
1015 
Journal of Applied Sciences Research, 9(1): 1015-1020, 2013 
ISSN 1819-544X 
This is a refereed journal and all articles are professionally screened and reviewed 

 

ORIGINAL ARTICLES 
 

Corresponding Author: Amr A. El-Waseif, Botany and Microbiology Department, Faculty of Science (Boys); Al-Azhar 
University, Cairo, Egypt. 

  E-mail: Amrelwaseif@yahoo.com 

Hypolipidemic Activity of the Probiotic Lactobacillus plantarum NRRL B-4496 and 
their Prebiotic Exopolysaccharide In Vitro and In Vivo 
 
1Bakry M. Haroun, 1Bahgat M. Refaat, 1Amr A. El-Waseif, 2Hassaan A. El- Menoufy, 2Hala A. Amin  
 
1Botany and Microbiology Dept., Faculty of Science (Boys), Al-Azhar University, Cairo, Egypt. 
2Chemistry of Natural and Microbial products Dept., National Research Center, Dokki, Egypt. 
 
ABSTRACT  
 
 The probiotic Lactobacillus plantarum NRRL B-4496 was studied to determine their ability to remove 
cholesterol in vitro under conditions that mimic the human gastrointestinal tract. The cholesterol removal 
without degrading from MRS liquid supplemented with 0.5 % sodium thioglycholate as a bile salt at 30°C after 
24 h incubation was observed. The results revealed that the rapid cholesterol removal achieved during 12 to 18 h 
of incubation corresponded to its exponential growth phase. The maximum level of cholesterol that 
Lactobacillus plantarum NRRL B-4496 can be removed in presence of cholic acid was 695 μg/ml by cell dry 
weight3.82 g/l. Additionally, the effect of oral administration of the probiotic Lactobacillus plantarum NRRL 
B-4496 on serum cholesterol, triglyceride, low and high density lipoprotein levels and its application in the 
therapeutic treatment of hyperlipidemia was assessed. The results indicate that the probiotic Lactobacillus 
plantarum NRRL B-4496 has potential significant serum lipids lowering property and oral administration of this 
microorganism is an alternative pharmacological approach to reduce serum lipid levels.  
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Introduction 
 
 Probiotics have been defined as “live microbial food supplements which beneficially affect the host by 
improving the intestinal microflora balance” (Mishra et al., 2012), or more broadly as “living microorganisms, 
which upon ingestion exert health benefits beyond inherent general nutrition”. Prebiotics have been defined as a 
non digestible food ingredient that beneficially affects the host by selectively stimulating the growth and/or the 
activity of one or a limited number of bacteria in the colon, and thus improves host health (Mishra et al., 2012). 
Probiotic benefits include: Increased resistance to infectious diseases, particularly of the intestine, decreased 
duration of diarrhea, reduction in blood pressure, reduction in serum cholesterol concentration, reduction in 
allergy, stimulation of phagocytosis by peripheral blood leucocytes, modulation of cytokine gene expression, 
regression of tumors and reduction in carcinogen or co-carcinogen production (Jamila et al., 2011). 
 Cholesterol plays a major role in human heart health. Cholesterol can be both good and bad. High-density 
lipoprotein (HDL) is good cholesterol and low-density lipoprotein (LDL) is bad cholesterol. Excess cholesterol 
in the bloodstream can form plaque (a thick, hard deposit) in artery walls. The cholesterol or plaque build-up 
causes arteries to become thicker, harder and less flexible, slowing down and sometimes blocking blood flow to 
the heart. When blood flow is restricted, angina (chest pain) can result. A heart attack will result when blood 
flow to the heart is severely impaired and a clot stops blood flow completely. When there is too much LDL 
cholesterol in the blood, it is deposited inside the blood vessels, where it can build up to hard deposits and cause 
atherosclerosis, the disease process that underlies heart attacks (Ma,  2006). 
 Hyperlipidemia is an elevation of lipids (fats) in the bloodstream. These lipids include cholesterol, 
cholesterol esters (compounds), phospholipids and triglycerides. They're transported in the blood as part of 
lipoproteins. These are the five major families of blood (plasma) lipoproteins: (1) chylomicrons, (2) very low-
density lipoproteins (VLDL), (3) intermediate-density lipoproteins (IDL), (4) low-density lipoproteins (LDL), 
(5) high-density lipoproteins (HDL). When hyperlipidemia is defined in terms of class or classes of elevated 
plasma lipoproteins, the term hyperlipoproteinemia is used (De Jongh et al., 2002). 
 Intestinal bacteria convert cholesterol into a less absorbable form coprostanol thus hampering its absorption 
from the intestinal tract (Fazeli et al., 2010). Lactic acid bacteria in intestine have the cholesterol lowering effect 
(Pereira and Gibon., 2002). Some oral bacteria such as Lactobacillus acidophilus have been commercial 
available for the cholesterol lowering. Feeding friendly bacteria can do: (1) reduce the growth of unfriendly 
bacteria, (2) maintain regular bowel movements, (3) maintain cholesterol and triglyceride levels, (4) maintain 
healthy blood sugar levels (Fazeli et al., 2010). 



