other was not (i.e.,
resting cells). The heat-killed cells were suspended in
GM17-THIO broth containing sodium taurocholate
plus cholesterol previously adjusted at pH 6.8. In the
case of the resting cells, they were suspended with 0.05
M phosphate buffer (pH 6.8) containing sodium tauro-
cholate and cholesterol. The conditions of incubation
and centrifugation were the same as described above.
The spent broth was assayed for cholesterol.

Statistical Analysis

For statistical analysis, the standard error of the
mean was calculated, and the means were tested ac-
cording to Student’s ¢-test for significant differences
among the samples. A statistical significance was ac-
cepted at P < 0.05.

RESULTS

Removal of Cholesterol from Broth
by Lactococci during Growth

All lactococcal strains tested could remove cholesterol
from GM17-THIO broth containing sodium taurocho-
late plus cholesterol during growth (Table 1). The
amount of cholesterol removed was strain-specific.
Among the strains tested, Lec. lactis subsp. lactis bv.
diacetylactis N7 achieved the highest cholesterol re-
moval (97%). Cholesterol removed by the lactococcal
strains tested was recovered with the resuspended cells
(data not shown). Thus, cholesterol removed by the
strains tested was not metabolically degraded.

L. acidophilus ATCC 43121 had been shown to bene-
ficially influence serum cholesterol levels (Gilliland et
al., 1985; De Rodas et al., 1996). We used L. acidophilus
ATCC 43121 as a positive control (Noh et al., 1997).
Table 2 shows a comparison of the amount of cholesterol
removed by strain N7 with that by strain ATCC 43121
using two kinds of media. For the comparison, MRS-
THIO and GAM broths but not GM17-THIO broth were
used because L. acidophilus ATCC 43121 could not
grow in GM17-THIO broth. In MRS-THIO broth, the
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amount of cholesterol removed by strain N7 was smaller
than that by strain ATCC 43121. However, in GAM
broth, strain N7 could remove a little more cholesterol
than strain ATCC 43121.

In strains N7 and ATCC 43121, differences in ability
to remove cholesterol were observed between the
growth media used (Tables 1 and 2). As for strain N7,
the amount of cholesterol removed was maximum in
GM17-THIO broth and minimum in MRS-THIO broth
among the growth media used. Tween 80 (sorbitan poly-
oxyethylene monooleate) is included in MRS broth
(0.1%) but not in GM17-THIO and GAM broths. To
investigate the effect of Tween 80 on cholesterol re-
moval, MRS-THIO and GM17-THIO broths with and
without Tween 80 were prepared. In strain N7, the
amount of cholesterol removed from MRS-THIO broth
without Tween 80 was higher (70 ug/ml) than that re-
moved from MRS-THIO broth with Tween 80 (20.4 ug/
ml). On the other hand, strain N7 removed cholesterol
only very slightly when 1% Tween 80 was added to
GM17-THIO broth (6.0 ;zg/ml), although its growth was
good (Agoonm = 2.16). In the case of strain ATCC 43121,
only a very small amount of cholesterol was removed
when 1% Tween 80 was added to GM17-THIO broth
(8.67 pg/ml), although its growth was good (Agaonm =
3.29). In MRS-THIO broth without Tween 80, strain
ATCC 43121 did not grow. This suggested that GAM
broth, which omitted the effect of Tween 80, was ade-
quate for a comparison of the amounts of cholesterol
removed between these two strains.

Changes in Cells by Removing
Cholesterol during Growth

Effect of cholesterol on growth. Figure 1 shows
the growth curve of strain N7 and cholesterol removal
during culture for 24 h. The manner of cholesterol re-
moval by strain N7 corresponded to the manner of its
growth. The rapid cholesterol removal by strain N7
achieved during 12 to 18 h of incubation corresponded
to its exponential growth phase. These data indicate
that cholesterol removal was a result of the growth of
strain N7 in broth containing cholesterol.

In the presence of cholesterol, strain N7 reached a
higher cell density than in its absence (Figure 1). In
fact, the dry weight of the cells growing in the absence
and presence of cholesterol was 219 and 544 mg/L, re-
spectively. The growth rate of strain N7 growing in the
presence of cholesterol was slightly higher than that in
the absence.

Growth efficiency is expressed as molar growth yield
from glucose Ya. Strain N7 was inoculated into GM17-
THIO broth, GM17-THIO broth with sodium taurocho-
late, and GM17-THIO broth with sodium taurocholate
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Figure 1. Cholesterol removal (O) by and growth in GM17-THIO
broth containing sodium taurocholate (M) and sodium taurocholate
plus cholesterol ([0) of Lactococcus lactis subsp. lactis biovar diace-
tylactis N7. Values are means of two independent experiments per-
formed in duplicate.

plus cholesterol. After cultivation for 24 h, Ya was calcu-
lated (Table 3). Ya for strain N7 grown in the presence
of only sodium taurocholate was significantly (P <0.01)
lower than that for the control (i.e., no additions). When
cholesterol was added to the broth containing sodium
taurocholate, (Ya) significantly (P < 0.01) increased.
However, the (Ya) value for cells grown with cholesterol
was not the same as that for the control.

