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ABSTRACT

The main aim of this study was to evaluate the effec-
tiveness of 3 synbiotic diets: 1) containing Lactobacillus
casei ASCC 292 and fructooligosaccharides (LF diet); 2)
containing L. casei ASCC 292 and maltodextrin (LM
diet); and 3) containing L. casei ASCC 292, fructooligo-
saccharide, and maltodextrin (LFM diet) to reduce se-
rum cholesterol in male Wistar rats. The effect of the
synbiotic diets on intestinal microflora, concentration
of organic acids, and the possibility of translocation of
lactobacilli were also investigated. The LFM diet lowered
serum total cholesterol and triglyceride levels, whereas
the LM diet increased serum high-density lipoprotein
cholesterol level. However, synbiotic diets did not con-
tribute to a change in low-density lipoprotein cholesterol
level compared with the control diet. There was a de-
crease in the population of staphylococci, bacteroides,
Escherichia coli, and total coliforms in most bowel re-
gions with the LFM diet compared with the control
(which did not contain any synbiotic). In general, the
LFM diet contributed to a higher concentration of lactic
acid that may have contributed to the decrease in the
population of pathogenic microorganisms compared with
the control. Fructooligosaccharide was the preferred sub-
strate for production of acetic acid. Results from this
study showed that the synbiotic diet that contained L.
casei ASCC 292, fructooligosaccharide, and maltodextrin
beneficially altered cholesterol levels and produced a
healthier bowel microbial population without transloca-
tion of lactobacilli to other organs.
Key words: fructooligosaccharide, maltodextrin, lacto-
bacilli, cholesterol

INTRODUCTION

Epidemiological studies have shown that higher than
normal serum total cholesterol or low-density lipoprotein
(LDL) cholesterol increased the risk of coronary heart
disease (Usman and Hosono, 2000). Lactic acid bacteria,
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especially lactobacilli, are probiotics that are considered
potentially useful in their role to reduce serum choles-
terol. Grunewald (1982) found that rats fed milk fer-
mented with Lactobacillus acidophilus for 4 wk showed
lowered serum cholesterol levels compared with the con-
trol group that was fed only unfermented milk. Several
mechanisms are believed to be involved in the reduction
of serum cholesterol. Our previous studies reported that
lactobacilli are capable of removing cholesterol in vitro
via various mechanisms; namely assimilation, binding
to surface of cells, incorporation into cellular membrane,
and coprecipitation with deconjugated bile (Liong and
Shah, 2005a,b). Probiotic numbers are enhanced by pre-
biotics, which are defined as “nondigestible food ingredi-
ents that beneficially affect the host by selectively stimu-
lating the growth and activity of one or a limited number
of bacterial species already resident in the colon, and
thus improving host health” (Gibson and Roberfroid,
1995). Several classes of resistant starch, fiber, oligosac-
charides, and sugar alcohols are classified as prebiotics.
Fiber sources such as oat bran reportedly lowered
plasma cholesterol in rats through enhancing steroid
excretion that was accelerated by increased production
of propionate (Chen et al., 1984).

The use of both probiotics and prebiotics (known as
synbiotics) as a natural means to counter increased cho-
lesterol levels has generated much interest recently. Us-
ing in vitro experiments, we have previously screened
and developed a synbiotic product comprising a Lactoba-
cillus casei strain and the prebiotics fructooligosacchar-
ide (FOS) and maltodextrin that specifically targeted
removal of cholesterol in laboratory media (Liong and
Shah, 2005c). Further studies are needed to evaluate its
effect in in vivo models. Although reports have cited
positive effects on the use of probiotics, prebiotics, or
synbiotics in reducing serum cholesterol levels, they
have also noted controversial results. Grunewald and
Mitchell (1983) previously reported that milk fermented
by L. acidophilus exerted no hypocholesterolemic effect
on rats, whereas Thompson et al. (1982) reported that
acidophilus milk did not reduce serum cholesterol levels
in humans. Resistant starch showed cholesterol-low-
ering properties in rats but did not affect plasma choles-
terol in humans (Jenkins et al., 1987).
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Probiotic bacteria such as Lactobacillus are generally
regarded as safe (GRAS) for consumption. Until now,
reports of harmful effects of these microbes toward a
host are rare and their safety has not been questioned.
However, there have been reports of probiotic strains
such as L. casei, Lactococcus lactis, and Lactobacillus
plantarum being isolated from bacterial enterocarditis
and Bifidobacterium adolescentis being isolated from
blood stream infections (Gasser, 1994). These incidences
indicate that these bacteria are capable of translocating
from the intestine to other organs. Although it is difficult
to induce such translocation in healthy animals, it could
occur if the gut environment was altered by intestinal
mucosa injury, immunodeficiency in the host, or abnor-
mal intestinal bacterial flora (Ishibashi and Yamazaki,
2001). Although the pH of the stomach may reach as
low as 1.5, the pH of the lower intestine is near neutral
(Liong and Shah, 2005a). High concentrations of organic
acids, arising from rapid fermentation of prebiotics by
probiotics that inhibit the colonization of acid-sensitive
pathogens, could also induce injury to the intestinal mu-
cosa and hence, impair its barrier function (Argenzio
and Meuten, 1991; Remesy et al., 1993). Thus, it is of
utmost importance to ensure that the synbiotics devel-
oped are safe and have no indication of harmful translo-
cation.