1016 
J. Appl. Sci. Res., 9(1): 1015-1020, 2013 

 

 Homopolysaccharides are a group of polysaccharides composed of one monosaccharide type. Several 
species of lactic acid bacteria are able to utilize sucrose as a specific substrate to produce exopolysaccharide 
(EPS) (Yang, 2000). Although milk fermented with an EPS-producing strain Lactobacillus. lactis spp. cremoris 
SBT0495 had cholesterol lowering activity, the mechanism is unknown (Salminen et al. 1998). 
 The aim of this study was focus on the therapeutic action of the probiotic Lactobacillus plantarum NRRL 
B- 4496 and their prebiotic EPS to removal or reduced the lipid level in both of culture media (in vitro) and 
hyperlipidemia rats (in vivo). 
 
Materials and Methods 
 
Probiotic bacteria and culture conditions: 
 
 Bacterial strain Lactobacillus plantarum NRRL B- 4496 was selected from Agricultural Research Service 
culture collection (house research arm of the U.S. Department of Agriculture). The strain was subcultured in 10 
ml of MRS broth (Fluka No. 93780) (De Man et al., 1960) and incubated aerobically at 30 °C for 72 h. The 
culture was propagated for exopolysaccharide production in growth medium MRS broth at 30°C for 24 h. 
 
Isolation and purification of EPS: 
 
 The EPS was isolated and purified according to Cerning et al., 1994 with some modification. The growth 
cultures were heated at 100 °C for 5 min to inactivate enzymes potentially capable of polymer degradation and 
the cells were removed by centrifugation at 8000 rpm for 5 min at 4 °C. The EPS was precipitated using 2 vols. 
of absolute ethanol. After standing overnight at 4 °C, the resultant precipitate was collected by centrifugation at 
8000 rpm for 20 min. The EPS was dissolved in deionized water, dialyzed against deionized water at 4 °C for 24 
h and freeze-dried. The freeze-dried powder was dissolved in 10% (w/v) trichloroacetic acid to remove proteins. 
The supernatant was dialyzed at 4 °C against deionized water for 5 days and freeze-dried. These preparations 
were referred to as purified EPS and were stored at 4 °C. 
 
Removal of cholesterol from culture media (in vitro): 
 
 Freshly prepared MRS liquid was supplemented with 0.5 % sodium thioglycholate as a bile salt. Ethanol-
soluble cholesterol added to the liquid at a final concentration of 100 μg/ml, inoculated with Lactobacillus 
plantarum NRRL B- 4496 then incubated at 30°C for 24 h. After the incubation period, cells were centrifuged 
and the remaining cholesterol concentration in the broth was determined using a modified colorimetric method 
as described by Rudel and Morris, 1974. One milliliter of the aliquot was added with 1 ml of KOH (33% wt/vol) 
and 2 ml of absolute ethanol, vortexed for 1 min, and heated at 37°C for 15 min. After cooling, 2 ml of distilled 
water and 3 ml of hexane were added and vortexed for 1 min. One milliliter of the hexane layer was transferred 
into a glass tube and evaporated under nitrogen. The residue was immediately dissolved in 2 ml of o-
phthalaldehyde reagent. After complete mixing, 0.5 ml of concentrated sulfuric acid was added and the mixture 
was vortexed for 1 min. Absorbance was read at 550 nm after 10 min. 
 
Animals and experimental design (in vivo):  
 
 Fifteen male rats weighting between 150 and 170 g (16-17 week old) were kept in separate cylindrical 
plastic wire cages and were supplied with pellet food and drinking water. The animals were housed in a well 
ventilated 12 h light and dark cycle with a temperature of 24 ± 1°C.  
 The animals were divided into five equal groups: group 1, normal as positive control, groups 2, 3, 4, and 5 
feeding diet supplemented with margarine (rich with saturated fatty acid) for two weeks. Group 2, do not up 
take any treatment act as negative control. Group 3, treated with prebiotic EPS which produced from probiotic 
Lactobacillus plantarum NRRL B-4496 (once a day 20 mg/kg body weight) orally through gastric tube for two 
weeks. Group 4, treated with probiotic Lactobacillus plantarum NRRL B-4496 (once a day 20 mg/kg body 
weight) orally through gastric tube for two weeks. Group 5, like group 4 but taken treatment a week before 
feeding margarine. The time of the experimental design was three weeks.   
 
