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Dietary Lactobacillus plantarum LS/07 and inulin in the 
management of chronic disease risk factors
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The aim of this study was to investigate the possibilities 
of modification of chronic disease risk factors with pro-
biotic strain Lactobacillus plantarum LS/07 and prebiotic 
inulin in rats with western high fat diet. The Sprague-
Dawley rats were divided into four groups: control group 
(CG group), group with high fat diet (HFD group), group 
receiving high fat diet in combination with Lactobacillus 
plantarum LS/07 (HFD+PRO group), and group receiving 
high fat diet in combination with oligofructose enriched 
inulin (HFD+PRE group). The activity of β-glucuronidase, 
lipid parameters, bile acids, oxLDL, short chain fatty ac-
ids, and counts of coliforms and lactobacilli were deter-
mined. High fat diet as a  key risk factor of chronic dis-
eases had adverse effect on expression of metabolic and 
biochemical parameters. Dietary intake of Lactobacillus 
plantarum LS/07 (HFD+PRO group) and inulin (HFD+PRE 
group) suppressed weight gain of rats. In HFD+PRO 
group, the level of total cholesterol (P<0.001), LDL-CH 
(P<0.05), oxLDL (P<0.001), total bile acids (P<0.001) were 
statistically significantly decreased, while the produc-
tion of short chain fatty acids was enhanced. Changes 
in the selected parameters exhibited a similar tendency 
also in the HFD+PRE group. Activity of β-glucuronidase 
was statistically significantly decreased (P<0.001) in the 
HFD+PRE group. Lactobacillus plantarum LS/07 and inu-
lin caused a  statistically significant increase in the count 
of lactobacilli (P<0.001) and a decrease in the number 
of coliforms (P<0.001). These results indicate Lactobacil-
lus plantarum LS/07 and inulin could be used in diet for 
human and animals as an important nutritional supple-
ment or in medicinal products.
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INTRODUCTION

 Nutrition trends and their personalization are scien-
tific advances and show the need to adapt and develop 
innovations in human and veterinary medicine (Han, 
2017; Tungland, 2018). Chronic diseases are a long-term 
interference in the patient‘s life. Of these, cardiovascu-
lar disease is the most common cause of death (Bomba 

et al., 2015). Dietary strategies that modulate the micro-
biota or its metabolic activity are emerging as effective 
tools for reducing risk factors for cardiovascular disease 
and indicate that indeed the way to a healthy heart may 
be through a healthy gut microbiota (Tuohy et al., 2014; 
Brusaferro et al., 2018). Many observations raise the in-
triguing possibility that gut microbiome modulation by 
prebiotics and probiotics may be the base of healthy eat-
ing pyramids recommended by regulatory agencies across 
the globe. The interconnection of prebiotics and probi-
otics with the intestinal microbiota shows that gut mi-
crobiota is identified as a possible modifiable risk factor 
in the development of chronic diseases (Davani-Davari 
et al., 2019). The manifestation of chronic diseases is the 
dysfunction of the intestinal microbiota. Intestinal dys-
biosis adversely affects the expression of metabolic and 
biochemical parameters in the development of chronic 
diseases that affect general health.

The mechanisms of the hypolipidemic activity of pro-
biotic bacteria are as follows: taking up and assimilation 
of cholesterol for stabilization of their cell membrane, 
binding cholesterol to cell walls of probiotics in intes-
tine, conversion of cholesterol into coprostanol, involv-
ing deconjugation of bile acid via bile salt hydrolase ca-
talysis, inhibition of hepatic cholesterol and triglyceride 
synthesis by short chain fatty acids such as propionate, 
and redistribution of cholesterol from plasma to the liver 
(Homayouni et al., 2012). The decrease in plasma choles-
terol with the use of inulin could also be due to the in-
hibition of cholesterol synthesis by propionic acid or to 
the modification in bile acid metabolism (Beylot, 2005).

The aim of this study is to experimentally present the 
possibility of modifying the risk factors of chronic dis-
eases with probiotic strain Lactobacillus plantarum LS/07 
and prebiotic inulin in rats supplemented with high fat 
diet.