Other than exerting cholesterol-lowering effects, lacto-
bacilli and prebiotics are associated with the alteration
of the intestinal flora population and have been used
to suppress growth of pathogens through competitive
inhibition, production of short-chain fatty acids (SCFA),
and antagonistic activity against pathogens (Buddington
et al., 2002; Isolauri et al., 2002). Our previous study
(Liong and Shah, 2005c) reported that L. casei ASCC
292 was not only capable of removing cholesterol in vitro
but also of producing SCFA in the presence of FOS and
maltodextrin. Thus, the aim of this study was to evaluate
the effectiveness of such synbiotics on reducing serum
cholesterol using a rat model. The effect of the synbiotics
on intestinal microflora, concentration of organic acids,
and the capability to translocate was also investigated.

MATERIALS AND METHODS

Source of Culture and Prebiotics

Lactobacillus casei ASCC 292, a human-derived
strain, was obtained from the Australian Starter Culture
Collection Center (ASCC, Werribee, Australia). The
stock culture was stored in 40% (vol/vol) glycerol at
−80°C. The organism was subcultured 3 times before
use in sterile de Man, Rogosa, Sharpe broth using 1%
inoculum and 20 h of incubation at 37°C, and was stored
at 4°C between transfers. Freeze-dried culture in a pow-
der form (approximately 9.0 log10cfu/g) was used in this
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Table 1. Composition of the high-cholesterol diet (SF00-245) that
contained 16% fat, 1% cholesterol, and 0.5% cholate (Specialty Feeds,
Glen Forrest, Australia)

Ingredients, g/kg

Casein 200
Methionine 3
Sucrose 520
Cellulose 51
Canola oil 10
Cocoa butter 150
Calcium carbonate 13.1
Sodium chloride 2.6
Potassium citrate 2.5
Potassium dihydrogen phosphate 6.9
Potassium sulphate 1.6
AIN93G trace minerals 1.4
Choline chloride (65%) 10
Sodium cholate 5
Cholesterol (USP) 10
AIN93G vitamins 10
α-Tocopherol acetate (50% active) 2.6

study. Thus, the cell pellet obtained from the fermenta-
tion broth was suspended in 0.1 M phosphate buffer (pH
6.8) containing 2.0% (wt/vol) of food-grade cryoprotectant
Unipectin RS 150 (Savannah Bio Systems, Balwyn East,
Australia). The mixture was frozen at −20°C before
freeze-drying (Dynavac FD300 freeze-dryer; Airvac En-
gineering Pty. Ltd., Rowville, Australia) at −20°C and
−100 kPa. Two commercially available prebiotics were
used, including FOS (Raftilose P95, Orafti Pty. Ltd.,
Tienen, Belgium) and maltodextrin (Grain Processing
Corp., Muscatine, IA). The FOS used was extracted from
chicory with a purity of 95%; the remaining 5% contained
glucose, fructose, and sucrose. The degree of polymeriza-
tion of oligofructose ranged from 2 to 7, with an average
degree of polymerization of 4. The maltodextrin used
was Maltrin M100, a glucose polymer with dextrose
equivalent ranging from 9 to 12 and an average degree
of polymerization of 11.

Rats and Diets

Conventional male Wistar rats (n = 24; Monash Uni-
versity Animal Services, Clayton, Australia) at 8 wk of
age were used. The rats were housed and bred as ap-
proved by the Animal Ethics Committee of Victoria Uni-
versity (Werribee, Australia). Upon arrival, the animals
were kept on rodent chow for a week. After this washout
period, rats were divided into 4 groups of 6 rats in each
group (n = 6). Rats were kept separately in metal cages
in a room with controlled temperature (20 to 22°C) and
humidity (50 to 55%), and maintained in a cycle of light
for 12 h (0600 to 1800 h) and dark for 12 h (1800 to
0600 h). The composition of the high-cholesterol diet that
contained 16% (wt/wt) fat, 1% (wt/wt) cholesterol, and
0.5% (wt/wt) cholate (SF00-245, Specialty Feeds; Glen
Forrest, Australia) is shown in Table 1. Rodent chow
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Table 2. The composition of control and treatment diets1

Diet1

Ingredients (g/kg) Control LF LM LFM

SF00-2452 750.0 750.0 750.0 750.0
Copha3 50.0 50.0 50.0 50.0
L. casei ASCC 292 — 8.5 8.5 8.5
FOS4 — 24.0 — 24.0
Maltodextrin4 — — 34.0 34.0
Rodent chow5 200.0 167.5 157.5 133.5

1Diets: LF = Lactobacillus casei ASCC 292 and fructooligosacchar-
ides; LM = L. casei ASCC 292 and maltodextrin; and LFM = L. casei
ASCC 292, fructooligosaccharide, and maltodextrin.

2High-cholesterol diet (Specialty Feeds, Glen Forrest, Australia).
3Copha (Unilever Australasia, Epping, Australia); hardened coco-

nut oil 99%, soybean lecithin 1%.
4Fructooligosaccharide (Raftilose P95; Orafti Pty. Ltd., Tienen, Bel-

gium), purity of 95%, average degree of polymerization of 4; Maltodex-
trin (Maltrin M100; Grain Processing Corp., Muscatine, IA), dextrose
equivalent of 9 to 12, average degree of polymerization of 11.

5Rodent chow (Specialty Feeds, Glen Forrest, Australia), total pro-
tein 19.6%, total fat 4.6%, crude fiber 4.8%, trace minerals 2.9%, total
vitamins 0.3%.

was incorporated into the diet to maintain a similar
amount of SF00-245 in all groups that had varying
amount of synbiotics. Solidified coconut oil (Copha, Uni-
lever Australasia, Epping, Australia) was added to aid
the pelleting process of feed production.