Blood sampling:  
 
 Blood was collected after 1st week from group 1 and 5, then from all groups every week. Moreover, blood 
was taken at 2nd and 3rd week from eyes of all groups. Serum was separated and kept in freezer till the time of 
assay.  
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Biochemical analysis:  
 
 The following analyses were carried out: Cholesterol, Triglycerides, Low and high density lipoprotein using 
kits from Bio Merieux, France.  
 
Statistical analysis: 
 
 The statistical analysis was performed by the SPSS (Version, 12.0). In rats group treated with difference 
treatments, Person’s correlation was used to determine any significant difference between the cholesterol, 
triglyceride, LDL, HDL and body weight of the rats. The significance was determined at α= 0.01/0.05 level. If 
the significant differences were obtained among the treatment means (P ≤ 0.01/0.05), then the means were 
differentiated using the least square mean test at α ≤ 0.01/0.05. 
 
Results and Discussion 
 
In vitro removal of cholesterol using Lactobacillus plantarum NRRL B-4496: 
 
a- Removal of cholesterol during growth curve of Lactobacillus plantarum NRRL B-4496 in virto: 
 
 Lactobacillus plantarum NRRL B-4496 growth curve and removal of cholesterol during incubation at 30°C 
for 24 h in presence of cholic acid derivative was estimated (Fig. 1). Results revealed that the manner of 
cholesterol removal by Lactobacillus plantarum NRRL B-4496 corresponded to the manner of its growth. The 
rapid cholesterol removal by Lactobacillus plantarum NRRL B-4496 achieved during 12 to 18 h of incubation 
corresponded to its exponential growth phase. The maximum cholesterol removal rate observed at 6.03 % per 
hour, these data indicates that cholesterol removal was a result of the growth of Lactobacillus plantarum NRRL 
B-4496 in broth containing cholesterol. Similar results were obtained by Kimoto et al., 2002 who reported that 
the optimum incubation time for removal cholesterol from broth media was during 12 to 18 h.  
 In the presence of cholesterol, Lactobacillus plantarum NRRL B-4496 reached a higher cell density than in 
its absence. In fact, the dry weight of the cells (CDW) growing in the absence and presence of cholesterol was 
2.01 and 2.90 g/l, respectively. The growth rate of Lactobacillus plantarum NRRL B-4496 growing in the 
presence of cholesterol was slightly higher than that in the absence. 
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Fig. 1: Cholesterol removal during growth curve of Lactobacillus plantarum NRRL B-4496. 
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b- Estimation of cholesterol removal level by Lactobacillus plantarum NRRL B-4496 from MRS broth: 
 
 The maximum level of cholesterol that Lactobacillus plantarum NRRL B-4496 can be removed from MRS 
broth media in the presence of sodium thioglycholate at 30 ºC after 24 incubation was assayed from range 
between 100 to 1000 μg/ml. 
 Result revealed that in general, Lactobacillus plantarum NRRL B-4496 assimilated more cholesterol in the 
concentration lower than 600 μg/ml compared with higher concentration. Also, results indicated that 
Lactobacillus plantarum NRRL B-4496 in concentration above 600 μg/ml decreased the amount of cholesterol 
could be assimilated as indicated in Fig. 2. Actually, until 695 μg/ml cholesterol concentration the assimilation 
activity about 92% (554 from 600 μg/ml) of total cholesterol but, above 695 μg/ml cholesterol concentration the 
assimilation activity decrease to recorded 40% (407 from 1000 μg/ml) of total cholesterol.  
 On the other hand, the increase in cholesterol concentration in MRS broth in the presence of cholic acid 
derivative increases the biomass of Lactobacillus plantarum NRRL B-4496 to 3.82 g/l. Cholesterol removal 
may be influenced by biomass levels that were not identical in the various treatments. Cholesterol removal 
patterns and growth curves indicated that cholesterol removal was growth-associated.  
 Based on Lye et al., 2010 results Lactobacilli were able to remove or reduce the concentration of 
cholesterol in vitro through different mechanisms there were five possible mechanisms for the removal of 
cholesterol from media, namely assimilation of cholesterol during growth, binding of cholesterol to cellular 
surface, disruption of cholesterol micelle, deconjugation of bile salt and (bile salt hydrolase enzyme) BSH 
activity. Therefore, the strains studied could be used as potential health adjunct cultures in fermented dairy 
products to provide additional nutraceutical benefits. 
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Fig. 2: Determination of cholesterol removal level from MRS broth media. 
 
