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ABSTRACT

Cholesterol reducing abilities of six strains of Lactobacillus acidophilus including ATCC
4356, B, E, Farr, LA-1 and N-1 wereinvestigated in vitro. All these strains were able to reduce
cholesterol at variouslevelsin the broth system used in this study. Among the strainstested, L.
acidophilus ATCC 4356 demonstrated the best cholesterol reducing ability at 57 and 71% in
the presence of oxgall and cholic acid, respectively, in the broth. Results from the acid toler-
ance and growth in oxgall studies demonstrated that these L. acidophilus strains would likely
survive in the human gastrointestinal tract, where acid and oxgall are present in the stomach
and small intestine. Coprecipitation, which was observed in the presence of cholic acid, of cho-
lesterol with deconjugated bile at acidic pH contributed to the reduction of cholesteral in vitro.
However, coprecipitation is not likely to take placein vivo since the pH in the small intestineis
higher than neutral. Results from this study indicate that the in vivo hypocholesteremic ability
islikely due to the assimilation of cholesterol by L. acidophilus cells or/and attachment of cho-
lesterol to the surface of L. acidophilus cells.
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INTRODUCTION

Information published by the Lipid Research
Clinic Program® indicates that the higher the
total serum cholesterol isin humans, the greater is
the risk for the emergence of coronary heart dis-
ease, a mgjor cause of death. Reduction of serum
cholesterol can lower the incidence of coronary
thrombosis in hypercholesteremic individualst.
Several investigators have suggested that certain
lactic acid bacteria including strains of L. aci-
dophilus are capable of reducing cholesterol (212),

Among lactic acid bacteria, L. acidophilus has

attracted much attention for its potential role in
promoting human health. Therefore, there is
increasing interest in the incorporation of L. aci-
dophilusin fermented dairy products.

The objectives of this study were to quantify
the in vitro cholesterol reducing ability of six
strains of L. acidophilusin broth media containing
cholesterol and bile and to propose possible
hypotheses for cholesterol reduction in vivo with
L. acidophilus.

MATERIALS AND METHODS
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|. Bacterial Srains

Six strains of Lactobacillus acidophilus,
including ATCC 4356, B, E, Farr, LA-1 and N-1,
were obtained from our stock culture collection.
All these strains were grown in MRS broth at
37°C. All strains were serialy transferred at least
three times prior to use in these studies.

I1. Acid Tolerance of L. acidophilus Srains

Acid tolerances were evaluated by growing L.
acidophilus strains in MRS broth adjusted to
acidic pH 3 and 2 by adding HCI. Viable cell
counts were determined by plating on agar plates
following anaerobic incubation (BBL Anaerobic
Systems, Cockeysville, Maryland, USA) at 37°C
for 2 to 3 days.

[11. Growth Studies of L. acidophilus Strains in
Oxgall

Growth studies were performed for L. aci-
dophilus strains in the absence and presence of
0.5% oxgall. Aliguots were removed and optical
density and pH were monitored every hour for 20
hours. Optical density was measured spectropho-
tometrically (absorbance at 600 nm) with a
Spectronic 20 colorimeter (Bausch and Lomb,
Rochester, NY, USA). The pH was measured
using an Orion model 601 digital ionalyzer (Orion
Research Inc., Boston, MA, USA).

IV. Quantitative Assay of Cholesterol

A modification of the broth system utilized by
Gilliland et al.(™ was used for this study. Sterile
MRS broth was supplemented with 2% pleurop-
neumonia-like organism (PPLO) serum fraction
and 0.5% oxgall, cholic acid, or taurocholic acid.
PPL O served as the source of cholesterol. Oxgall,
which is the dehydrated fresh bile, was added to
the mediain order to mimic conditions that would
be encountered in the human gastrointestinal tract.
Cholic acid was added as the source of a deconju-
gated bile and taurocholic acid was added as the
source of a conjugated bile. Aliquots were
removed prior to inoculation to determine the ini-
tial cholesterol content of the media. Strains of L.
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acidophilus were grown in the absence or pres-
ence of 0.5% oxgall in MRS broth containing 2%
PPLO under anaerobic conditions at 37°C.
Following incubation for 24 hours, cells were cen-
trifuged at 6000 xg for 10 min and the residual
cholesterol in the supernatant was determined
using the method described below.