Experimental Design

All groups were on diets containing 75% (wt/wt) of the
high-cholesterol diet and 5% (wt/wt) copha (hardened
coconut oil 99%, soybean lecithin 1%). Group 1 was fed
the control diet containing SF00-245, copha, and rodent
chow. Group 2 received a cholesterol-enriched diet plus
L. casei ASCC 292 and FOS (LF); group 3 received a
cholesterol-enriched diet plus L. casei ASCC 292 and
maltodextrin (LM); and group 4 was fed the cholesterol-
enriched diet with L. casei ASCC 292, FOS, and maltode-
xtrin (LFM). The composition of all 4 diets is shown in
Table 2. The composition was in accordance with our
previous in vitro optimization study; inoculum size of
L. acidophilus ATCC 4962, concentrations of FOS, and
maltodextrin were the significant factors for optimum
removal of cholesterol, and was achieved from the ratio
of 1.7:4.8:6.8 (Liong and Shah, 2005c). Rats were allowed
to consume their respective diets and water ad libitum
for 6 wk. Body weight and feed intake were recorded
weekly.

Sampling and Analytical Procedures

At the end of the 6-wk feeding trial, rats were fasted
overnight, and killed by carbon dioxide inhalation. The
cecum was tied off immediately after dissection to avoid
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leakage of cecal contents into the colon due to relaxed
gut muscle upon death. Blood samples were collected
immediately in sterile tubes by heart puncture, and left
to stand for 30 min at room temperature (∼20°C) to coag-
ulate before being centrifuged for 20 min at 2,714 × g
(Sorvall RT7, Newtown, MA). The serum samples were
analyzed for total, high-density lipoprotein (HDL), and
LDL cholesterol, and triglycerides using commercial and
reagent kits (Thermo Electron Corp., Melbourne, Aus-
tralia).

Fecal samples were collected weekly in separate ster-
ile tubes for microbial and organic acids analyses. Sam-
ples for microbial analyses were placed into anaerobic
jars (Becton Dickinson Microbiology Systems, Sparks,
MD) with gas-generating kits (Oxoid Ltd., Hampshire,
UK) and analyses were carried out within 1 hr of collec-
tion. Each sample was homogenized with a stomacher
(John Morris Scientific Pty. Ltd., Melbourne, Australia)
using sterile peptone and water diluents. Subsequent
10-fold serial dilutions of each sample were plated in
triplicate. All enumeration media were obtained from
Amyl Media Pty. Ltd. (Dandenong, Australia). Nutrient
agar was used for total aerobes, whereas Wilkins-Chal-
gren agar was used for total anaerobes (McBain et al.,
2003). Eosin methylene blue agar was used for E. coli
(Swanson et al., 2002), esculin bile salt agar for bacteroi-
des (Tannock et al., 2000), tryptose sulfite cycloserine
agar for clostridia (Wise and Siragusa, 2005), mannitol
salt agar for staphylococci (Knowles et al., 2005), violet
red bile agar for coliform (Cotton and White, 1992), and
de Man, Rogosa, Sharpe agar (Merck KGaA, Darmstadt,
Germany) for total lactobacilli (Swanson et al., 2002).
Plates of total anaerobes, bacteroides, clostridia, and
lactobacilli were incubated anaerobically at 37°C for 48
h in anaerobic jars with gas-generating kits. Plates for
the enumeration of total aerobes, E. coli, staphylococci,
and coliforms were incubated at 37°C for 48 h in con-
trolled aerobic incubators (New Brunswick Scientific,
Edison, NJ).

Upon dissection, the contents of colon and cecum were
collected, stored anaerobically, and analyzed for micro-
bial analyses in a similar manner as fecal samples. The
spleen, liver, and kidneys were removed, blotted on a
filter paper, and immediately kept in separate sterile
tubes. All spleens, livers, and kidneys were analyzed for
the presence of lactobacilli to ascertain translocation.

All collected fecal, cecal, and colon samples were stored
at −40°C until analyzed for organic acid contents. The
concentration of organic acids was determined using
HPLC (Varian Australia Pty. Ltd., Mulgrave, Australia).
Samples were prepared for HPLC analysis as described
previously (Dubey and Mistry, 1996). Acetic, propionic,
butyric, formic, and lactic acids were identified using
respective standards, and their concentrations deter-
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Table 3. Body weight gain, feed intake, and feed efficiency of rats fed control and synbiotic diets1

Treatment2

Component Control LF LM LFM

BW gain (g/rat per wk) 34.001 ± 2.404ab 33.692 ± 1.013ab 39.244 ± 2.188a 30.701 ± 3.127b

Feed intake (g/wk) 140.532 ± 4.011a 136.785 ± 4.081a 148.064 ± 4.071a 131.066 ± 4.071a

BW:feed intake 0.245 ± 0.041a 0.254 ± 0.051a 0.272 ± 0.050a 0.239 ± 0.014a

a,bMeans in the same row followed by different lowercase letters are significantly different (P < 0.05).
1Results are expressed as mean ± standard error of means, n = 6.
2Treatments: Control = no L. casei ASCC 292, fructooligosaccharide (FOS), or maltodextrin; LF = 0.9%

(wt/wt) L. casei ASCC 292 and 2.5% (wt/wt) FOS; LM = 0.9% (wt/wt) L. casei ASCC 292 and 3.3% (wt/wt)
maltodextrin; LFM = 0.9% (wt/wt) L. casei ASCC 292, 2.5% (wt/wt) FOS, and 3.3% (wt/wt) maltodextrin.

mined. The HPLC system was equipped with a UV/Vis
detector (Varian, Walnut Creek, CA) set at 220 nm. An
Aminex HPX-87H column (BioRad Laboratories, Rich-
mond, VA) was maintained at 65°C and the degassed
mobile phase (0.009 M H2SO4) was used at a flow rate
of 0.6 mL/min.