In vivo evaluation of hypolipidimic activity: 
 
 High level of serum cholesterol has been associated with risks of coronary heart disease. The use of 
probiotic bacteria in reducing serum cholesterol levels has attracted much attention. Probiotic bacteria are 
mostly delivered in a food system and must be acid and bile tolerant to survive in the human gastrointestinal 
tract. The time from entrance to release from the stomach has been estimated to be approximately 90 min, with 
further digestive processes requiring longer residence time (Kimoto et al., 2002). Stresses to organisms begin in 
the stomach, with pH between 1.5 and 3.0, and in the upper intestine that contains bile. Survival at pH 3.0 for 2 
h and at a bile concentration of 1000 mg/l is considered optimal acid and bile tolerance for probiotic strains 
(Liong and Shah., 2005). 
 Oral administration of Lactobacillus plantarum NRRL B-4496 lowered total serum cholesterol levels in rats 
without any pathogenic side effects and no significant differences in body weight, food intake or visceral weight 
index or differences in behavior between the groups were noted. 



1019 
J. Appl. Sci. Res., 9(1): 1015-1020, 2013 

 

 The results of lipid profile after the second week revealed that the lowering in the total cholesterol, 
triglyceride, LDL and HDL levels are observed in all treated groups 3, 4 and 5 compared with negative control 
group 2, which not treated. The significant change (P<0.05) noted in total cholesterol and triglyceride for all 
treated groups, if compared with group 2 (Table 2).  
 Biochemical analysis of lipid profile after the third week indicated that the lowering in the total cholesterol, 
triglyceride, LDL and HDL levels are observed in all treated groups 3, 4 and 5 compared with negative control 
group 2, which not treated. The significant change (P<0.05) noted in triglyceride and LDL for all treated groups, 
if compared with group 2 (Table 3). 
 Similar results were obtained by Nguyen et al., 2007 who reported that the Lactobacillus plantarum PH04 
was fed to hypercholesterolemic mice at numbers of 107 CFU per mouse per day for 14 days. Compared with a 
control group, the serum cholesterol and triglycerides were respectively 7 and 10% lower in the group fed 
Lactobacillus plantarum PH04, and fecal lactic acid bacteria increased while no any significant differences in 
body weight, visceral weigh index or bacteria translocation between two groups were observed. The results 
indicated that Lactobacillus plantarum PH04 might be effective as a probiotic with cholesterol-lowering 
activities. 
 The results of this study indicate that Lactobacillus plantarum NRRL B-4496 is a safe probiotic with the 
potential to reduce serum cholesterol, triglyceride, LDL and HDL levels. Further studies will be required to 
determine the mechanism underlying the cholesterol-lowering effect. It will also be necessary to test more 
animals, using varying doses of bacteria over longer times, to assess the long-term probiotic potential of 
Lactobacillus plantarum NRRL B-4496. 
 
Table 1: The levels of cholesterol, triglyceride, LDL and HDL (mg/dl) in serum after 1st week.  

Groups Means and standard deviation of Lipid profile analysis (mg/dl) 
Chol Trig LDL HDL 

Group 1 80± 4.51 70± 8.50 13± 1.00 61± 2.00 
Group 5 82± 3.51 100± 2.01 16± 1.52 57± 2.00 

 
Table 2: The levels of cholesterol, triglyceride, LDL and HDL (mg/dl) in serum after 2nd week. 

Groups Means and standard deviation of Lipid profile analysis (mg/dl) 
Chol Trig LDL HDL 

Group 1 75± 4.51 81±1.50 10± 2.52 57± 3.51 
Group 2 94± 11.50 501± 11.50 17± 1.00 49± 1.53 
Group 3 85± 5.03 292±2.00 15±2.00 52±8.00 
Group 4 76± 1.00 113± 3.50 11± 0.58 32± 6.00 
Group 5 75± 4.51 183± 3.00 12± 1.53 43± 2.51 

 
Table 3: The levels of cholesterol, triglyceride, LDL and HDL (mg/dl) in serum after 3rd week. 