The cholesterol levels were determined by a
modification of the method of Rudel and Morris
(15, Added to 1 mL samples were 3 mL of 95%
ethanol and 2 mL of 50% potassium hydroxide.
The contents of the tubes were mixed after the
addition of each component and then heated for
10 min in a 60°C water bath. After cooling, 5 mL
of hexane was dispensed into each tube and mixed
thoroughly. A sample of 1 mL aliquot of distilled
water was added, mixed, and tubes were alowed
to stand at room temperature to permit phase sep-
aration. A sample of 3 mL aliquot of hexane layer
was transferred to a clean tube and the hexane
evaporated under the flow of nitrogen gas. A 4
mL sample of o-phthalaldehyde reagent was
added to each tube and tubes were allowed to
stand at room temperature for 10 min. Following
the addition of 2 mL of concentrated sulfuric acid
and standing for an additional 10 min, the
absorbance at 550 nm was read against a reagent
blank. Absorbance values were compared to those
obtained with cholesterol standards.

V. Coprecipitation of Cholesterol with Deconjug-
ated Bile in Different Acids

To evaluate the effect of different acids on the
coprecipitation of cholesterol with deconjugated
bile, broth media were adjusted to pH values rang-
ing from 6 to 3-2 by adding lactic acid, acetic
acid, or HCI. As mentioned previously, 2% PPLO
was added as the source of cholesterol and cholic
acid was added as the source of deconjugated bile.
Coprecipitation was observed and the cholesterol
was determined using the method described
above.

VI. Satigtical Analysis

Cholesterol reduction was analyzed using the
ANOVA, analysis of variance of Statistical
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Analysis System(6), The least significant differ-
ence was used to compare means.

RESULTS AND DISCUSSION

In the laboratory, acids and biles are frequent-
ly added to the mediain order to mimic conditions
encountered in human gastrointestinal tract.
Therefore, the acid tolerances of L. acidophilus
strains and growth in oxgall were studied. Acid
tolerances of L. acidophilus strains are illustrated
in Figure 1 (data not shown for strains B, E, Farr
and N-1). Strains B, E, Farr and LA-1 had similar
patterns for acid tolerances (only the curves of
LA-1 shown in Figure 1). Strains 4356 and N-1
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also demonstrated similar acid tolerances (only
the curves of 4356 shown in Figure 1). Although
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Figure 1. Acid tolerances of L. acidophilus

strains.
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Figure 2. The growth and pH changes of L. acidophilus strains in the absence (a) and presence (b) of 0.5%
oxgall in MRS broth containing 2% PPLO. Growth was monitored by determining the optical density (bot-
tom panel), and pH (top panel) of the cultures every hour.
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Figure 3. The effect of different acids on the
coprecipitation of cholesterol with cholic acid.

most strains did not survive at pH 2, all of these
strains tolerated pH 3 well. Therefore, these
strains tolerated acidity well in general. The
growth curves of L. acidophilus strains grown in
the absence and presence of 0.5% oxgall areillus-
trated in Figure 2. Optical density and acid pro-
duction, both used as the indication of bacterial
growth, were monitored every hour for 20 hours.
Growth in oxgall resulted in various levels of
growth inhibition. This was consistently observed
in al strains tested. Results from acid tolerance
and growth in oxgall studies demonstrated that
these L. acidophilus strains would likely survive
in the human gastrointestinal tract, where acid and
oxgall are present in the stomach and small intes-
tine.