The moisture in feces and cecal and colon contents
was determined as the difference between the wet mass
and the dry mass of the samples after drying at 80°C
(Memmert GmbH Ltd., Schwabach, Germany) until a
constant weight was achieved. The pH of the samples
was measured with a pH meter (Hanna Instruments
Pty. Ltd., Kallang Way, Singapore).

Statistical Analyses

The data analysis was carried out with SPSS Inc.
software (version 10.0). One-way ANOVA was used to
study a significant difference between means of the di-
etary groups at a given intestinal site and sampling sites
within the same dietary group, with a significance level
of P < 0.05. Tukey’s-test was used to perform multiple
comparisons between means. All data are presented as
mean ± standard error of means; n = 6.

RESULTS

Weight and Feed Intake

All rats were generally healthy throughout the feeding
trial period. Despite differences in weight gain between
rats on diet LM and those on diet LFM, the feed intake
and the ratio of body weight to feed intake showed no
significant difference (P > 0.05) between synbiotic treat-
ment groups and the control (Table 3).

pH and Moisture Content of Fecal, Cecal,
and Colon Contents

All groups showed a gradient increase in pH values
from cecal content to fecal samples (Table 4). The pH of
cecal and colon content was not significantly different
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(P > 0.05) among all treatment groups and control. How-
ever, the pH of the fecal samples of rats fed diet LM was
lower compared with that with the control diet.

All rats showed a significant difference (P < 0.05) in
moisture content from cecal to fecal samples (Table 5).
Rats fed the LM and LFM diets had higher moisture
content in the fecal samples compared with those on the
control diet.

Translocation of Lactobacilli

Samples from spleen, liver, and kidney of each rat on
the control, LF, LM, and LFM diets were plated for the
presence of total lactobacilli. No growth of lactobacilli
was detected from the samples indicating the absence
of translocation (data not shown).

Lipid Profiles

Serum total cholesterol, triglycerides, HDL, and LDL
cholesterol levels of rats fed the control, LF, LM, and
LFM diets are shown in Figure 1. Rats fed the LFM diet
had significantly (P < 0.05) lower total cholesterol and
triglyceride levels compared with the control, whereas
rats fed the LF or LM diets did not show any difference.
The HDL cholesterol level increased in serum of rats
that were fed the LM diet compared with the control
diet. However, diets containing FOS and a mixture of
both FOS and maltodextrin did not increase the serum
HDL cholesterol level. Although rats fed the LF and
LFM diets showed lower serum LDL cholesterol level,
all synbiotic diets had similar effects on LDL cholesterol
level compared with the control diet.

Microbial Populations

Total aerobes ranged from 7.156 to 9.929 cfu log10/g
of dry weight of cecal, colonic, and fecal samples of rats
across all treatment diets (Table 6). A gradient decrease
in total aerobes was observed from cecal to fecal samples,
with fecal samples from all diets showing lower total
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Table 4. pH values of contents obtained from the cecum, colon, and feces of rats fed control and synbiotic
diets1

Treatment2

Sample Control LF LM LFM

Cecum 6.43 ± 0.06b,A 6.28 ± 0.05b,A 6.49 ± 0.06a,A 6.36 ± 0.04b,A

Colon 6.79 ± 0.04b,A 6.37 ± 0.18b,A 6.51 ± 0.02a,A 6.64 ± 0.04b,A

Feces 7.80 ± 0.08a,A 8.13 ± 0.13a,A 7.04 ± 0.02a,B 7.79 ± 0.01a,A

a,bMeans in the same column followed by different lowercase letters are significantly different (P < 0.05).
A,BMeans in the same row followed by different uppercase letters are significantly different (P < 0.05).
1Results are expressed as mean ± standard error of means, n = 6.
2Treatments: Control = no L. casei ASCC 292, fructooligosaccharide (FOS), or maltodextrin; LF = 0.9%

(wt/wt) L. casei ASCC 292 and 2.5% (wt/wt) FOS; LM = 0.9% (wt/wt) L. casei ASCC 292 and 3.3% (wt/wt)
maltodextrin; LFM = 0.9% (wt/wt) L. casei ASCC 292, 2.5% (wt/wt) FOS, and 3.3% (wt/wt) maltodextrin.

aerobe counts compared with the samples from other
intestinal sites. Rats supplemented with the LFM diet
showed a lower concentration of total aerobes in the
colonic samples compared with the control rats. Staphy-
lococci averaged from 6.184 to 9.149 cfu log10/g of dry
weight of all samples. The LF and LM diets showed a
significant decrease in staphylococci after the colon and
cecal regions, respectively, whereas the control showed
similar staphylococci counts along the intestinal gradi-
ents. Rats supplemented with the LFM diet showed a
lower concentration of staphylococci in the colonic and
fecal samples compared with the control. A gradient de-
crease of E. coli was also observed from cecal samples
to fecal samples across all diets. Rats supplemented with
the LF diet showed lower counts of E. coli in the fecal
samples compared with the control rats, whereas the
LFM diet lowered total count of E. coli in the cecal and
colon regions. Total coliforms ranged from 6.757 to 9.215
cfu log10/g of dry weight of all samples studied. Fecal
samples of all diets showed a lower concentration of
coliforms compared with other intestinal sites. Total coli-
forms were reduced from the upper intestinal sites of
rats supplemented with the LFM diet compared with
those fed the control diet.

The concentration of total anaerobes of rats fed the
control, LF, LM, and LFM diets is shown in Table 7.