MATERIALS AND METHODS

Animals. Male and female Sprague-Dawley rats 
(n=36) four months old were used in the experiment 
conducted in accordance with the principles of the Slo-
vak Republic for the Care and Use of Laboratory Ani-
mals and approved by the Ethical Committee of the 
Faculty of Medicine of P. J. Šafárik University in Košice 
(Ro-1672/09-221). Rats were randomly assigned to 4 
groups, 9 rats per group: CG (control group with con-
ventional feed), HFD group with high fat diet (a high fat 
diet was prepared from a conventional diet supplement-
ed with a 20% fat, Biofer Slovak Republic), HFD+PRO 
group (group with HFD + Lactobacillus plantarum LS/07), 
and HFD+PRE group (group with HFD + oligofru-
cose enriched inulin). Drinking water was provided ad 
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libitum. Feed and water intake was monitored daily and 
body weights were recorded weekly. After 28 weeks of 
the experiment the rats were euthanized under anesthesia 
(Ketamine 100 mg/kg + Xylazine 15 mg/kg, intraperi-
toneally). Blood samples were withdrawn from the heart 
by puncture and samples of fresh caecal digesta were 
also taken for further analysis.

Treatments. Treatments consisted of oligofruc-
tose enriched inulin (PRE, BeneoSynergy 1, ORAFTI, 
Tienen, Belgium) at the dose of 8% w/w of HFD. The 
isolation and characterization of probiotic strain Lac-
tobacillus plantarum LS/07 was reported by Strojný and 
coworkers (2014). Lactobacillus plantarum LS/07 was cul-
tured in MRS broth (Merck, Germany) prepared as night 
cultures at 37ºC aerobically and provided in a dose of 
3×109 CFU of strain/1 mL. Then 0.5 mL of lactobacilli 
strains mixed with 9 mL of pasteurized milk (0.5% fat, 
20–22ºC) was poured into bottles and administered daily. 
Each rat received approximately 1.5×109 CFU lactoba-
cilli via the oral route.

Bacteriological examination. Total counts of lacto-
bacilli and coliform in the caecal digesta samples were 
determined at the end of the experiment. Caecal digesta 
(1 g) were placed into a sterile polyethylene Stomacher 
Lab Blenders bag (Seward, France) with 9 mL of sterile 
0.9% NaCl and mixed in a BagMixer 400 (Interscience, 
France). A series of 10-fold dilutions (102 to 108) were 
made with the same sterile diluent. From each dilution, 
0.1 mL aliquots were spread on selective McConkey agar 
plates (Merck, Germany) for culturing of coliforms and 
Rogosa agar plates (Biokar Diagnostics, France) for cul-
turing of lactobacilli. The plates for lactobacilli culturing 
were maintained under anaerobic conditions (BD Gas-
Pak, Becton, Dickinson and Company, USA) and incu-
bated at 37ºC for 48 h. Plates used for coliform cultur-
ing were incubated aerobically at 37ºC for 16–18 h. The 
numbers of colony forming units (CFU) are expressed as 
log10 CFU per gram of caecal digesta.

Measurement of caecal β-glucuronidase activ-
ity. The measurement of β-glucuronidase (β-GLUCUR) 
activity in a fresh caecal digesta was described by Jusk-
iewicz and coworkers (Juskiewicz  et al., 2002). The 
reaction contained 0.3 mL substrate solution (5 mM, 
Sigma Aldrich, USA) p-nitrophenyl-β-d-glucuronide for 
β-glucuronidase (β-GLUCUR) and 0.2 mL of 1:10 (v/v) 
dilution of the caecal digesta in 100 mM phosphate buff-
er (pH 7.0). After incubation, p- or o-nitrophenol was 
quantified after adding 0.25 M cold sodium carbonate 
and the absorption was measured at 400 nm. The enzy-
matic activity is expressed as μmol of p-nitrophenol per 
minute per gram digesta.

Biochemical analysis. Serum and plasma were 
separated from blood by centrifugation at 2500 × g 
for 10 min, and heparin was used as an anticoagula-
tory agent in plasma. All samples were kept frozen at 
–80ºC until further analysis. Blood serum was used to 
determine total bile acid levels (TBA) using a commer-
cial kit (Trinity Biotech, Ireland). The blood plasma 

was used for determination of oxLDL with ELISA kit 
(USCN Life Science Inc., USA). Serum total cholesterol 
(TC), high density lipoproteins cholesterol (HDL-CH), 
and triglycerides (TG) levels were measured by using an 
automatic biochemical analytical system. Low density li-
poprotein (LDL-CH) was calculated by Friedewald for-
mula (Friedewald et al., 1972). The short chain fatty ac-
ids (SCFA) especially propionic, butyric and acetic acids 
were analyzed in the caecal digesta by using gas chroma-
tography (Hewlett Packard 6890 Plus, USA). Total SCFA 
were expressed in mmol/100 ml of wet caecal digesta.

