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Introduction 
The human gastrointestinal tract (GIT) is colonized by a diverse 

and complex collection of bacterial species; it is estimated that the colon 
contains around 70% of all the microorganisms in the human body [1], 
forming a balanced and dynamic ecosystem that plays an important role 
in various human body functions. An imbalance in the composition 
of intestinal bacteria is associated with a variety of diseases such as 
dysbiosis, colon cancer and hypercholesterolemia, among others [2]. 
The gastrointestinal tract contains native microorganisms that positively 
influence health. The majority of these microorganisms belong to the 
group of lactic acid bacteria (BAL) that includes the bacterial genera 
Streptococcus, Enterococcus, Leuconostoc, Pediococcus, Lactococcus, 
Lactobacillus and others within the order of Lactobacillales, such as 
the genus Bifidobacterium [3]. At the beginning of the 20th century, Ely 
Metchnikoff proposed various theories about the positive health effects 
of the consumption of Lactobacillus; these theories are still accepted 
and have contributed to the conviction that these bacteria perform a 
very important function. A study by Marteau et al. 2001 reported that 
Lactobacillus-Enterococcus comprise 6.6% of the bacterial population 
in feces [4]. It has also been reported that Enterococcus, which has 
been part of gut microbiomes since at least the early Devonian period, 
comprises a little less than 1% of the human gastrointestinal microbiota 
[5]. Although various strains of this genus have been associated with 
infections, others have been found to have beneficial health effects 
on the host, and have even been used as probiotics [6]; however, the 
probiotic effects of this genus have been little studied compared to 
Lactobacillus. In vivo and in vitro studies of various strains of both 
genera have shown their potential to reduce cholesterol, alone or in 
combination with other strains [7]. Various mechanisms have been 

proposed to explain this beneficial activity, all of them associated with 
the metabolism of the bacteria, such as hydrolase secretion, which has 
been related to the removal of cholesterol through the hydrolysis of 
amide bonds and the releases of bile salts [8], since poorly water soluble 
bile salts precipitate at low pH, and this is related to the co-precipitation 
of cholesterol; however, not all the cholesterol precipitates, and a part 
of it may remain bound to the surface of the bacterial cell [9]. Other 
mechanisms involve the conversion of cholesterol to coprostanol in the 
intestine, which is later excreted in the feces, reducing the quantity of 
cholesterol available to be absorbed by the intestine [10]. Cholesterol 
can also be used as a substrate for the synthesis of new bile acids in a 
homeostatic response, resulting in the reduction of steric cholesterol 
[11]. However, most of the information about these mechanisms 
corresponds to strains of Lactobacillus and Bifidobacterium, while 
there is little information regarding the cholesterol reducing capacity 
of Enterococcus strains and the mechanisms involved [12,13]. It is 
important to study the behavior of strains native to the gastrointestinal 
tract in order to establish preventive strategies for hyper-cholesterolemia 
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Abstract
There have been reports of an association between an imbalance of gastrointestinal microbiota and several kinds 

of diseases, mainly metabolic diseases. Lactobacillus and Enterococcus are two genera that form part of the native 
gastrointestinal microbiota. In this work, we isolated, identified and characterized 26 strains of Lactobacillus and 23 strains 
of Enterococcus from the feces of normo and hypercholesterolemic humans. We compared the behavior exhibited by all 
strains at acid pH and in presence of bile salts, their sensitivity to antibiotics, and their ability to hydrolyze bile salts and 
to reduce cholesterol in vitro. The highest percentage of all isolated and characterized Lactobacillus strains was from the 
normocolesterolemic group; in the hypercholesterolemic group, most strains belonged to the Enterococcus genus. The 
Lactobacillus strains showed greater capacity to reduce cholesterol levels; although this capacity has been related to 
bile salt hydrolase activity, four of the strains we isolated showed no such activity, but still reduced cholesterol. All strains 
of both genera isolated from normocholesterolemic participants showed a highest rate of cholesterol reduction than 
those isolated from hypercholesterolemic participants. Furthermore, the Lactobacillus strains showed greater resistance 
at pH 2.0, while strains of both genera showed similar survival rates at pH 3.0 and in the presence of bile salts after 24 
h. These results support the evidence that a microbial imbalance involving the depletion of beneficial bacteria could be
detrimental to the health of the host. 
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and associated diseases. Statins are generally the most effective drug for 
controlling high cholesterol levels and preventing disorders related to 
atherosclerosis [14]; however, although recent studies have shown an 
increase in the number of patients who consume statins, the number 
of cases of intolerance or lack of response to statins has also increased 
[15]. Moreover, statins have been recently considered as a risk factor in 
the development of liver cancer [16]. The high cost of the drugs, as well 
as the little willingness to follow a diet and exercise plan, are limiting 
factors for the effectiveness of pharmacological therapy, which is why 
the manipulation of the intestinal microbiota has been considered as 
a good alternative for cholesterol control. It is therefore necessary to 
study the functional capacity of the native microbiota and its potential 
contribution to human health. 

