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1. Introduction

There is an increased occurrence of atherosclerotic 
heart diseases in patients with hypercholesterolaemia 
(Kannel et al., 1971), which indicates the significance 
of finding methods to decrease serum cholesterol. 
Fermented milk products have been suggested as dietary 
enhancements, since Mann and Spoerry (1974) revealed 
hypocholesterolaemic effects occurring from the food of 
Maasai tribes in Africa consuming a lot of milk fermented 
by Lactobacillus strains. Several studies concentrated on 
the prospective hypocholesterolaemic action of fermented 
milk in humans and rats (El-Gawad et al., 2005; Zhou et 
al., 2000). As of 1986, conventional yoghurt cultures have 
been enriched or substituted by Bifidobacterium species to 
improve the beneficial value of the yoghurt and to market 
it as a functional therapeutic food. Thus, incorporation of 

bifidobacteria in different dairy products has become a 
prospective trend (Kailasapathy and Rybka, 1997).

Probiotics play an important role in maintaining good 
health (Endres et al., 2009; Fernandez et al., 2013; Huang 
et al., 2003), e.g. Bifidobacterium longum enhancing 
gastrointestinal health (Diaz et al., 2013), Lactobacillus 
casei strain Shirota improving insulin resistance and glucose 
intolerance (Naito et al., 2011,) and Bifidobacterium bifidum 
expressing an observable effect on cholesterol removal 
comparable to Lactobacillus acidophilus (Chiu et al., 2006). 
Cholesterol-lowering effects of bifidobacteria have been 
established in various animals and in human experiments. 
These effects are not yet fully understood, however, 
bifidobacteria contribute to improved faecal excretion of 
bile acids, which could generally develop hepatic cholesterol 
homeostasis (Chae et al., 2012). Kurmann and Rasic (1991) 
suggested that the number of probiotic organisms in a 
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probiotic product should be >106 cfu/ml, while Lourens-
Hattingh and Viljeon (2001) reported reported >107 and 
108 cfu/ml as satisfactory levels. The viability of probiotic 
organisms in yoghurt is influenced by several factors, such as 
pH, bacterial strain, oxygen content, water activity, storage 
temperature, starter cultures and interaction between 
probiotics (Champagne et al., 2010; Endres et al., 2011; 
Talwalkar and Kailasapathy, 2004). Various attempts have 
been made, including supplementation with prebiotics to 
maintain the bifidobacteria levels required. Agave fructans 
significantly increased populations of bifidobacteria (Gomez 
et al., 2010); galacto-oligosaccharides and lactulose have 
also been shown to support the growth of bifidobacteria 
(Watson et al., 2013). Combining prebiotics with probiotic-
based food supplementation can improve the functional 
properties related to special health benefits (O’Neill, 2008).

Mangifera pajang Kosterm. belonging to the Anacardiaceae 
family is an underutilised fruit known in Malaysia, Brunei, 
and Indonesia (Hassan et al., 2011a). The size of the fruit is 
three times as large as mango (Mangifera indica) (Hassan 
et al., 2011b), and the fruit pulp representing 50-67% of 
the total weight is fibrous (Al-Sheraji et al., 2011). In a 
previous study, Al-Sheraji et al. (2011) investigated the 
soluble and insoluble dietary fibre composition and 
physicochemical properties of M. pajang fibrous pulp (MPF) 
and reported on their beneficial effects. In another study, 
Al-Sheraji et al. (2012b) demonstrated that MPF as well as 
its polysaccharides (MPFP) showed strong fermentation 
and non-digestibility properties, and thus might be a 
prospective prebiotic for incorporation into food products. 
MPFP significantly enhanced the viability and activity of 
B. longum BB 536 increasing the production of short chain 
fatty acids and proteolytic activity of this microorganism 
(Al-Sheraji et al., 2012c). Rats fed a cholesterol-enriched 
diet supplemented with yoghurt containing B. longum 
BB536 had significantly lower plasma total cholesterol, 
low-density lipoprotein cholesterol and very-low-density 
lipoprotein cholesterol. In addition, faecal excretion of bile 
acids was markedly increased (Al-Sheraji et al., 2012d).

The objective of the present study was to investigate the 
cholesterol reducing effects of B. longum BB536 in the 
presence of M. pajang fibrous polysaccharides in rats.