Groups Means and standard deviation of Lipid profile analysis (mg/dl) 
Chol Trig LDL HDL 

Group 1 73± 6.04 110± 0.13 13± 1.53 54± 4.53 
Group 2 87± 3.06 286± 2.00 16± 1.52 53± 5.03 
Group 3 84± 1.00 183± 8.03 15± 4.04 49± 1.58 
Group 4 75± 6.66 161± 3.50 14± 1.00 43± 4.16 
Group 5 79± 1.36 115± 8.50 13± 1.00 50± 1.69 

 
Table 4: Means of body weights of rats (g) for all groups at the end of every week. 

Groups Means of rats body weight (g/rat) 
0 time 1st week 2nd week 3rd week 

Group 1 160 160 210 260 
Group 2 160 160 210 250 
Group 3 160 160 230 250 
Group 4 160 160 240 260 
Group 5 160 200 240 260 

 

References 
 
Cerning, J., C.M.G.C. Renard, J.F. Thibault, C. Bouillanne, M. Landon, M. Desmazeaud and L. Topisirovic, 

1994. Carbon source requirements for exopolysaccharide production by Lactobacillus casei CG11 and 
partial structure analysis of the polymer. Applied Environmental Microbiology, 60: 3914-3919. 

De Jongh, S., L. Ose, T. Szamosi, C. Gagne, M. Lambert, R. Scott, P. Perron, D. Dobbelaere, M. Saborio, M.B. 
Tuohy, M. Stepanavage, A. Sapre, B. Gumbiner, M. Mercuri, A.S. Van Trotsenburg, H.D. Bakker, and J.J. 
Kastelein, 2002. Efficacy and Safety of Statin Therapy in Children With Familial Hypercholesterolemia: A 
Randomized, Double-Blind, Placebo-Controlled Trial With Simvastatin. Circulation; 106: 2231-7.  

De Man, J.C., M. Rogosa, and E. Sharpe, 1960. A medium for the cultivation of Lactobacilli. J. Appl. Bacteriol., 
23:130-135. 



1020 
J. Appl. Sci. Res., 9(1): 1015-1020, 2013 

 

Fazeli, H., J. Moshtaghian, M. Mirlohi, and M. Shirzadi, 2010. Reduction in serum lipid parameters by 
incorporation of a native strain of Lactobacillus Plantarum A7 in Mice. Iranian Journal of Diabetes and 
Lipid Disorders, 9: 1-7. 

Jamila, K. A., B. Odhav, and K. S. Babu Naidu, 2011. Probiotics: Recent Understandings and Biomedical 
Applications. Current Trends in Biotechnology and Pharmacy, 6 (1): 1-14. 

Kimoto, H., S. Ohmomo, and T. Okamoto, 2002. Cholesterol Removal from Media by Lactococci. American 
Dairy Science Association, 85: 3182–3188. 

Liong, M. T., and N. P. Shah, 2005. Acid and Bile Tolerance and Cholesterol Removal Ability of Lactobacilli 
Strains.  American Dairy Science Association, 88: 55–66. 

Lye, H., G. R. Rahmat-Ali, and M. Liong, 2010.  Mechanisms of cholesterol removal by lactobacilli under 
conditions that mimic the human gastrointestinal tract. International Dairy Journal 20: 169–175. 

Ma, H., 2006. Cholesterol and Human Health. The Journal of American Science, 2 (1): 46-50. 
Mishra, S. K., P. Mishra and M. Saxena, 2012. Probiotics: An Approach for Better Treatment. Research Journal 

of Pharmaceutical, Biological and Chemical Sciences, 3: 1042. 
Nguyen, T.D.T., J.H. Kang, and M.S. Lee, 2007. Characterization of Lactobacillus plantarum PH04, a potential 

probiotic bacterium with cholesterol-lowering effects, International Journal of Food Microbiology, 113: 
358–361. 

Pereira, D.I., and G.R. Gibson, 2002. Cholesterol assimilation by lactic acid bacteria and Bifidobacteria isolated 
from the human gut. Appl Environ Microbiol, 68: 4689-93.  

Rudel, L. L. and M. D. Morris, 1974. Notes on Methodology. Journal of Lipid Research 14: 364-366.  
Salminen, S., M.A. Deighton, Y. Benno, and S.L. Gorbach, 1998. Lactic acid bacteria in health and disease. In: 

Lactic Acid Bacteria: Microbiology and Functional Aspects, 2nd edition: 343-358. 
Yang, Z., 2000. Antimicrobial Compounds and Extracellular Polysaccharides Produced By Lactic Acid 

Bacteria: Structures And Properties (thesis). Department of Food Technology, University of Helsinki. 
 


