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Many types of lactobacilli (LBs) can be used to decrease 
serum lipid levels, and multi-strain LB cultures are ben-
eficial for health.  In the present study, eight probiotics  
including four LBs (L. acidophilus, L. casei, L. paracasei, 
and L. rhamnosus) were selected to test their combined  
ability to decrease the serum lipid levels of male hamsters  
on a high-fat (12%) and high-cholesterol (0.2%) diet.  This  
experiment involved the oral injection of a set ratio of 
probiotics into hamsters that were given high-lipid and 
high-cholesterol diets.  The levels of serum high-density  
lipoprotein cholesterol (HDL-C), low-density lipoprotein  
cholesterol (LDL-C), triglycerols (TGs), and total cholesterol  
(TC) increased in the group given high-cholesterol and  
high-fat diets (110 ± 12, 241 ± 97, 586 ± 218, and 546 ± 303  
mg/dl, respectively) compared with those of the control 
group (51 ± 8, 19 ± 5, 75 ± 15 and 104 ± 42 mg/dl, respec- 
tively).  When treated with various doses of probiotics (200,  
400, and 800 mg/kg), similar to the rosuvastatin-cotreated  
group, the hamsters presented different levels of recovery  
of serum LDL-C, TG, and TC levels in a dose-dependent  
manner.  Therefore, the eight probiotics have the potential  
to decrease serum lipid levels in hamsters.
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Introduction

Probiotics, or simply beneficial bacteria, are popular 
bacteria that are conducive to human health (33).  The  
cholesterol-lowering effect of probiotic bacteria was  
discovered by Mann and Spoerry (19).  They found that  
high consumption of fermented milk reduces serum  
cholesterol levels in Maasai tribesmen in Africa.  Sev-
eral possible reasons for this result were suggested  
(26).  For example, some lactic acid bacterial strains and  

propionic acid bacterial strains can eliminate choles-
terol from their growth media (17, 27, 32).  Bile salt 
hydrolase, which is produced from several strains of  
lactobacilli in vitro, is an enzyme responsible for the  
de-conjugation of bile acids (12, 28).  When the bile salt 
hydrolysis in the terminal ileum increases, the uptake  
of bile salt decreases (30).  Furthermore, the short-chain  
fatty acids produced by bacterial fermentation (e.g., 
propionate) may limit fatty acid and cholesterol syn-
thesis in the liver (26).

Animal studies showed a hypocholesterolemic 
effect after the administration of probiotic bacteria (6, 
8, 38).  However, the results in humans are controver-
sial (26, 34).  Many human studies indicated that the  
daily consumption of fermented milk products de-
creases serum total cholesterol (TC) and low-density 
lipoprotein cholesterol (LDL-C) levels (1, 2, 5-7, 15), 
whereas several other studies did not show any hypo-
cholesterolemic effect of fermented milk products or  
other fermented food products (3, 11, 13, 20, 21).  Spe-
cifically, Lactobacillus rhamnosus LC705 is able to  
assimilate cholesterol in vitro, but a combination of L.
rhamnosus LC705 and Propionibacterium freudenre-
ichii JS did not affect serum lipids in human studies  
(14).  Therefore, further studies are needed on the new  
combinations of probiotics to obtain an effect on se-
rum lipids.

Recently, reports have indicated that a multi-
species probiotic mix culture can potentially generate  
complimentary beneficial effects and surpass the heal-
ing properties of the sum of individuals, particularly in  
terms of improving the balance of gut germs.  Numer-
ous in vitro, animal, and clinical tests have confirmed  
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the presence of this complimentary effect.  An in vitro  
cell test conducted by Collado et al. (9) indicated that  
a multi-germ culture treatment increases the effective- 
ness in preventing bad germ from attaching to the in- 
testinal mucus and the high replacement factor of bad  
germs that have already attached.  Paubert-Braquet et  
al. (25) conducted a 14-day test where mono-species 
probiotic culture and multi-species culture were fed to  
rats infected with salmonella.  They confirmed that  
the survivability of the rats that were given a mixed 
culture is significantly higher (87.5%) than the rats  
fed with a mono-species culture, non-fermented milk,  
or nothing at all (50%, 12.5%, and 0% respectively).   
This result demonstrates the ability of a mixed culture  
to counter salmonella in the intestines of rats.  These 
types of results have also been supported by human  
tests.  Williams et al. (37) used a product of lactoba- 
cillus mixed with bifidobacterium on patients with  
irritable bowel syndrome (IBS) and found that mixed  
culture affirmatively and safely decreases the symp-
toms of IBS on patients.

In this study on multi-species probiotic cultures, 
we investigated the cholesterol-lowering effect of the  
symbiosis between eight probiotics including three  
strains of bifidobacterium and five strains of lactoba- 
cillus.  Food companies regularly add these strains into  
various foods to promote beneficial bodily effects.   
In the test, hamsters were fed with 12% high-fat diet 
containing 0.2% cholesterol.  After eight weeks, their  
blood serum biochemical indexes were determined and  
the combination of probiotics was evaluated for its 
potential as a cholesterol-lowering mixture.