2. Materials and methods

Chemicals

Casein from bovine milk, alpha-cellulose powder, maize 
starch, lithocholic acid, and thiobarbituric acid were 
purchased from Sigma Chemicals (St. Louis, MO, USA). 
Butylated hydroxytoluene was purchased from Sigma-
Aldrich (St. Louis, MO, USA). Vitamin mixture, mineral 
mixture, choline chloride, DL-methionine, cholesterol, 
cholic acid, chenodeoxycholic acid, and deoxycholic acid 

were purchased from MP Biomedicals (Solon, OH, USA). 
RC-l2 was purchased from Bita Lifescience (Selangor, 
Malaysia).

Preparation of Mangifera pajang fibrous pulp

Fibrous pulp from M. pajang fruit (MPFP) was prepared by 
removing the skin and separating the seed from the pulp. 
The pulp was wet milled and the juice was separated. The 
resulting fibrous part (pomace) was dried and ground (Al-
Sheraji et al., 2011). Crude polysaccharides were extracted 
using hot water, deproteinated, dialysed, concentrated, 
precipitated and lyophilised (Al-Sheraji et al., 2012a).

Preparation of yoghurt

Yoghurt was prepared according to the method described 
by Al-Sheraji et al. (2012d) with some modifications. 
Instant skim milk powder (NZMP; Fonterra, Auckland, 
New Zealand) was weighed, dissolved in water to constitute 
8.25% skim milk (w/v) and divided into three lots. One 
lot was fortified with 0.75 g/l non-fat dried milk (YCBB), 
a second lot with 0.75 g/l inulin (YCBBI) and a third lot 
with 0.75 g/l MPFP (YCBBM). After homogenisation 
with an APV homogenizer (Albertslund, Denmark) until 
all ingredients were dissolved in the milk, the lots were 
pasteurised at 85 °C for 30 min and cooled by immersion 
of the flasks in an ice water bath until they reached a 
temperature of 40-43 °C. 3% (v/v) yoghurt starter culture 
– 2% Lactobacillus delbrueckii subsp. bulgaricus and 
Streptococcus thermophilus, and 1% B. longum BB 536 – 
was added to each lot. The mixtures were distributed into 
100 ml plastic cups, incubated at 40 °C until they reached 
a pH of 4.5, followed by cooling to 4 °C and then stored 
for 7 days. At that time, the numbers of B. longum BB536, 
L. delbrueckii ssp. bulgaricus and S. thermophilus in YCBB 
were 7.5, 8.2 and 8.5 log cfu/ml, respectively; in YCBBI 8.5, 
8.4 and 8.4 log cfu/ml, respectively; and in YCBBM 8.4, 8.2 
and 8.4 log cfu/ml, respectively (Al-Sheraji et al., 2012c).

Diet preparation

The diet was prepared according to method described by Al-
Sheraji et al. (2012d) at the Nutritional Sciences Laboratory, 
Faculty of Medicine and Health Science, Universiti Putra 
Malaysia. To develop hypercholesterolaemic rats, a 
cholesterol-enriched diet was prepared containing 20 g 
cholesterol, 200 g casein, 100 g maize oil, 10 g vitamin 
mixture and 35 g mineral mixture (AIN-76 formula; 
American Institute of Nutrition, 1977), 5 g cholic acid, 30 g 
cellulose, 3 g methionine, 400 g starch and 197 g sucrose. 
Approximately 100 ml cold water was added and then the 
mixture was stirred to form a dough. The dough was placed 
on trays covered with aluminium foil, spread and cut to 
small pieces. Finally, the dough was dried in an oven at 
50 °C overnight and kept at 4 °C until further use.
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Animals and experimental design

Forty male Sprague-Dawley rats at 4 weeks of age were 
housed in stainless steel cages (4 rats per cage) at a relative 
humidity of 60% and temperature of 20-25 °C with 12 h 
light exposure in a daily cycle from 06:00 a.m. to 18:00 
p.m. The experiment was carried out according to the 
guidelines for the use of animals approved by the Animal 
Care and Use Committee of the Faculty of Medicine and 
Health Sciences, Universiti Putra Malaysia (approval no. 
UPM/FPSK/PADS/BR-UUH/00362). All animals were fed a 
basal diet for one week. After acclimatisation, the rats were 
randomly divided into 5 groups of 8 rats. The first group 
was fed a basal (cholesterol-free) diet and water during 8 
weeks, and considered as a negative control group (NC). 
The other four groups were fed the cholesterol-enriched 
diet. One of these groups considered as a positive control 
group (PC) was only fed the cholesterol-enriched diet and 
water for an eight-week period; the other 3 groups were 
fed the cholesterol-enriched diet with the various yoghurts 
instead of water (Akalin et al., 1997; Chiu et al., 2006). The 
environmental conditions were controlled, and diet and 
drink were available ad libitum.