Table 5. Moisture content (%) of cecal, colon, and fecal content of rats fed control and synbiotic diets1

Treatment2

Sample Control LF LM LFM

Cecum 77.574 ± 1.632a,A 87.836 ± 2.144a,A 82.184 ± 3.570a,A 88.256 ± 4.054a,A

Colon 58.053 ± 5.044b,B 71.554 ± 0.543a,A 72.804 ± 3.971a,A 69.577 ± 8.757a,A

Feces 18.427 ± 1.522c,B 24.458 ± 3.947b,B 35.198 ± 3.270b,A 35.186 ± 4.478b,A

a,bMeans in the same column followed by different lowercase letters are significantly different (P < 0.05).
A,BMeans in the same row followed by different uppercase letters are significantly different (P < 0.05).
1Results are expressed as mean ± standard error of means, n = 6.
2Treatments: Control = no L. casei ASCC 292, fructooligosaccharide (FOS), or maltodextrin; LF = 0.9%

(wt/wt) L. casei ASCC 292 and 2.5% (wt/wt) FOS; LM = 0.9% (wt/wt) L. casei ASCC 292 and 3.3% (wt/wt)
maltodextrin; LFM = 0.9% (wt/wt) L. casei ASCC 292, 2.5% (wt/wt) FOS, and 3.3% (wt/wt) maltodextrin.
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Only rats supplemented with the LF and LFM diets
showed a significant decrease in total anaerobes after
the colonic region, whereas the control rats had similar
total anaerobic counts across all intestinal sites. Concen-
trations of clostridia averaged from 3.618 to 5.101 cfu
log10/g of dry weight across all samples studied. Most
diets showed a consistent population of clostridia along
all intestinal sites. However, the LFM diet produced a
lower concentration of clostridia in the cecum and colonic
regions compared with the control. All diets showed de-
creasing counts of bacteroides along the intestinal gradi-
ents. The LFM diet contributed to a decrease of bacteroi-
des after the cecal region whereas the control diet only
reduced the concentration of bacteroides in the lower
colonic regions. Most of the synbiotic diets reduced the
concentration of bacteroides in all intestinal gradients
studied compared with the control. Rats fed with LF
and LFM diets maintained a consistent concentration
of lactobacilli across all intestinal sites studied, whereas
the control diet showed a gradient decrease after the
colonic region. Rats fed the LF diet also showed a higher
concentration of lactobacilli in the fecal samples com-
pared with the control, whereas the LM diet contributed
to a higher count of lactobacilli in most of the intestinal
samples compared with the control.
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Figure 1. Total cholesterol, triglycerides, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol levels of rats fed
1 of 4 diets: Control = no L. casei ASCC 292, fructooligosaccharide (FOS), or maltodextrin; LF = 0.85% (wt/wt) L. casei ASCC 292 and 2.40%
(wt/wt) FOS; LM = 0.85% (wt/wt) L. casei ASCC 292 and 3.40% (wt/wt) maltodextrin; LFM = 0.85% (wt/wt) L. casei ASCC 292, 2.40% (wt/
wt) FOS, and 3.40% (wt/wt) maltodextrin. Results are expressed as mean ± standard error of means, n = 6. a,bMeans within the same series
followed by different lowercase letters are significantly different (P < 0.05).

Table 6. Population of total aerobes, staphylococci, Escherichia coli, and total coliforms from cecal, colon,
and fecal contents of rats fed control and synbiotic diets1

Treatment2

Control LF LM LFM

(cfu/g of dry sample)
Total aerobes
Cecum 9.393 ± 0.047a,A 9.929 ± 0.014a,A 9.225 ± 0.068a,A 9.229 ± 0.083a,A

Colon 9.413 ± 0.032a,A 9.763 ± 0.094a,A 9.032 ± 0.011ab,AB 8.548 ± 0.063a,B

Feces 7.672 ± 0.060b,AB 7.841 ± 0.054b,AB 8.383 ± 0.056b,A 7.156 ± 0.053b,B

Staphylococci
Cecum 7.502 ± 0.031a,B 8.860 ± 0.045a,A 9.149 ± 0.089a,A 6.747 ± 0.015a,B

Colon 7.580 ± 0.037a,B 8.484 ± 0.074a,A 7.038 ± 0.058b,BC 6.581 ± 0.054a,C

Feces 7.280 ± 0.027a,A 7.658 ± 0.180b,A 6.184 ± 0.045c,B 6.257 ± 0.064a,B

Escherichia coli
Cecum 9.010 ± 0.047a,A 8.448 ± 0.064a,AB 8.540 ± 0.021a,AB 7.948 ± 0.013a,B

Colon 9.027 ± 0.062a,A 8.385 ± 0.047ab,AB 8.330 ± 0.034ab,AB 7.721 ± 0.086ab,B

Feces 7.415 ± 0.062b,A 6.709 ± 0.043b,B 7.688 ± 0.082b,A 7.182 ± 0.045b,AB

Coliforms
Cecum 9.057 ± 0.113a,A 9.215 ± 0.017a,A 8.946 ± 0.015a,A 8.054 ± 0.111a,B

Colon 9.050 ± 0.108a,A 8.989 ± 0.086a,A 8.688 ± 0.071a,A 7.812 ± 0.034a,B

Feces 7.431 ± 0.033b,AB 6.757 ± 0.085b,B 7.641 ± 0.054b,A 6.875 ± 0.053b,B

a–cMeans in the same column followed by different lowercase letters are significantly different (P < 0.05).
A–CMeans in the same row followed by different uppercase letters are significantly different (P < 0.05).
1Results are expressed as mean ± standard error of means, n = 6.
2Treatments: Control = no L. casei ASCC 292, fructooligosaccharide (FOS), or maltodextrin; LF = 0.9%