Effect of cholesterol on cellular fatty acid com-
position. The results from gas chromatographic analy-
ses of free lipids extracted from cells of strain N7 grown
with and without cholesterol are presented in Table 4.

Table 3. Effect of cholesterol and sodium taurocholate on molar
growth yield from glucose (Ya) of Lactococcus lactis subsp. lactis
biovar diacetylactis N7T.

Additives for GM17 broth (Yah)
None 17.4 (0.21)
Sodium taurocholate 7.26 (0.50)

12.6 (0.59)**

IStrain N7 was cultured in GM17-THIO broth at 37°C for 24 h.

2Dry weight per mole of glucose consumed. Values are means of four
replications. Figures in parentheses represent SD values. Student’s ¢-
test was carried out on strain N7 with and without cholesterol.

P < 0.01.

Sodium taurocholate plus cholesterol

Journal of Dairy Science Vol. 85, No. 12, 2002
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Table 4. Fatty acid composition of Lactococcus lactis subsp. lactis biovar diacetylactis N7 grown in the

presence and absence of cholesterol.!

Percentage of fatty acid of strain N7 grown

Fatty acid!

Without cholesterol

With cholesterol

14:0 0.3 (0.02)
16:0 22.7 (0.33)
16:1 2.9 (0.10)
18:0 14.4 (0.27)
18:1 23.7 (0.23)
18:2 17.6 (0.10)
A19:0 2.6 (0.12)
Others 15.6 (0.52)

0.4 (0.02)
20.7 (0.34)**
3.0 (0.05)
12.6 (0.42)**
25.3 (0.29)**
19.8 (0.64)**
2.8 (0.10)

15.5 (1.05)

IStrain N7 grew in GM17-THIO broth containing 0.2% sodium taurocholate (without cholesterol) or
containing 0.2% sodium taurocholate plus cholesterol (with cholesterol) at 37°C for 24 h. Values are means
of two trials with triplicate. Figures in parentheses represent SD values. Student’s ¢-test was carried out

on strain N7 with and without cholesterol.

2Fatty acid methyl esters are designated by the number of carbon atoms to the left of the colon and the

number of double bonds to the right.

**Significantly different from without cholesterol. P < 0.01.

There was a difference in the fatty acid distribution
pattern for cells grown with and without cholesterol.
In the presence of cholesterol, the cells contained sig-
nificantly (P <0.01) more octadecenoic and octadecadie-
noic and less hexadecanoic and octadecanoic acids than
the cells grown without cholesterol. Total saturated
(SFA) and unsaturated (UFA) fatty acids from the cells
grown without cholesterol were 37.4 and 46.8%, respec-
tively. In the presence of cholesterol, total SFA and
UFA were 33.7 and 50.9%, respectively.

Effect of Heat Treatment of
Cells on Cholesterol Removal

We determined whether even dead cells of strain N7
could remove cholesterol. The heat-killed cells were sus-
pended in GM17-THIO broth containing sodium tauro-
cholate plus cholesterol adjusted to pH 6.8. After incu-
bation for 24 h at 37°C, cholesterol removal from GM17-
THIO broth by the heat-killed cells was observed (Fig-
ure 2). The amount of cholesterol removed by the heat-
killed cells was the same as that by resting cells (i.e.,
not heat-killed cells). This indicated that the ability to
remove cholesterol from media did not decrease due to
heat treatment. The amount of cholesterol removed by
the cells during growth (i.e., growing cells) was signifi-
cantly (P < 0.05) higher than that removed by heat-
killed and resting cells.

DISCUSSION

A high level of cholesterol in blood is generally consid-
ered to be a risk factor for coronary heart disease. The
effects of ingestion of probiotic bacteria such as L. acido-
philus on serum cholesterol levels have attracted much
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interest in recent years. The effect of L. acidophilus on
serum cholesterol levels is thought to relate to its ability
to take up cholesterol from media during growth (Gilli-
land et al., 1985; Danielson, et al. 1989). While reports

100

Cholesterol removed
(ng/mg dry weight)

Growing cells

Heat-killed cells Resting cells

Figure 2. Cholesterol removal by growing, heat-killed, and resting
cells of Lactococcus lactis subsp. lactis biovar diacetylactis N7. Cell
mass was determined from a standard curve relating optical density
to dry weight to calculate relative amounts of cholesterol removed
(pg/mg dry weight). Cells that removed cholesterol from the media
during growth for 24 h at 37°C were designated as growing cells.
The heat-killed cells of strain N7 were prepared by autoclaving for
15 min at 121°C and were suspended in GM17-THIO broth containing
sodium taurocholate plus cholesterol. Resting cells were suspended
in 0.05 M phosphate solution. These cell suspensions were incubated
at 37°C for 24 h. Values are means * SD of two independent experi-
ments performed in duplicate. ** Significantly different from growing
cells, P < 0.01.
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of the ability of lactobacilli are numerous (Buck and
Gilliland, 1994; Noh et al., 1997; Brashears et al., 1998),
few reports have been published concerning this ability
in lactococci. In the present study, we have shown that
all the strains of lactococci tested had the ability to
remove cholesterol from laboratory media during
growth. Among the strains tested, Lc. lactis subsp.
lactis biovar diacetylactis N7 could remove as much
cholesterol as L. acidophilus ATCC 43121 (Tables 1 and
2). L. acidophilus ATCC 43121 is an isolate from the
intestine of a pig and has been shown to beneficially
influence serum cholesterol levels in pigs (Gilliland et
al., 1985). Administration of strain N7 in humans will
be needed to assess the effect of strain N7 on serum
cholesterol levels.