Blood sampling and analysis

At the end of the eight-week experimental period, blood 
samples were collected from the rats by cardiac puncture 
under diethyl ether anaesthesia. The samples were collected 
in tubes with EDTA added. To separate the plasma for 
the lipid profile assay, the tubes were centrifuged at 3,000 
rpm for 15 min at 4°C. The plasma was stored at -20 °C in 
Eppendorf tubes until analysis (Al-Sheraji et al., 2012d). 
Total cholesterol (TC), low-density lipoprotein cholesterol 
(LDL-C), high-density lipoprotein cholesterol (HDL-C), 
and triglycerides levels were determined by an enzymatic 
colourimetric method (Trinder, 1969) using analytical 
kits (Roche Diagnostics GmbH, Mannheim, Germany) 
and kinetic UV assays using a Hitachi 902 auto-analyser 
(Hitachinaka-Shi, Japan). Very low-density lipoprotein 
cholesterol (VLDL-C) was calculated as follows: VLDL-C 
= TC – (HDL-C + LDL-C). Analysis of liver and kidney 
functions, including alanine aminotransferase (ALT), 
gamma-glutamyl transferase (GGT), creatinine and 
urea, was measured using a Hitachi 902 auto-analyser 
(Hitachinaka-Shi, Japan).

Tissue collection for histopathology

The rats were euthanised and dissected at the end of 
experiment, and the liver, heart, kidney, spleen, and adipose 
tissues were excised immediately and weighed. The organs 
were washed with ice-cold 0.9% (w/v) saline solution and 
stored in RC-l2 at -20 °C. Liver tissues were routinely fixed 
in 10% (v/v) formaldehyde, embedded in paraffin-embedded 
sections, and stained with haematoxylin and eosin (HE) (Yin 

et al., 2010). Adipose tissue was removed and embedded 
after delipidation. After fixation in 20% (v/v) formalin/1% 
glutaraldehyde, 3-mm tissue sections were created and 
stained with HE. Three samples from the liver and adipose 
tissue of each rat were taken. Five high-power fields of 
each histologic section were observed. The classification 
and degree of fatty deposition were as follows: mild fatty 
degeneration (+), fatty hepatocytes occupying 30-50% of 
the hepatic parenchyma; moderate fatty degeneration 
(++), fatty hepatocytes occupying 50-75% of the hepatic 
parenchyma; and severe fatty degeneration (+++), fatty 
hepatocytes occupying >75% of the hepatic parenchyma 
(Xie et al., 2011).

Statistical analysis

All the data are presented as the mean ± standard deviation 
(SD). Group differences were analysed using a one-way 
ANOVA (SPSS version 19.0; SPSS, Inc., Chicago, IL, 
USA) followed by a least significant difference (LSD) test. 
Significance was set at P<0.05.

3. Results

Effect on plasma lipid levels and atherosclerotic index

Table 1 shows the changes in plasma TC, LDL-C, HDL-C, 
VLDL-C and atherosclerotic index levels at the end of the 
experimental period. Rats fed a cholesterol-enriched diet 
(positive control group, PC) showed a significant (P<0.05) 
elevation of TC, LDL-C, VLDL-C and atherosclerotic index 
levels, and a slight decrease in HDL-C level compared to 
the negative control group fed a cholesterol-free diet (NC 
group). Adding yoghurt containing B. longum BB536 to 
the cholesterol-enriched diet (YCBB, YCBBI and YCBBM 
groups) significantly decreased TC, LDL-C, VLDL-C and 
atherosclerotic index levels compared to the PC group. The 
highest cholesterol reduction was observed in the YCBBI 
and YCBBM groups. In addition, there was no significant 
difference in TC, LDL-C, VLDL-C and atherosclerotic 
index levels between the YCBBI, YCBBM and NC groups. 
As shown in Table 1, there was no significant difference in 
plasma HDL-C levels between the NC group and the other 
experimental groups at the end of the experimental period. 
The PC group showed the lowest HDL-C level followed by 
the NC, YCBB, YCBBI and YCBBM groups, the difference 
between the latter three groups being not significant.