(wt/wt) L. casei ASCC 292 and 2.5% (wt/wt) FOS; LM = 0.9% (wt/wt) L. casei ASCC 292 and 3.3% (wt/wt)
maltodextrin; LFM = 0.9% (wt/wt) L. casei ASCC 292, 2.5% (wt/wt) FOS, and 3.3% (wt/wt) maltodextrin.
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Table 7. Population of total anaerobes, clostridia, bacteroides, and lactobacilli from cecal, colon and fecal
contents of rats fed control and synbiotic diets1

Treatment2

Control LF LM LFM

(cfu/g of dry sample)
Total anaerobes
Cecum 9.102 ± 0.074a,A 9.111 ± 0.071a,A 8.805 ± 0.138a,A 9.102 ± 0.072a,A

Colon 8.867 ± 0.027a,A 8.828 ± 0.075ab,A 8.338 ± 0.031a,A 8.302 ± 0.085ab,A

Feces 8.725 ± 0.050a,A 8.232 ± 0.021b,AB 8.361 ± 0.071a,AB 7.988 ± 0.264b,B

Clostridia
Cecum 5.101 ± 0.115a,A 4.402 ± 0.111a,AB 4.530 ± 0.107a,AB 4.055 ± 0.288a,B

Colon 4.540 ± 0.022ab,A 3.921 ± 0.097a,AB 4.068 ± 0.167ab,AB 3.718 ± 0.031a,B

Feces 3.902 ± 0.017b,A 3.648 ± 0.059a,A 3.621 ± 0.064b,A 3.618 ± 0.105a,A

Bacteroides
Cecum 8.828 ± 0.222a,A 7.562 ± 0.045a,B 7.186 ± 0.020a,B 7.820 ± 0.025a,B

Colon 8.307 ± 0.104a,A 7.328 ± 0.022a,B 7.057 ± 0.021a,B 7.008 ± 0.051b,B

Feces 7.333 ± 0.047b,A 6.561 ± 0.021b,B 6.298 ± 0.031b,B 6.898 ± 0.075b,AB

Lactobacilli
Cecum 7.118 ± 0.070a,B 7.588 ± 0.011a,AB 8.148 ± 0.031a,A 7.057 ± 0.085a,B

Colon 6.700 ± 0.067ab,A 7.238 ± 0.048a,A 7.314 ± 0.071b,A 7.031 ± 0.064a,A

Feces 6.128 ± 0.012b,B 7.224 ± 0.021a,A 7.036 ± 0.014b,A 6.542 ± 0.113a,AB

a,bMeans in the same column followed by different lowercase letters are significantly different (P < 0.05).
A,BMeans in the same row followed by different uppercase letters are significantly different (P < 0.05).
1Results are expressed as mean ± standard error of means, n = 6.
2Treatments: Control = no L. casei ASCC 292, fructooligosaccharide (FOS), or maltodextrin; LF = 0.9%

(wt/wt) L. casei ASCC 292 and 2.5% (wt/wt) FOS; LM = 0.9% (wt/wt) L. casei ASCC 292 and 3.3% (wt/wt)
maltodextrin; LFM = 0.9% (wt/wt) L. casei ASCC 292, 2.5% (wt/wt) FOS, and 3.3% (wt/wt) maltodextrin.

Concentration of Organic Acids

The concentration of organic acids in different intesti-
nal sites of rats is shown in Table 8. The concentration
of acetic acid was consistent in the cecal and colon re-
gions in rats fed the LF and LM diets, whereas a decrease
in concentration after the region was seen in the control
and LFM diets. Rats supplemented with the LM and
LFM diets also showed a lower concentration of acetic
acid in most intestinal contents compared with the con-
trol. All diets showed a gradient decrease in the concen-
tration of butyric acid from samples obtained from cecum
to feces. Rats supplemented with the LFM diet showed
a significantly lower concentration of butyric acid com-
pared with the control in all intestinal sites studied.
Similar to the control diet, a gradient decrease in the
concentration of formic acid was observed across intesti-
nal regions from rats fed all synbiotic diets. The LF diet
contributed to a higher concentration of formic acid in
the cecal region compared with the control, whereas the
LFM diet caused a decrease in the concentration of for-
mic acid in most intestinal sites compared with the con-
trol. Concentration of propionic acid was least affected
by all synbiotic diets, with insignificant changes across
most intestinal gradients compared with that of the con-
trol. Only rats fed the LFM diet had significantly (P
< 0.05) higher amount of propionic acid in the cecum
compared with the control and other treatment groups.
The concentration of lactic acid was higher in the cecal
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region of rats fed the LM and LFM diets, and in the
cecal and colonic regions of rats on the LF diet, compared
with the control. However, the LM diet contributed to a
drastic decrease in the concentration of lactic acid across
all intestinal gradients, with the lowest amount detected
in the fecal samples compared with the other diets.