Liver cholesterol and triglycerides. After eutha-
nasia, the liver was removed, rinsed with physiologi-
cal saline solution, blotted dry with filter paper, and 
weighed. For extraction of liver lipids according to the 
method by Folch and others (Folch et al., 1957), 0.5 g 
liver tissue was ground in 10 mL of Folch solution 
(chloroform:methanol = 2:1/24 hours). The homogenate 
was then filtered with Whatman number 2 filter paper. 
The organic layer was then evaporated under a nitrogen 
stream. The dried lipid layer was dissolved with 1 mL 
DMSO and then used to determine the TC and TG lev-
els by using commercial kits (Biovendor, Czech Repub-
lic).

Statistical analysis. Results are expressed as mean 
± standard deviation (S.D.). Statistical analysis was per-
formed using analysis of variance (ANOVA) to deter-
mine the significance. Value of P<0.05 was considered 
to be statistically significant.

RESULTS

The mean body weight of rats was 320.11±67.12 
g at the beginning of experiment and it increased to 
378.12±63.22 g at the end of the experiment. In the CG 
the mean body weight increased by 19.6%, in the HFD 
group by 21.5%, in the HFD+PRO group by 16%, and 
in the HFD+PRE group by 15.3% at the end of the ex-
periement, respectively. Average food consumption in 
the CG and the HFD groups was 18.75 g/day, but in 
HFD+PRO group and HFD+PRE group it was 20.55 
g/day and 19.79 g/day respectively. High fat diet sup-
plemented with PRO and PRE alleviated the weight gain 
of rats and had an impact on metabolic activities of mi-
crobiota as compared with HFD group.

 The total counts of coliforms and lactobacilli are 
presented in Table 1. The caecal total counts of lacto-
bacilli were lower in HFD group (P<0.05) than in CG. 
Lactobacillus plantarum LS/07 and inulin attached to the 
high fat diet significantly reduced the count of coli-
forms (P<0.001) and increased the count of lactobacilli 
(P<0.001) in comparison to HFD group.

The serum cholesterol, triglyceride, HDL-CH, and 
LDL-CH levels are summarized in Table 2. Cholesterol 
and LDL-CH levels were higher in rats on high fat diet 
(17% and 26% respectively) than in the CG. Compared 
to the HFD group, the HFD+PRO and HFD+PRE 
groups had significantly decreased TC values (P<0.001). 

Table 1. Lactobacilli and coliform total counts, β-glucuronidase activity in caecal digesta

Parameter  CG  HFD HFD+PRO HFD+PRE

β-GLUCUR µmol/min/g 0.28±0.11 0.41±012* 0.34±0.11 0.12±0.06+++

Lactobacilli log10CFU/g 9.05±0.45 8.65±0.26* 9.33±0.14+++ 9.28±0.29+++

Coliforms log10CFU/g 6.16±0.56 6.51±0.38 5.68±0.51++ 5.73±0.22+++

Data represent mean ± standard deviation. Statistical significance is between *CG/HFD and +HFD/HFD+PRE or HFD/HFD+PRO: *P<0.05; ++P<0.01; 
+++P<0.001



Vol. 67       549Dietary Lactobacillus plantarum LS/07 and inulin

In HFD+PRO group, a significant decrease in LDL-
CH level was noted (P<0.05). Levels of HDL-CH and 
TG were nonsignificantly decreased in HFD+PRO and 
HFD+PRE groups in comparison to the HFD group.

The changes in β-glucuronidase (β-GLUCUR) activity 
in CG and experimental groups are summarized in Table 
1. High fat diet (HFD group) increased β-GLUCUR ac-
tivity (P<0.05) as compared with CG. Lactobacillus plantar-
um LS/07 (HFD+PRO group) treatment nonsignificant-
ly, and inulin (HFD+PRE group) treatment significantly 
reduced (P<0.001) β-GLUCUR activity in comparison to 
the HFD group.

Total bile acids – TBA levels and oxLDL are shown 
in Table 3. Increased LDL-CH in HFD corresponded 
with elevated levels of oxLDL. Lactobacillus plantarum 
LS/07 and inulin significantly (P<0.001) suppressed lev-
els of oxLDL and TBA. Hepatic lipid content (TC and 
TG) was higher in the HFD group than in the CG (Ta-
ble 3).