Effect on liver and kidney function

Table 2 shows the plasma levels of ALT, GGT, urea and 
creatinine of the rats at the end of the experimental period. 
These liver enzymes and kidney function parameters are 
an index of liver and kidney dysfunction or damaged liver 
and kidney cells. ALT, GGT, urea and creatinine were 
significantly higher (P<0.05) in rats fed the cholesterol-
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enriched diet (PC group) compared to the NC group 
after 8 weeks. Compared to the PC group, however, these 
levels were significantly decreased in the YCBB, YCBBI 
and YCBBM groups. It is noteworthy that the lowest levels 
were found in the latter two groups, showing no significant 
differences with the NC group.

Effect on organ weight

Table 3 shows the weights of liver, kidney, spleen, heart and 
adipose tissue of the rats at the end of the experimental 
period. No significant differences were found in the heart 
weights between the groups. No significant differences in 
the weights of the spleen were found between all groups. 
However, there was a significant (P<0.05) difference 
in kidney weight between the PC group and the other 
groups. The liver weight in the PC group was significantly 
higher than that in the NC, YCBB, YCBBI and YCBBM 

groups. The weight of adipose tissue in the PC group was 
significantly higher than that in the NC, YCBB, YCBBI 
and YCBBM groups.

Effect on lipid deposition in the liver

The rats in the YCBB, YCBBI and YCBBM groups exhibited 
an overall normal gross liver appearance. Liver lipid 
deposition was evaluated in a semi-quantitative manner. 
As shown in Figure 1, no fatty vacuolisation was found in 
the NC group. The liver tissue in PC group had a severe 
degree of vacuolisation and increased lipid deposition in 
the cytoplasm, which was obviously lower in the YCBB 
group. A further lowering was observed in the YCBBI and 
YCBBM groups (Figure 1, Table 4).

Table 1. Total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), very 
low-denstity lipoprotein cholesterol (VLDL-C) and atherosclerotic index levels in rats fed cholesterol-free and cholesterol-enriched 
diets for 8 weeks.1

Group2 TC (mmol/l) LDL-C (mmol/l) HDL-C (mmol/l) VLDL-C (mmol/l) Atherosclerotic 
index3

NC 2.35±0.23a 0.97±0.09a 1.37±0.22ab 0.27±0.08a 0.91±0.19a

PC 7.01±0.32c 4.56±0.29c 1.29±0.13a 1.15±0.09c 4.46±0.71c

YCBB 4.13±0.18b 2.24±0.12b 1.53±0.14b 0.36±0.19b 1.43±0.34b

YCBBI 2.58±0.37a 1.04±0.14a 1.59±0.19b 0.26±0.16a 0.94±0.25a

YCBBM 2.47±0.34a 0.74±0.18a 1.66±0.22b 0.29±0.09a 0.83±0.21a

1 Each value represents the mean ± standard deviation of 8 rats. Means with different superscripts are significantly different (P<0.05).
2 NC = negative control group fed cholesterol-free diet; PC = positive control group fed cholesterol-enriched diet; YCBB = group fed cholesterol-enriched 
diet with yoghurt culture + Bifidobacterium longum BB536, YCBBI = group fed cholesterol-enriched diet with yoghurt culture + B. longum BB536 + inulin, 
and YCBBM = group fed cholesterol-enriched diet with yoghurt culture + B. longum BB536 + Mangifera pajang fibrous pulp.
3 LDL-C/HDL-C.

Table 2. Alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT), urea and creatinine levels in rats fed cholesterol-free 
and cholesterol-enriched diets for 8 weeks.1

Group2 ALT (U/l) GGT (U/l) Urea (mmol/l) Creatinine (µmol/l)

NC 35.45±2.43a 47.94±4.87a 6.17±0.45a 27.30±2.97a

PC 86.65±5.12c 116.54±5.18c 10.47±0.90c 87.95±6.19c

YCBB 62.43±3.18b 82.24±6.12b 7.53±0.84b 43.36±3.29b

YCBBI 38.58±3.37a 51.14±5.14a 6.59±0.99a 29.26±4.16a

YCBBM 39.10±2.34a 49.75±4.46a 6.23±0.82a 31.76±2.51a

1 Each value represents the mean ± standard deviation of 8 rats. Means with different superscripts are significantly different (P<0.05).
2 NC = negative control group fed cholesterol-free diet; PC = positive control group fed cholesterol-enriched diet; YCBB = group fed cholesterol-enriched 
diet with yoghurt culture + Bifidobacterium longum BB536, YCBBI = group fed cholesterol-enriched diet with yoghurt culture + B. longum BB536 + inulin, 
and YCBBM = group fed cholesterol-enriched diet with yoghurt culture + B. longum BB536 + Mangifera pajang fibrous pulp.
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Effect on adipocytes in adipose tissue