Material and Methods
Participants

A total of 65 adult volunteers participated in the study; the age 
range was 18-58 years. We determined the general characteristics of 
the participants, such as age, sex, body mass index, physical activity, 
and nutrient consumption; we also determined their glucose and blood 
cholesterol levels. The participants were asked to avoid consuming 
fermented foods for at least one week prior to the collection of the 
fecal sample and isolation of bacteria; they were also asked not to take 
any antibiotics or anti-inflammatory drugs for one month prior to the 
study, and to confirm that they did not suffer from any gastrointestinal 
condition. This study was conducted following the Guidelines for Good 
Clinical Practice and the Helsinki declaration; informed consent was 
obtained from all individual participants included in the study. 

Nutritional and physical activity assessment
A previously validated semi-quantitative food frequency 

questionnaire (FFQ) was used to evaluate dietary intake. This 
questionnaire included data regarding the consumption of 116 food 
items. A commonly used portion size was specified for each food (e.g. 
1 slice of bread or 1 cup of coffee) in the FFQ and the participants 
reported their frequency of consumption of each food over the previous 
year. The participants chose from 10 possible responses, ranging from 
“never” to “6 or more times per day.” For our analysis, the reported 
frequency for each food item was converted into daily intake values. 
Total energy intake was computed by summing the energy intake from 
all foods. The PA level of the participants was assessed using a validated 
Spanish version of a self-administered questionnaire [17] adapted for 
use in the Mexican population.

Isolation of lactic acid bacteria
Serial dilution techniques were used to isolate the bacteria. Each 

sample suspension was prepared by adding 1 g of feces to 9 ml of 
peptone water; the fecal matter was then suspended by vigorous stirring 
in a vortex for at least 1 min. Serial dilutions were conducted to obtain 
concentrations of 10-4 and 10-5, which were spread on MRS agar plates; 
the plates were then incubated at 37°C for 48-72 h in anaerobiosis. 
After the growth of microorganisms, pure cultures of bacteria were 
subcultured in MRS agar and incubated at 37°C to promote vigorous 
growth. We observed the appearance of colonial growth, the reaction to 
the Gram stain and the microscopic cellular morphology; we confirmed 
the absence of spores by staining with malachite and through the use of 
standard biochemical tests (oxidase and catalase). 

Susceptibility to antibiotics

We used the disc diffusion method to evaluate the behavior of the 

studied strains in the presence of the following antibiotics: Ampicillin 
(10 μg), Gentamicin (10 μg), Kanamycin (30 μg), Erythromycin (15 
μg), Clindamycin (2 μg), Tetracycline (30 μg), Chloramphenicol (30 
μg), Streptomycin (10 μg), and Neomycin (30 μg). The concentrations 
of each antibiotic were determined according to the guidelines of the 
Clinical and Laboratory Standards Institute [18]. The turbidity of 
cultures after 24 h of incubation was adjusted to obtain a concentration 
of 1.5 x 108 UFC ml-1 on the McFarland scale. After adjusting the 
concentrations, the MRS agar plates were inoculated with the bacteria 
and the antibiotic discs were placed on each plate. After 20 h of 
incubation, the halos of inhibition were measured and reported in mm. 
The results were interpreted as Sensitive (S), Intermediate Sensitivity (I) 
or Resistant (R) [18].