Composition of SCFA in caecal digesta was reduced 
in the HFD group (Table 4). Lactobacillus plantarum LS/07 
and inulin increased acetic acid production (P<0.001 vs. 
P<0.01) and butyric acid production (P<0.05 vs. P<0.01) 
compared to the HFD group.

DISCUSSION

Epidemiological data indicate that nutrition is a major 
factor in the field of public health promotion as a pre-
ventive measure to correct disease risk. Chronic over-nu-
trition by unhealthy food, high in energy, high in fat and 
sugar, and low in natural polysaccharides is considered 
a key health risk factor in the development of chronic 
diseases, metabolic diseases, local and systemic inflam-

mation (Knudsen et al., 2018; Zhang et al., 2018). The 
latest characterization of the human microbiome and its 
effect on health has led to a dramatic conceptual shift in 
research into the role of bioactive substances – probiot-
ics and prebiotics in the diet. Changes in the composi-
tion of intestinal microbiota can be caused by a number 
of factors including changes in diet.

Probiotics, defined as microbial food supplements that 
beneficially affect the host by improving its intestinal 
microbial balance, have been used to change the com-
position of colonic microbiota, and selected biochemical 
parameters. Prebiotics are generally defined as “nondi-
gestible food components that are resistant to digestion 
in the upper gastrointestinal tract, pass into the colon in 
the unchanged state where they must be fermented by 
resident large intestinal microbiota, and beneficially affect 
the microflora of the host organism by selectively stimu-
lating the growth and/or activity of one or limited num-
ber of bacteria in the colon and thus improving the host 
health” (Gibson & Roberfroid, 1995). Among prebiotics 
the most important are oligosaccharides and galactooli-
gosaccharides, which are referred to as bifidogenic sub-
stances (bifidofactors) with reference to their ability to 
selectively promote the growth of Bifidobacterium spp. (B. 
longum, B. breve, B. pseudolongum, B. infantis, B. lactis) and 
Lactobacillus spp. (L. acidophilus, L. casei, L. reuteri, L. plan-
tarum), (Hijová et al., 2019).

Prebiotics, that have not been hydrolyzed in the small 
intestine, become available for the microbial community 
in the colon. One of the important health benefits of 
prebiotic polysaccharides in the diet is their ability to fer-
ment in the gut. The major end products of ferment-
ed polysaccharides produced by the gut microbiota are 
short chain fatty acids – SCFAs (e.g., acetate, propion-
ate, and butyrate) and gases (e.g., H2 and CO2). These 

Table 2. Lipid profil changes in blood serum of experimental groups

Parameter  CG  HFD  HFD+PRO HFD+PRE

TC mmol/L 1.90±0.51 2.31±0.65* 1.80±0.21+++ 1.84±0.30+++

LDL-CH mmol/L 0.61±0.10 0.82±0.38* 0.65±0.26+ 0.70±0.10

HDL-CH mmol/L 0.45±0.10 0.50±0.17 0.39±0.16 0.48±0.20

TG mmol/L 1.03±0.20 0.96±0.37 0.88±041 0.84±0.40

Data represent mean ± standard deviation. Statistical significance is between *CG/HFD and +HFD/HFD+PRE or HFD/HFD+PRO: */+P<0.05; +++P<0.001

Table 3. Total bile acids, ox-LDL, liver TC and liver TG in experimental groups.

Parameter  CG  HFD  HFD+PRO HFD+PRE

TCA μmol/L 20.85±5.21 22.38±5.20 13.00±4.37+++ 14.70±2.35+++

oxLDL ng/m/L 34.70±5.00 41.20±6.80* 28.00±1.10+++ 30.00±2.20+++

liver TC mg/g  6.54±1.28  7.33±2.58**  9.98±2.99++ 9.72±3.77++

liver TG mg/g 31.91±9.35 48.24±9.08** 21.37±5.56+++ 31.58±9.68+++

Data represent mean ± standard deviation. Statistical significance is between *CG/HFD and + HFD/HFD+PRE or HFD/HFD+PRO: *P<0.05; 
**/++P<0.01; +++P<0.001