Morphometric analysis of the adipose tissue is shown in 
Figure 2. Adipose tissue in the PC group had approximately 
half the number of adipocytes compared the NC, YCBBI, 
and YCBBM groups. The YCBB group had more adipocytes 
than the PC group, but the number was significantly less 
than that of the NC, YCBBI and YCBBM groups (P<0.05). 

The average adipocyte size in the PC group was significantly 
larger than that in the NC, YCBBI, YCBBM and YCBB 
groups (P<0.05). The YCBB group showed a smaller 
adipocyte size than the PC group, while the YCBBI and 
YCBBM groups showed a smaller adipocyte size than the 
YCBB group.

Table 3. Organ weight of rats fed cholesterol-free and cholesterol-enriched diets for 8 weeks.

Group1 Organ weight (g)

Liver Kidney Spleen Heart Adipose tissue

NC 12.18±2.59a 2.79±0.86a 0.97±0.22a 1.12±0.13a 06.35±0.49a

PC 24.27±2.39d 2.79±0.81a 0.95±0.28a 1.31±0.22a 10.48±1.00c

YCBB 21.11±2.23c 4.13±0.51b 0.95±0.26a 1.35±0.18a 07.65±1.62b

YCBBI 14.36±2.59ab 3.14±0.52ab 0.96±0.15a 1.24±0.30a 06.41±0.68a

YCBBM 15.23±1.78b 2.89±0.39a 0.71±0.12a 1.29±0.22a 06.37±0.97a

1 Each value represents the mean ± standard deviation of 8 rats. Means with different superscripts are significantly different (P<0.05).
2 NC = negative control group fed cholesterol-free diet; PC = positive control group fed cholesterol-enriched diet; YCBB = group fed cholesterol-enriched 
diet with yoghurt culture + Bifidobacterium longum BB536, YCBBI = group fed cholesterol-enriched diet with yoghurt culture + B. longum BB536 + inulin, 
and YCBBM = group fed cholesterol-enriched diet with yoghurt culture + B. longum BB536 + Mangifera pajang fibrous pulp.

Figure 1. Histology of the liver in rats fed cholesterol-free and cholesterol-enriched diets for 8 weeks. NC = negative control group 
fed cholesterol-free diet; PC = positive control group fed cholesterol-enriched diet; YCBB = group fed cholesterol-enriched diet 
with yoghurt culture + Bifidobacterium longum BB536, YCBBI = group fed cholesterol-enriched diet with yoghurt culture + B. 
longum BB536 + inulin, and YCBBM = group fed cholesterol-enriched diet with yoghurt culture + B. longum BB536 + Mangifera 
pajang fibrous pulp. a = fat globules; b = sinusoids; c = central vein; d = plates of hepatocytes.
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4. Discussion

The present study showed that B. longum BB536 is 
effective in reducing plasma TC, LDL-C, VLDL-C and 
atherosclerotic index levels of rats fed a cholesterol-
enriched diet. The effect of B. longum BB536 increased in 
the presence of a prebiotic, either inulin or MPFP. These 
findings are in agreement with previous studies reporting 
that the consumption of fermented milk containing 

bifidobacteria (109 cfu/g) by hypercholesterolaemic human 
subjects resulted in a reduction of the TC level from 300 to 
150 mg/100 ml (Homma, 1988). Schaarmann et al. (2001) 
reported that the consumption of a probiotic yoghurt with 
B. longum and L. acidophilus decreased TC and LDL-C in 
hypercholesterolaemic women from 293 to 255 mg/100 
ml after 153 days. Consumption of yoghurt containing 
L. acidophilus resulted in a noteworthy decline in TC and 
LDL-C levels (Akalin et al., 1997), while consumption 

Table 4. Degree of liver lipid deposition in rats fed cholesterol-free and cholesterol-enriched diets for 8 weeks.