When strain N7 is administered in vivo, it is exposed
to enzymes in the oral cavity (e.g., lysozyme) and to
the digestive process in the stomach and the intestinal
tract. Our previous in vitro studies showed that strain
N7 had a good chance to survive in the gastrointestinal
tract (Kimoto et al., 2000). Thus, strain N7 is to be
expected for survival in the intestine and removing cho-
lesterol. Furthermore, cholesterol removal from media
at pH 6.8 by heat-killed cells of strain N7 was also
observed (Figure 2). The physiological pH in the intesti-
nal tract of humans is usually neutral to alkaline (Ford-
tran and Locklear, 1966). Thus, administration of
strain N7 in vivo would have the potential to reduce
cholesterol concentration in the intestine indepen-
dently of whether cells are viable.

The mechanism by which lactic acid bacteria remove
cholesterol from laboratory media has been studied. It
has been reported (Klaver and Van der Meer, 1993)
that cholesterol removal by some lactobacilli is only due
to a disruption of the cholesterol micelles caused by the
deconjugation and precipitation of cholesterol with the
free bile salts as the pH of the media dropped by acid
production during growth. We confirmed that strain N7
and other lactococci did not produce cholic acid from
sodium taurocholate (data not shown). This suggested
that cholesterol removal by the lactococci tested was
not related to the precipitation of cholesterol with free
bile salts.

There are two possible mechanisms underlying the
ability of lactococci to remove cholesterol from media.
One is adhesion of the cholesterol to the cell surface.
Hosono and Tono-oka (1995) have reported that lactic
acid bacteria, including lactococci, bind cholesterol to
the cells. In their study, the cholesterol-binding ability
was studied by mixing cholesterol solution in 60% etha-
nol with the lyophilized cells. As a result, they sug-
gested that binding of cholesterol to the cells may be a
physical phenomenon and be related to the cell wall.
The other possible mechanism is an assimilation of cho-
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lesterol by the cells. It was reported that some strains
of L. acidophilus incorporated some of the cholesterol
into the cellular membrane (Noh et al., 1997; Brashears
et al., 1998). In the present study, the mechanism by
which Lec. lactis subsp. lactis biovar diacetylactis N7
removed cholesterol from media during growth is clear
to some extent. Because even the heat-killed cells of
strain N7, which cannot take up cholesterol, could re-
move it from media (Figure 2), it seemed that some
cholesterol had bound to the cells. Figure 2 also shows
that the amount of cholesterol removed by strain N7
during growth (as growing cells) was higher than that
by the heat-killed cells, suggesting that the difference
in the amount of cholesterol removed between the heat-
killed cells and growing cells was due to the uptake of
cholesterol by strain N7. Thus, it seems that strain N7
can remove cholesterol from media both by binding of
cholesterol to dead cells and by the uptake of cholesterol
into living cells during growth. It is likely that the
mechanism of cholesterol removal in strain N7 applies
to that of other lactocococi tested.

So far it has been reported that lactococci could bind
cholesterol in 60% ethanol solution (Hosono and Tono-
oka, 1995). However, the growth of lactococci was not
considered in that study because lactococci cannot grow
in 60% ethanol solution. In the present study, we fo-
cused on cholesterol removal by lactococci during
growth. In strain N7, the manner of cholesterol removal
corresponded to the manner of its growth (Figure 1).
This result indicates that cholesterol removal by strain
N7 was a result of its growth in the broth containing
cholesterol. Furthermore, it is worth noting that the
growth of strain N7 was stimulated by removing choles-
terol from the media, thus enhancing the growth yield
of strain N7 (Figure 1). The growth efficiency of strain
N7 was also enhanced (Table 3). These results indicate
that cholesterol removal, far from being harmful to
strain N7, was actually beneficial to it. Although the
reason is not clear at this moment, it seems that
changes occur in the cells as a result of removing choles-
terol from the media. In fact, there was a difference in
the fatty acid distribution pattern for cells grown with
and without cholesterol (Table 4). The lipids of Gram-
positive bacteria are found predominantly in the mem-
brane, suggesting that cholesterol removed from media
by strain N7 was incorporated into the cellular mem-
brane and may have altered the fatty acid composition
of the cells.

In conclusion, the lactococcal strains tested could re-
move cholesterol from media during growth. Among
them, Lc. lactis subsp. lactis biovar diacetylactis N7
could remove the most cholesterol and could do so inde-
pendently of whether cells are viable. These results
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indicate that strain N7 may be a promising candidate
for strain for use as a probiotic strain.
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