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Objective – To assess the effect of a new feed soy
product fermented by Enterococcus faecium and Lac-
tobacillus jugurti on the serum lipid levels of rabbits with
induced hypercholesterolemia.

Methods – Thirty-two rabbits were divided into 4
groups as follows: 1) control (C); 2) hypercholestero-
lemic (H); 3) hypercholesterolemic + fermented product
(HPF); and 4) control + fermented product (CPF). The H
and HPF groups were fed with a diet with 0.15% (p/p)
cholesterol in the first 15 days. C and CPF groups received
regular food preparation. The HPF and CPF groups recei-
ved 10 mL daily of the fermented 30 days. Blood samples
were drawn at the beginning of the study and at the 15th and
30th days. Concentrations of total cholesterol, HDL-
cholesterol, and triglycerides were analyzed.

Results – After 15 days, the HPF group showed a to-
tal cholesterol concentration lower (18.4%) than that of
the H group (p=0.05), but this difference disappeared
after 30 days. No change was observed in total cholesterol
levels of C and CPF groups. After 15 days, the HDL-
cholesterol was higher (17.8%) in the HPF group, but the
triglyceride levels remained unchanged in all groups
during the same period of time..

Conclusion – The soy fermented product caused an
18.4% reduction in total cholesterol and a 17.8% increase
in the HDL-fraction. It may, therefore, be a possible coad-
jutor in the treatment of hypercholesterolemia.
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Hypercholesterolemia is a significant risk factor in the
development of heart diseases, which are one of the major
causes of death in Western countries.

A report of the Lipid Research Clinics shows that a re-
duction in the serum cholesterol level helps to decrease the
incidence of deaths due to coronary artery disease in popu-
lations with diets rich in lipids 1. Therefore, aiming to deve-
lop a hypocholesterolemic action, several studies have be-
en carried out in the medicamentous area and, more recently,
in the food area.

The so-called functional foods, those that have prophy-
lactic or therapeutical properties, or both, have been widely
researched aiming to provide the population with alternative
ways of prevention and combat of certain diseases2-6.

In regard to the specific reduction in cholesterol, several
studies have been carried out with products fermented by lac-
tic bacteria, which may account for the observed effects7-9.
However, most of these studies were performed with Lacto-
bacillus acidophilus, and much data about other bacteria
that could have similar effects do not exist.

Rossi et al10 carried out an in vitro study about the
ability of Enterococcus faecium, which are microorganisms
widely encountered inside the human bowel, to reduce cho-
lesterol. These authors observed a 53.85% reduction in the
cholesterol added to the culture medium of this bacterium.
This result led the researchers to develop a soy product fer-
mented by the E. faecium with technological and sensorial
properties very similar to those of the conventional fermen-
ted products 11. Its eventual hypocholesterolemic effect,
however, was not demonstrated in vivo.

Therefore, the present study aims to demonstrate in la-
boratory animals (rabbits with hypercholesterolemia indu-
ced by the lipid-rich diet) the effect resulting from the daily
ingestion of the soy product fermented by E. faecium and L.
jugurti on the serum lipid levels (total cholesterol, HDL-
cholesterol, and triglycerides).

Methods

Thirty-two male rabbits of the New Zealand variety
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with 8 weeks of age were used in the study. They were kept
in individual cages in a vivarium with controlled temperature
(23±2°C) and automatic control of light-dark/12 hours.

Before beginning the experiment, the animals went
through a period of flavor conditioning, when they first re-
ceived the sweet solution, then the sweet and acid solution,
and finally the placebo product.

The animals were randomly divided into 4 groups
(n=8) as follows: the hypercholesterolemic group (H); the
hypercholesterolemic + fermented product group (HPF);
the control group (C); and the control + fermented product
group (CPF).