Materials and Methods

Bacterial Strains

This study selected two out of many types of probiot-
ics for the experiment: lactobacilli and bifidobacteria.  
These probiotics have a great capacity for surviving  
in and colonizing the human gut and improving the 
ratio of beneficial human intestinal microflora (22).   
Eight probiotics including three strains of bifidobacte-
rium and five strains of lactobacillus (L. acidophilus,  
B. bifidum, L. casei, B. infantis, B. longum, L. lactis, L.  
paracasei, L. rhamnosus) were chosen.  These bacteria  
were obtained from Tensall Bio-Tech Co. Ltd. (Yilan, 
Taiwan).

Preparation of Probiotics (Fermented Milk)

Fermented milk: skim powder was weighed and dis-
solved in water to constitute 4% skim milk (wt/vol), 
which was then sterilized using an autoclave at a tem- 
perature of 121°C and pressure of 1.2 kg/cm2 for 15  
min and then cooled to room temperature.  The milk was  

inoculated by adding a 1% bacterial solution (vol/vol)  
in a lamina flow cabinet and by incubation at 37°C 
for 18 h.  After adding 0.2% carboxylmethyl cellulose  
as a stabilizer, the fermented milk was homogenized 
by a blender and fed to the experiment hamsters.

Animal Experiment

A total of 56 experiment animals (hamsters) were 
purchased from the National Animal Center and were 
divided into 7 groups (8 hamsters each).  In the pro-
cess of this study, the animals were fed with a 12%  
high-lipid diet including 0.2% cholesterol and given 
different doses of probiotics.  The control group was  
given a normal diet (ND).  All other groups were given  
a high-fat and high-cholesterol diet (HFCD), except 
1 group which was given a high-fat diet (HFD).  In  
addition to the diet, all groups were orally injected 
with liquids proportional to their weight (2 ml/kg)  
at 3 p.m. every day of the experiment.  The ND, HFD,  
and HFCD groups were given oral injections of water.   
The HFCD+R group was given 1 mg/kg of rosurasta-
tin mixed with water.  Three of the groups given with  
HFCDs were respectively given 800 mg/kg (HFCD+ 
P8), 400 mg/kg (HFCD+P4), and 200 mg/kg (HFCD+ 
P2) of probiotics mixed with water.  At the end of 8 
weeks, blood serum samples were obtained from all 
animals at 12 h after the last feeding for serum bio-
chemical index screening.

Serum Lipid Profile Estimation

All biochemical assays were conducted in the clinical  
laboratories of the Kuang Tien General Hospital, Tai- 
chung, Taiwan.  The biochemical parameters were mea- 
sured on a Beckman Coulter Synchron Clinical Systems  
Analyzer (LX20PRO Autoanalyzer, Beckman Coulter  
Inc. Taipei, Taiwan).  To determine the serum lipid pro- 
file, TC, total triglyceride (TG), LDL-C, and high-density  
lipoprotein cholesterol (HDL-C) were measured by 
Hitachi 7170 autoanalyzer (Hitachi, Japan).

Statistical Analysis

The experimental results are expressed as mean ± SD.   
Data were assessed using ANOVA.  Student’s t-test was  
used in the comparison between groups.  A P value less  
than 0.05 was considered statistically different.

Results

Body Weight Gain, Liver Weight Gain, Food Consumption, 
and Clinical Observations of Hamsters

The changes in body weight and food consumption of  
the hamsters influence their growth rate and physiolog-
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ical conditions.  The mean body weight (g) and daily  
food intake (g/hamster) were increased by adequate feed-
ing during the experiment period (Figs. 1 and 2).  All  
hamsters in each group survived for the entire length  
of the study.  However, in the HFCD group, the hamsters  
were visually lethargic at seven or eight weeks.

No differences were observed in body weight 
between 100.1 and 120.3 g (Fig. 1) and in food intake  
between 10.0 and 11.4 g/day (Fig. 2) among the ex-
perimental groups during the eight weeks of the ex-
periment.  At eight weeks, liver images showed that 
all HFCD groups have significantly reduced redness 
compared with the ND and HFD group (Fig. 3).  The 
relative liver weight of the HFCD groups was also 
significantly higher than the other groups (Table 1).

Induction of Hyperlipidaemia with High-Cholesterol Diet

The levels of plasma cholesterol and triglyceride of all  
the groups eight weeks after treatment are reported in  
Table 2.  The levels of serum HDL-C, LDL-C, TC, and  
TG increased in the HFCD group (110 ± 12, 241 ± 97,  
586 ± 218, and 546 ± 303 mg/dl, respectively) compared  

with the ND group (51 ± 8, 19 ± 5, 75 ± 15, and 104 ± 42  
mg/dl, respectively).  Compared with the ND group, 
HFCD caused a marked increase in plasma concen- 
trations of TC and TG by 781% and 525%, respectively.  
Both HDL-C and LDL-C also increased by more  
than 2.2 and 12.1 times, respectively.  No differences  
were observed between the HDL-C level in the HFD  
and HFCD groups, whereas the LDL-C was higher in  
the HFCD group than in the HFD group.  Moreover,  
HFCD caused a marked increase in the plasma con- 
centrations of TC and TG by 386% and 317% compared  
with the HFD group.