Table 4. Composition of SCFA in caecal digesta of experimental groups

Parameter CG HFD HFD+PRO HFD+PRE

Acetate mmol/100L 12.90±1.82 10.81±1.58*** 12.10±1.55+++  11.76±1.67++

Propionate mmol/100L  3.32±0.33  2.51±0.42***  2.64±0.42  2.76±0.57+

Butyrate mmol/100L  2.95±0.43  2.34±0.56**  2.72±0.43  2.91±0.62+++

Data represent mean ± standard deviation. Statistical significance is between *CG/HFD and + HFD/HFD+PRE or HFD/HFD+PRO: +P<0.05; 
++/**P<0.01; +++/***P<0.001
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reactions occur with the use of the available substrates 
that express a cascade of metabolic functions related to 
host nutrition and health benefit (Hijová & Chmelárová, 
2007; Hijová, 2019). Butyrate is produced by endoge-
nous intestinal bacteria Faecalibacterium prausnitzii, Eubacte-
rium rectale, Roseburia spp., Eubacterium hallii, and Ruminococ-
cus bromii in human colon (Rios-Covián et al., 2016). Bu-
tyrate is mainly used by colonocytes as an energy source, 
exert strong anti-infective and anti-infammatory proper-
ties in the gut, and it is also able to prevent increases 
in body weight without altering food intake (Henagan 
et al., 2015). In our study, butyric acid production was 
increased in the HFD+PRO group (P<0.05) and in the 
HFD+PRE group (P<0.001) in comparison to the HFD 
group. It is possible, that supplementary high fat diet 
with PRO and PRE suppressed weight gain through bu-
tyric acid production. Propionate is dominated by rela-
tively few bacterial genera, among which Akkermansia 
municiphila is the most important one (Brusaferro et al., 
2018). High fat diet decreases the level of A. municiphila. 
Beneficial effect of A. municiphila on host physiology and 
microbiome composition, comes from the studies linking 
A. municiphila to metabolic disorders, such as diabetes 
and obesity (Everard et al., 2011; Ottman et al., 2017). 
Propionate has a protective effect in reducing the risk 
of cancer development and is associated with significant 
systemic metabolic effect, it is rapidly absorbed and can 
be found in the circulation, decreases serum choles-
terol and liver lipogenesis (Hosseini et al., 2011). Large 
amount of acetic acid production can be beneficial as it 
is associated with the reduction of lipid accumulation in 
adipose tissue, protection against the accumulation of fat 
in the liver (Everard et al., 2014). Increased production 
of acetic acid in the HFD+PRO group (P<0.001) and in 
the HFD+PRE group (P<0.01) did not prevent from el-
evated level of total cholesterol in liver (P<0.01) but had 
hypocholesterolemic effect in blood of rats (P<0.001).

High fat diet modulates gut microbiota and plasma 
concentration of lipoplysaccharides, that is, metabolic 
endotoxemia. Our data demonstrate that high fat diet is 
accompanied by the significant reduction in counts of 
lactobacilli (P<0.05). Due to these changes, eating a high 
fat diet (HFD group) and lower counts of lactobacilli 
influenced the intestinal microbiota composition and 
metabolic processes in the caecum content, resulting in 
an increased activity of β-glucuronidase (P<0.05). Many 
studies have reported hypolipidemic and antiobesity ef-
fects of bacterial species that mainly belong to the gen-
era Lactobacillus and Bifidobacterium and are currently of 
commercial interest as probiotics (Yin et al., 2010; Wang 
et al., 2012). The possible mechanisms of probiotic in-
volved in the hypolipidemic effect may be as folows: a) 
the assimilation of cholesterol by bacterial growing cells; 
b) the binding of cholesterol to the bacterial cellular 
surface, thereby inhibiting the absorption of cholesterol 
back into the body; c) the deconjugation of bile acids 
by bacterial acid hydrolyses, inreasing cholesterol excre-
tion of deconjugated bile salts, and increasing cholesterol 
uptake and metabolism in the liver as compensatory re-
sponse because bile acids are synthesized from choles-
terol in the liver; d) inhibition of hepatic cholesterol and 
triglyceride synthesis through the action of short chain 
fatty acids, especially propionic acid. Caecal and hepatic 
lipid contents were higher in high fat diet group than in 
the experimental groups receiving probiotic or prebiotic 
(HFD+PRO group, HFD+PRE group). This suggests 
that the hypolipidemic effect is caused by decrease of 
lipid absorption because of the Lactobacillus plantarum 
LS/07 and increase in lipid catabolism because of inulin.

These data show that administration of Lactobacillus 
plantarum LS/07 and inulin plays an important role in 
the treatment of risk factors for chronic diseases. Action 
of probiotics and prebiotics through the modulation of 
intestinal microbiota point out that gut microbiota can 
be considered as a possible modifiable risk factor in the 
development of chronic diseases.
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