All groups were fed with commercial food preparation
for rabbits (Purina®), and the animals of the H and HPF
groups received in the first 15 days of the study an addition
of 0.15% (p/p) of Sigma C 8503 cholesterol to their food pre-
paration. This cholesterol was diluted in ethyl ether P.A.
and stabilized with 10 ppm of butylated hydroxytoluene-
BHT. The HPF and CPF groups received daily 10mL of the
fermented product (the dose was established in prior trials)
during the 30 days of the study. Ingestion of food preparati-
on was controlled for all groups during the study.

The fermented product was prepared according to the
methodology described by Rossi et al12, except for the repla-
cement of the inoculum for 1.5% (v/v) of the Enterococcus
faecium CRL 183 culture and 1.5% (v/v) of the Lacto-
bacillus jugurti 416 culture.

Quantification of the viable cells in the finished fermen-
ted product, was performed using the specific M 17-agar and
MRS-agar media of culture. The colonies formed were co-
unted and their morphological characteristics were recorded.

Blood samples were drawn from the arteries of the ears
at the beginning of the experiment (basal measurement),
and at the 15th and 30th days.

Measurements of total cholesterol, HDL-cholesterol,
and triglycerides were performed through specific enzy-
matic kits as follows: to determine total cholesterol, the fast-
color cholesterol method was employed 13,14, with reagents
from the Sera Pak-Ames-Analyzer RAXT-Technicon-
Ames; triglycerides were determined through the fast-color
triglyceride method 15, with reagents from the same Sera
Pak-Ames-Analyzer RAXT-Technicon-Ames; to determine
the HDL-cholesterol level, a selective precipitation of lipo-
proteins was first required according to the methodology of
Bergmeyer 16 and then the HDL-cholesterol level was
determined in the skim employing the methodology used for
total cholesterol.

All data obtained underwent the one-way analysis of
variance (ANOVA) and the Tukey test for comparison of the
means.

Statistical analyses were performed using SAS (Statis-
tical Analysis System) 17.

Results

Values of the serum lipids assessed during the study
are shown in table I.

The HPF group showed at the end of the 15th day a
mean level of total cholesterol significantly lower than that
observed in the H group (p=0.05).

When cholesterol was withdrawn from the diet of the
animals in the H and HPF groups in the last 15 days of the ex-
periment, the levels of total cholesterol did not show a sig-
nificant difference between the two groups. In the C and CPF
groups, the total cholesterol levels did not show any sig-
nificant differences at the 15th and 30th days of the experiment.

In regard to the levels of HDL-cholesterol at the 15th

day, the H group showed a mean value lower than that of the
HPF group (p<0.05), however by the 30th day, these groups
showed no difference. The C and CPF groups showed no
differences during all the study in regard to HDL-choles-
terol levels.

The mean values of triglycerides are also shown in
table I. All four groups showed no significant differences in
the triglyceride levels in the basal measurement and at the
15th day of the experiment. Only by the end of the 30th day,
the H group showed a value significantly lower than those
observed in the C and CPF groups (p=0.05), whose values
did not differ between them.

There was no significant difference in the food intake
by the animals of the groups during the first 15 days of the
study, a period in which the animals in the H and HPF
groups ingested food preparation with cholesterol (fig. 1).

The fermented product administered to the animals un-
derwent a counting of viable cells (cocci and bacilli). The re-
sults showed that all lots of the fermented product had cells
of both bacterial genders at the level of 108 ufc/mL (table II).

Discussion

After 15 days, the intake of 0.15% (p/p) of cholesterol
in the diet caused a significant increase of the total choleste-