Effect of Probiotics and Rosurastatin on Plasma Lipid 
Profile

At eight weeks after the administration of probiotics 
to hamsters fed with fat- and cholesterol-enriched di-
ets, both plasma TC and TG of the HFCD+P8 group  
decreased by 56.5% and 50.2%, respectively, compared  
with HCFD (Table 2); the plasma TC and TG of the 

Table 1. The effect of eight probiotics on the change 
of relative liver weight in hamsters treated 
with high cholesterol diet

Group No Liver Related Weight  
(%, liver weight/body weight)

ND 8 2.691 ± 0.224
HFCD 8 4.122 ± 0.507*
HFD 8 3.295 ± 0.283*, #

HFCD+R 8 3.986 ± 0.314*
HFCD+P8 8 3.812 ± 0.310*
HFCD+P4 8 3.678 ± 0.423*
HFCD+P2 8 4.034 ± 0.420*
*P < 0.05 versus control group; #P < 0.05 versus choles-
terol and high fat-treated group.

ND HFCD HFD

HFCD+R HFCD+P8 HFCD+P4 HFCD+P2

Fig. 3. Liver images of hamsters fed with HFCDs and co-treated  
with different doses of eight probiotics at the end of eight  
weeks.

Fig. 1. Change of body weight in hamsters fed with HFCDs and  
co-treated with different doses of eight probiotics in eight  
weeks.
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Fig. 2. Change of food intake in hamsters fed with HFCDs and 
co-treated with different doses of eight probiotics in eight  
weeks.

15.0

10.0

5.0

0.0
1 2 3 4 5

Weeks after Treatment

F
od

d 
In

ta
ke

 (
g/

da
y)

6 7 8

(n = 8)

HFCD+P8 HFCD+P4

ND HFCD HFD

HFCD+R
HFCD+P2



4 Wang, Chiu, Kao, Ting, Hsu, Cheng, Lee, Hsieh, Liu and Hwang

HFCD+P4 group decreased by 48.5% and 54.7%, re- 
spectively.  Rosuvastatin, which is an HMG-CoA re- 
ductase inhibitor, was used as the reference drug (1 
mg/kg body weight) to compare with probiotics.  The  
hypolipidaemic effect of rosuvastatin in plasma was  
effective in TC and TG levels, which were respectively  
decreased by 45.7% and 71.1% in the HFCD group 
(Table 2).  In HFCD+P8 and HFCD+P4 hamsters, no 
significant differences were observed in the HDL-C 
level in hamsters given with HFCD, but LDL-C de-
creased by 61.4% and 51.4%, respectively, compared 
with HCFD (Table 2).  The reduction induced by ro-
suvastatin in LDL-C was 55.6%.

Discussion

Multi-species probiotics are superior to mono-strain 
probiotics (35).  Probiotics in a multi-species envi-
ronment compete with each other and form their own  
mini-ecosystem.  This phenomenon forces antagonistic  
species to strengthen their defense mechanisms and  
create their own niche within the culture until equi-
librium is reached and the overall effects of antago- 
nistic activity is reduced.  Moreover, within the mini- 
ecosystem, metabolites are exchanged between resident  
species, thus helping enhance their biological activity  
for the benefit of the host.  Our results show that at  
the end of the experiment, the serum TC of the HFCD  
plus probiotics groups, as well as the HFCD plus rosu- 
vastatin group, were 50% lower than that of the HFCD  
group.  However, the mechanism of exchanges between  
probiotics that contribute to the enhanced benefit over  
their individual traits is intrinsically complex to in-
vestigate.

In this study, eight probiotics (three strains of 
bifidobacterium and five strains of lactobacillus) were  
selected and tested.  Six types of bacteria, namely, L.  
acidophilus, L. casei, L. paracasei, L. rhamnosus, B. 
longum, and B. bifidum, have been reported to be ef-
fective in the reduction of cholesterol in animals (8, 

10, 16, 23, 36).  Furthermore, B. infantis and L. lactis 
were chosen to aid the growth of the six bacteria in 
the culture and gut environment.  L. lactis produces  
extracellular polysaccharides (EPS), which may pro-
tect microorganisms against anti-microbial factors  
(18).  EPS can also serve as a bifidogenic growth factor  
for the bifidobacteria (4).  B. infantis exerts immuno-
modulatory effects on intestinal immune cells and the  
maintenance of gut homeostasis (24).  Given their the- 
oretical stability and complimentary properties, these 
eight probiotics were chosen for this study with the 
original intention of improving the cholesterol reduc-
tion effect inside human intestines.  The intention of  
this study is to provide a method of cholesterol intake  
reduction alternative to taking drugs.  The test has suc- 
cessively shown that the effectiveness of the probiotics  
is relatively similar to that of taking drugs such as  
rosuvastatin.  Therefore, probiotics are suitable supple- 
ments for cholesterol reduction because of the lack of  
drug-like side effects.
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