Gilliland et al.(1¥) demonstrated that certain
strains of L. acidophilus were able to assimilate
cholesterol only when L. acidophilus cells were
grown in the presence of bile under anaerobic
conditions. In vitro cholesterol reducing abilities
of six L. acidophilus strains used in this study are
shown in Table 1. These strains were grown in
broth containing 2% PPLO as the source of cho-
lesterol and 0.5% bile and cells were incubated
anaerobically. Different bile including oxgall,
cholic acid, or taurocholic acid was added to the
broth. Cholic acid was used as the source of
deconjugated bile and taurocholic acid was added
as the source of conjugated bile. Oxgall is a mix-
ture of conjugated and deconjugated bile. It is

100

Table 1. Cholesterol reduction by strains of L.
acidophilusin the presence of different bile salts

Strain Cholesterol Reduction (%)12
Oxgal Cholic Acid Taurocholic Acid
L. acidophilus

B 49 702 43¢
E 20d 43¢ 12¢
Farr 25d 60?2 11¢
LA-1 34¢ 652 33d
N-1 38¢ 662 21¢
4356 572 712 520

L All media contained 2% PPLO as the source of
cholesterol and 0.5% oxgall, cholic acid, or tau-
rocholic acid. The cholesteral contents of media
ranged from 52 to 57 pg/mL.

2 The percentage of cholesterol reduction was
defined as follows: [1-(residual cholesterol in
24-h culture)/(initial cholesterol content of
medium with 2% PPLO and 0.5% oxgall, cholic
acid, or taurocholic acid)] X 100%. Means with
different superscript letters are significantly dif-
ferent (P < 0.05). Each value represents the
average of triplication.

important to note that biles such as oxgall, cholic
acid, and taurocholic acid contain cholesterol;
therefore, un-inoculated controls were measured
for initial cholesterol content of the media. After
24 hours of growth in the media, 11 to 71% of the
cholesterol was reduced. As listed in Table 1,
maximum levels of cholesterol were reduced
when cholic acid was used as the source of hile.
On the other hand, minimun levels of cholesterol
decreased when taurocholic acic was used as the
source of bile. Coprecipitation of cholesterol with
deconjugated bile at acidic pH was observed in
this study and also in the study of Tahri et al.(7.
However, precipitation was not observed in the
presence of taurocholic acid. Nevertheless, cho-
lesterol reduction was also observed in the pres-
ence of taurocholic acid, which would not copre-
cipitate with cholesterol. This indicates that cho-
lesterol reduction is likely due to the assimilation
by L. acidophilus cells. Another possibility for
cholesteral reduction is due to the attachment of
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cholesteral to the surface of L. acidophilus cells.
The excretion of L. acidophilus cells with choles-
terol in feces can also decrease the cholesterol lev-
elsin vivo.

To evaluate the effect of different acids on the
coprecipitation of cholesterol with deconjugated
bile, broth media were adjusted to acidic pH val-
ues by adding lactic acid, acetic acid or HCI. As
shown in Figure 3, higher absorbance indicated
more coprecipitation. Higher levels of coprecipi-
tation were observed as pH dropped. However, it
was not just the acidity itself causing the copre-
cipitation, as different acids had different effects
on the level of coprecipitation.

Several in vivo studies, including results from
animal and human models, have reported that lac-
tic acid bacteria decreased serum cholesterol(212),
Different hypotheses have been proposed to
explain how the hypocholesteremic effect of lactic
acid bacteria including L. acidophilus is possible.
Results from this study indicate that the in vivo
hypocholesteremic ability is likely due to the
assimilation of cholesterol by L. acidophilus cells
or/and attachment of cholesterol to the surface of
L. acidophilus cells. Coprecipitation of cholesterol
with deconjugated bile, which happens in vitro, is
not likely to take place in vivo since the pH in
small intestine is higher than neutral.

L. acidophilus and other lactic acid bacteria
have been used as probiotics in various products.
This study shows the potential of using L. aci-
dophilus as an adjunct to reduce serum cholesterol
levels. Further in vivo study is necessary to prove
the hypocholesteremic effect of these L. aci-
dophilus strains in humans. Lactic acid bacteria
including L. acidophilus are frequently associated
with probiotic effects in humans(18-20), These
health-promoting effects make L. acidophilus and
other lactic acid bacteria desirable to be incorpo-
rated into dairy products or other functiona foods
designed to meet the demands of today’s health-
conscious public.
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