Table I – Concentration of serum lipids during the period of study

Basal 15 Days 30 Days

Total cholesterol
H 51.0±7.6a 232.8±49.7a 69.0±25.8a

C 40.3±1.6b 35.8±2.1c 36.2±2.5b

CPF 39.8±2.4b 37.2±2.9c 38.3±3.7b

HPF 54.0±1.3a 190.0±44.8b 48.0±6.7a,b

HDL-cholesterol
H 29.0±5.8a 28.0±3.1b 32.2±4.9a

C 26.0±3.1a 20.8±1.5c 22.3±2.1b

CPF 25.0±2.9a 21.8±1.6c 21.0±1.6b

HPF 27.0±2.5a 33.0±3.0a 31.0±5.7a

Triglycerides
H 95.0±15.2a 84.0±27.8a 74.0±13.0b

C 102.8±21.4a 103.3±8.2a 110.0±17.6a

CPF 110.8±22.7a 105.3±11.0a 106.2±7.0a

HPF 128.0±29.3a 109.0±26.3a 92.0±5.1a,b

Mean values expressed in mg/dL (mean ± standard deviation)
H- hypercholesterolemic group; C- control group; CPF- control +
fermented product group; HPF- hypercholesterolemic + fermented
product group. Statistical comparison between groups: values with
different letters differ significantly between themselves (p≤0.05).
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rol in the animals that had not ingested the fermented pro-
duct (H group) as compared with those receiving a daily
dose of 10mL of the fermented product (HPF group). This
shows that the product being studied caused an 18.4% re-
duction in the concentration of total cholesterol. This diffe-
rence disappeared at the 30th day showing that the fermented
soy product did not cause a more rapid decrease in the total
cholesterol level when cholesterol was eliminated from the
diet (the last 15 days of the experiment).

A reduction in total cholesterol observed with the use
of the fermented product was expected because previous
studies 10 performed in vitro showed the ability of the E.
faecium (the bacterium used in the fermentation of the
product studied) to reduce in 54% the cholesterol added to
the adequate culture medium.

The animals in the C and CPF groups, which did not re-
ceive cholesterol in the diet, did not show a significant diffe-
rence in the values of total cholesterol during the entire pe-
riod studied. These results are interesting as they indicate
that a reduction in the total cholesterol level observed in
the HPF group due to the use of the fermented product oc-
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Fig. 1 – Means values and standard deviation of feed consumption.
H - Hypocholesterolemic group; C - Control group; CPF - Control + fermented
product group; HPF - Hypercholesterolemic + fermented product group.

Table II – Number of viable cells in different lots of the fermented
soy product administered to the animals

Lot of Cocci Bacilli Gram
product (ufc/ml) (ufc/ml)  stain

001 13.0 x 108 16.0 x 108 +
002 12.0 x 108 14.0 x 108 +
003 13.0 x 108 17.0 x 108 +

curs in the cholesterol originating from the food. It seems
that the fermented product does not interfere with the syn-
thesis of the endogenous cholesterol. This evidence em-
phasizes the mechanism proposed by Klaver and Meer 18 to
explain the reduction in the cholesterol levels by lactic bac-
teria. According to those authors, this reduction results
from precipitation of the cholesterol inside the bowel with a
consequent decrease in its absorption due to the disconju-
gating activity of the bile salts caused by certain lactic bac-
teria that, through the fermented product, reach the intesti-
nes and remain there.

It is worth emphasizing that the difference in the total
cholesterol levels observed between the H and HPF groups
cannot be attributed to differences in cholesterol ingestion
in the diet because the feed intake in all groups showed no
significant difference between them.

The 17.8% increase in the HDL-fraction observed by
the 15th day in the animals receiving a diet with cholesterol
and the fermented product (HPF group) as compared with
those that received the diet with cholesterol but no fermen-
ted soy product (H group) is one more indication of the be-
neficial effect of the product. The increase in this cholesterol
fraction is one of the factors determining a reduction in the
risk of cardiovascular diseases 19.

Similar results were obtained by Fukushima and Naka-
no 20, who showed that rats fed with a diet rich in cholesterol
had a reduction in the total cholesterol and an increase in
the HDL fraction with a daily intake of a probiotic product
containing several species of Lactobacillus, Streptococ-
cus, and yeast.

In conclusion, the results observed in this study show
that the soy product fermented by E. faecium and L. jugurti
managed to cause an 18.4% reduction in the serum level of
total cholesterol and a 17.8% increase in the level of the HDL-
fraction. Therefore, this fermented soy product may repre-
sent a possible aid in the treatment of hypercholesterolemia.
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