Group1 Degree of fatty deposition2 (n=8 per group)

- + ++ +++

NC 8 0 0 0
PC 0 1 4 3
YCBB 5 2 1 0
YCBBI 7 1 0 0
YCBBM 7 1 0 0

1 NC = negative control group fed cholesterol-free diet; PC = positive control group fed cholesterol-enriched diet; YCBB = group fed cholesterol-enriched 
diet with yoghurt culture + Bifidobacterium longum BB536, YCBBI = group fed cholesterol-enriched diet with yoghurt culture + B. longum BB536 + inulin, 
and YCBBM = group fed cholesterol-enriched diet with yoghurt culture + B. longum BB536 + Mangifera pajang fibrous pulp.
2 +, mild fatty degeneration; ++, moderate fatty degeneration; +++, severe fatty degeneration.

Figure 2. Adipocytes in adipose tissue sections in rats fed cholesterol-free and cholesterol-enriched diets for 8 weeks. NC = 
negative control group fed cholesterol-free diet; PC = positive control group fed cholesterol-enriched diet; YCBB = group fed 
cholesterol-enriched diet with yoghurt culture + Bifidobacterium longum BB536, YCBBI = group fed cholesterol-enriched diet with 
yoghurt culture + B. longum BB536 + inulin, and YCBBM = group fed cholesterol-enriched diet with yoghurt culture + B. longum 
BB536 + Mangifera pajang fibrous pulp.

NC PC YCBB

YCBBI YCBBM
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of a probiotic yoghurt enriched with B. longum 913, 
L. acidophilus 145 and 1% oligofructose caused an increase 
of plasma HDL-C (Kiessling et al., 2002).

Some hypotheses have been put forward to explain 
the hypocholesterolaemic activity of bifidobacteria. 
Bifidobacteria can ferment non-digestible carbohydrates 
to produce short chain fatty acids (SCFAs) capable of 
reducing hepatic cholesterol synthesis. Liong and Shah 
(2005) stated that probiotics are capable of inhibiting 
intestinal cholesterol absorption by binding bile acids and 
cholesterol. Seelig and Seelig (1996) reported that probiotic 
bacteria promoted cholesterol excretion through the faeces 
by electrostatic and hydrophobic peptide interactions.

The levels of plasma ALT, aspartate aminotransferase 
(AST), GGT, alkaline phosphatase (ALP), creatinine and 
urea increased as a result of liver injury or damage of liver 
cells due to the consumption of a high cholesterol diet 
(Mclntyre and Rosalki, 1992). High AST levels can be a 
warning of liver damage (Abdel-Baset et al., 1997) due to 
reactive free radical species (Bondy et al., 1995). If the bile 
ducts become inflamed or injured, GGT and ALP can get 
backed up and spill out from the liver into the bloodstream. 
In the present study, the levels of plasma ALT, GGT, urea 
and creatinine were significantly decreased in the YCBB, 
YCBBI and YCBBM groups compared to the PC group. The 
findings also showed that these plasma levels were lower in 
the YCBBI and YCBBM groups than in the YCBB group. 
This could be due to the increase in metabolic activity of 
B. longum BB536 in the presence of prebiotics to produce 
SCFAs (Al-Sheraji et al., 2012d).

Liver and adipose tissue weights in the PC group were 
significantly higher than those in the NC group. In the 
YCBB, YCBBI and YCBBM groups, the liver and adipose 
tissue weights were significantly reduced. These results 
were in agreement with previous results reported by 
Takemura et al. (2010). The degree of vacuolisation and 
lipid deposition in the cytoplasm of liver tissue caused by 
a high cholesterol diet was lower in the YCBB group. This 
lowering was enhanced in the presences of the prebiotics 
inulin and MPFP. This finding is in agreement with previous 
studies reporting that bifidobacteria strains decreased lipid 
deposition in the liver (Yin et al., 2010; Xie et al., 2011). 
B. longum BB536 also lowered the adipocyte size enlarged 
by the cholesterol-enirched diet; the lowering was enhanced 
in the presence of the prebiotics inulin and MPFP. This 
result is in agreement with Xie et al. (2011) who found that 
administration of Lacobacillus plantarum 9-41-A resulted 
in a decrease in adipocyte size. In addition, Takemura et al. 
(2010) reported that L. plantarum strain No. 14 reduced 
adipocyte size in mice fed a high-fat diet.

In conclusion, B. longum BB536 exerted a significant 
hypocholesterolaemic effect on Sprague-Dawley rats 

fed a cholesterol-enriched diet. This effect increased 
singnificantly in the presence of inulin and MPFP. B. longum 
BB536 and MPFP have been demonstrated to be non-toxic 
and, therefore, are safe for food applications.
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