DISCUSSION

This feeding trial was conducted to investigate the
combined effect of L. casei ASCC 292 with FOS, L. casei
ASCC 292 with maltodextrin, and L. casei ASCC 292
with FOS and maltodextrin on serum cholesterol, intes-
tinal microflora, concentration of organic acids, and the
translocation of lactobacilli using rats as a model. Body
mass gain was in tandem with feed intake for all treat-
ment diets, indicating a similar feed efficiency across all
diets. Our results showed that the LM and LFM diets
contributed to higher fecal moisture compared with the
control diet. A major factor in determining the water
content of the lumen is the osmolality of the contents;
osmolality would be increased substantially by the pres-
ence of the unfermented carbohydrate used in this study.
This is the basis for the use of nondigestible sugar alco-
hols and oligosaccharides as inexpensive bowel regula-
tors and treatments for constipation in humans. Our
results here indicated that the LM and LFM diets had
higher laxative potential compared with the control.
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Table 8. Concentrations organic acids from cecal, colon and fecal content of rats fed control and synbiotic
diets1

Treatment2

Control LF LM LFM

(mM/g of dry sample)
Acetic acid
Cecum 14.402 ± 0.944a,A 12.995 ± 0.451a,A 1.201 ± 0.015a,B 10.421 ± 0.746a,A

Colon 5.660 ± 0.058b,B 16.747 ± 0.058a,A 1.090 ± 0.004a,B 2.393 ± 0.043b,B

Feces 2.247 ± 0.492b,A 6.225 ± 0.051b,A 0.115 ± 0.008b,B 0.328 ± 0.044b,B

Butyric acid
Cecum 19.507 ± 1.932a,A 11.451 ± 1.772a,B 15.768 ± 0.992a,AB 2.966 ± 0.115a,C

Colon 16.163 ± 3.407a,A 10.871 ± 2.109a,B 5.873 ± 0.275b,BC 1.223 ± 0.225a,C

Feces 6.010 ± 2.367b,A 5.245 ± 0.226b,A 5.785 ± 0.252b,A 0.321 ± 0.002a,B

Formic acid
Cecum 36.422 ± 0.947a,B 50.781 ± 0.011a,A 41.874 ± 0.173a,AB 34.455 ± 0.635a,B

Colon 24.775 ± 1.707ab,A 21.937 ± 2.755b,A 22.447 ± 1.561b,A 7.887 ± 0.216b,B

Feces 14.515 ± 0.027b,A 8.032 ± 0.283b,A 8.204 ± 0.262c,A 1.118 ± 0.125b,B

Propionic acid
Cecum 26.797 ± 3.057a,B 20.076 ± 1.744a,B 24.207 ± 1.831a,B 37.971 ± 0.660a,A

Colon 13.358 ± 1.997b,A 11.947 ± 0.575ab,A 14.013 ± 0.430a,A 17.441 ± 2.532b,A

Feces 3.831 ± 1.095b,A 4.304 ± 0.125b,A 1.344 ± 0.218b,A 4.745 ± 0.383c,A

Lactic acid
Cecum 129.997 ± 1.405a,C 188.015 ± 0.800a,AB 170.405 ± 2.490a,B 207.316 ± 0.772a,A

Colon 74.127 ± 1.307b,B 125.887 ± 2.005b,A 87.853 ± 0.931b,B 92.910 ± 0.891b,B

Feces 32.783 ± 0.490c,AB 19.376 ± 0.081c,B 12.077 ± 0.571c,C 41.118 ± 2.435c,A

a–cMeans in the same column followed by different lowercase letters are significantly different (P < 0.05).
A–CMeans in the same row followed by different uppercase letters are significantly different (P < 0.05).
1Results are expressed as mean ± standard error of means, n = 6.
2Treatments: Control = no L. casei ASCC 292, fructooligosaccharide (FOS), or maltodextrin; LF = 0.9%

(wt/wt) L. casei ASCC 292 and 2.5% (wt/wt) FOS; LM = 0.9% (wt/wt) L. casei ASCC 292 and 3.3% (wt/wt)
maltodextrin; LFM = 0.9% (wt/wt) L. casei ASCC 292, 2.5% (wt/wt) FOS, and 3.3% (wt/wt) maltodextrin.

None of the synbiotic diets exhibited harmful translo-
cation of lactobacilli to organs such as spleen, liver, and
kidney. Results from this study clearly indicated that
lactobacilli from all synbiotic diets were safe and did not
translocate to other internal organs.

Overall, the combination of L. casei ASCC 292, fructoo-
ligosaccharide, and maltodextrin (LFM diet) produced
lower total cholesterol and triglyceride levels. This sup-
ports our previous study on in vitro optimization, which
reported optimum removal of cholesterol when L. casei
ASCC 292 was used in the presence of FOS and maltode-
xtrin (Liong and Shah, 2005c). The combination of L.
casei ASCC 292 and maltodextrin (LM diet) beneficially
increased the level of HDL cholesterol, whereas none of
the synbiotics used altered the level of LDL cholesterol
compared with the control. The hypocholesterolemic ef-
fect of the LFM diet may be due to various factors. A
possible mechanism involves the alteration of lipid me-
tabolism by short-chain fatty acids. Propionate was re-
ported to inhibit fatty acid synthesis in vitro, and acetate
is a lipogenic substrate (Delzenne and Kok, 2001). It was
also found that hepatocytes isolated from rats fed an
oligofructose diet had a 40% lower capacity to synthesize
triacylglycerol from [14C]acetate than did control rats
(Kok et al., 1996). In our study, results showed that the
concentration of propionic acid in the ceca of rats fed

Journal of Dairy Science Vol. 89 No. 5, 2006

LFM was higher than the control, whereas the concen-
tration of acetic acid in the fecal samples was compara-
tively lower. Results from our study indicated that the
microbial fermentation of FOS and maltodextrin in the
LFM diet induced the concentration of propionic acid
that may have altered the cholesterol synthesis path-
ways, or decreased the concentration of acetic acid that
may lead to a decreased lipogenesis.

Rats that were supplemented with diets containing
FOS (LF and LFM) showed a constant lactobacilli count
across cecal, colonic, and fecal samples, whereas the con-
trol group showed a decline in lactobacilli counts after
the colonic region. Our previous in vitro study (Liong
and Shah, 2005c) found that FOS was a good specific
carbon source in modulating growth rate of L. casei
ASCC 292, and thus may have exerted similar effects
in this trial. In addition, the LFM diets had reduced
total populations of clostridia. It was previously reported
that an increase in bifidobacteria was often accompanied
by a decrease in concentration of clostridia (Gibson et
al., 1995). This study shows that a constant population
of lactobacilli may have a similar effect. Although the
FOS diets maintained a consistent lactobacilli count
along the intestinal gradients, only the LM diet contrib-
uted to increased population of lactobacilli compared
with the control. It was previously reported that malto-
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dextrin-like oligosaccharide had a lower rate of fermen-
tation than FOS and was more fermentable in the distal
part of the large intestine (Flickinger et al., 2000). Diet
LFM also contributed to a decreased count of staphylo-
cocci and total coliforms in most intestinal samples,
whereas the control diet exhibited a comparatively
higher count. However, the LF diet increased the popula-
tion of staphylococci compared with the control. This is
supported by a previous study that reported better use
of chicory oligofructose by staphylococci compared with
synthetic oligofructose or even glucose (Roberfroid et al.,
1998). The LFM diet also reduced population of E. coli
in all intestinal samples compared with the control. Lac-
tobacilli have been reported to inhibit the binding of
enteropathogenic E. coli to intestinal cells (Bernet et al.,
1994). Although most inhibition of pathogenic bacteria
has been contributed by a decrease in intestinal pH
(Swanson et al., 2002), the current study did not indicate
such an association due to insignificant changes of pH
along intestinal sites. In this study, these positive influ-
ences on pathogen populations may be supported by the
higher concentration of lactic acid in cecum of rats fed
the synbiotic diets compared with the control diet. Lactic
acid is the major end product of lactate-producing lacto-
bacilli (Swanson et al., 2002), and our results showed
that the production of organic acids was dominated by
lactic acid. Thus, the high production of lactic acid could
indicate the possible antimicrobial capability on patho-
genic microorganisms.

It must be noted that the concentration of acetic acid
in rats supplemented fed the LM diet was lower com-
pared with the other diets. A previous in vitro study
(Liong and Shah, 2005d) reported that FOS was a better
substrate for L. casei ASCC 292 for the production of
acetic acid than was maltodextrin; this was confirmed
in the current trial. Although the concentration of malto-
dextrin in the LM diet was higher than the concentration
of FOS in the LF diet, the short-chain FOS used (average
degree of polymerization of 4) would be more extensively
fermented by the colonic bacteria than the longer chain
maltodextrin (average degree of polymerization of 11),
and thus contributing to higher concentration of acetic
acid. It must also be noted that rats fed the LFM diet
showed a much lower concentration of acetic acid in the
lower bowel regions compared with the cecal region. We
postulate that FOS in the LFM diet was quickly fer-
mented by bacteria in the cecal region, resulting in a
lower availability of FOS in the colonic regions thereaf-
ter; thus, contributing to a drastic decrease in acetic acid
concentration after the cecal region. Results from this
study also showed that a significantly lower concentra-
tion of butyric acid was detected in all intestinal sites
studied from rats fed the LFM diet compared with con-
trol. It has been reported that short-chain fatty acids,
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especially butyrate, are the major intestinal fuel even
in the presence of competing glucose (Windmueller and
Spaeth, 1978). This led us to believe that the combination
of FOS and maltodextrin may have synergistically accel-
erated the absorption of butyrate by colonocytes. Al-
though the overall production of butyric acid may have
been alternatively decreased, more work is needed to
elucidate the absorption phenomenon, because if this
postulation is true, the synergistic combination of L.
casei ASCC 292, FOS, and maltodextrin could reduce
the risk of colon cancer, which is often associated with
decreased butyrate absorption in the bowel (Topping and
Clifton, 2001).

Lactobacilli are lactate-producing bacteria, which
could be observed from the higher concentration of lactic
acid in cecal samples from rats fed the synbiotic diets
compared with those fed the control. However, the con-
centration of lactic acid was higher in rats fed diets
containing FOS than maltodextrin, which agrees with
our previous in vitro study (Liong and Shah, 2005d). In
that study, we reported that FOS was a better substrate
for L. casei ASCC 292 to produce lactic acid compared
with maltodextrin. In general, acetate is produced pre-
dominantly, followed by propionate (Roberfroid et al.,
1998). Results from this study did not indicate such ori-
entation. As reported in our previous study (Liong and
Shah, 2005d), acetate was inhibited by the end-product
of maltodextrin fermentation. We postulate that the fer-
mentation of maltodextrin in the cecum and colon may
have contributed to such end-product inhibition. In addi-
tion, we previously reported that FOS encouraged the
production of propionic acid, which may have generated
the higher concentration of propionic acid in this study.

CONCLUSIONS

The rats fed the synbiotic diets (LM and LFM) had
higher moisture content in the feces compared with rats
fed the control diet, indicating better laxative effects of
the synbiotic diets. Diet LFM decreased the serum total
cholesterol and triglyceride contents, whereas diet LM
increased serum HDL cholesterol level. Diet LFM played
a major role in decreasing populations of staphylococci,
E. coli, coliforms, bacteroides, and clostridia. The in-
creased population of lactobacilli contributed to a de-
creased population of clostridia and increased concentra-
tion of lactic acid. Diets containing FOS contributed to
increased concentration of acetic acid. A much lower
concentration of butyric acid was detected in the intesti-
nal sites of rats fed the LFM diet compared with other
diets, suggesting that the LFM diet accelerated butyrate
absorption by colonocytes. This study showed that the
combination of L. casei ASCC 292, FOS, and maltodex-
trin is beneficial for pathological cholesterol levels and
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healthier bowel microbial population without exhibiting
harmful lactobacilli translocation.
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