Tolerance to acid pH and bile salts (0.3% w/v)

Three different types of MRS broth were prepared; two with 6M 
HCl, one adjusted at pH 2.0 and the other at pH 3.0; the third had MRS 
and bile salts (0.3% w/v) and was adjusted at pH 6.5. Fresh cultures of 
each strain were used to inoculate each of the three broths mentioned 
above, using normal MRS broth as control. The inoculated media were 
incubated at 37°C in anaerobiosis; aliquots were taken at specific time 
intervals to inoculate MRS agar plates. From cultures at pH 2.0, aliquots 
were taken at 0, 0.5, 1.5, 3, and 24 h; from the cultures at pH 3.0 and 
cultures with bile salts (3.0%), aliquots were taken at 0, 3, and 24 h. All 
control strains were inoculated at the same time. The inoculated plates 
were incubated at 37°C for 24 h in anaerobiosis. The survival rate in 
each type of broth was calculated as the base 10 logarithm of UFC ml-1 
and reported as percentage [19].

Hydrolase activity (Bile salt hydrolysis)

We determined the bile salt hydrolase activity (BSH) of the strains 
using MRS agar supplemented with sodium thioglycolate (0.2%) and 
taurocholic acid (0.2%). To do this, assay filter paper discs (6 mm in 
diameter) were inoculated with fresh culture of the corresponding 
strains. The disks were placed on the MRS agar plates supplemented 
with bile salts; the plates were then incubated at 37°C for 20-24 h in 
anaerobiosis. Hydrolase activity was reported as positive when a 
precipitate was observed in the middle and around the inoculated discs. 
The precipitate was cholic acid generated by the enzyme. 

In vitro cholesterol reduction

We prepared MRS broth supplemented with cholesterol at a final 
concentration of 100 μg ml-1. This medium was inoculated with 1% of 
fresh culture of each strain; the inoculums were incubated at 37°C for 
20 h in anaerobiosis. Uninoculated sterile broth was also analyzed as 
negative control. After the incubation period, the cells were removed 
from the medium by centrifugation (10,000 × g for 15 min), and the 
supernatant was recovered to determine residual cholesterol using 
a colorimetric method. The percentage of cholesterol reduction was 
calculated using the following formula:

100 100% .BReduction
C

= −

Where, B: Absorbance of MRS-cholesterol from removed cells; C: 
Absorbance of MRS-cholesterol from uninoculated broth.

Molecular identification

The extraction of genomic DNA was performed from pure cultures 
after 24 h of incubation, using a commercial kit (Purelink genomic 
DNA Kit, Invitrogen, CA, USA). The extracted DNA was used as a 
template for the partial amplification of the 16S rRNA gene using the 
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primers forward 5´-AGAGTTTGATCCTGGCTCAG-3´ and reverse 
5´-AAGGAGGTGATCCAGCCGCA-3´ [20]. The PCR products were 
visualized on agarose gels stained with Ethidium bromide (0. 5 μg ml-

1). The PCR products were purified using a commercial kit (PureLink 
PCR purification kit, Invitrogen, CA, USA) and then sent to the 
IPICYT, A.C. San Luis Potosi, Mexico, for sequencing. The sequence 
analysis was carried out using the Basic Local Alignment Search Tools 
(BLAST) from the database of the National Center for Biotechnology 
Information (NCBI).

Statistical analysis 

All experiments were performed in triplicate and the results are 
shown as mean ± SD; p<0.05 was considered statistically significant. 

Results and Discussion
The 65 participants had normal glucose levels; of them, 25 had high 

cholesterol levels (≥ 200 mg dl-1= hypercholesterolemic group, HC) and 
40 had normal cholesterol levels (< 200 mg dl-1=normocholesterolemic 
group, NC). As is known, the intestinal microbiota seems to have a 
clear role in human health [3], and the diet is considered an important 
factor in its modulation; we didn´t find any significant difference in the 
nutritional and physical activity profile between the study groups. The 
body mass index (BMI) tended to be higher in the HC group, in which 
84% of the participants were overweight or obese, and more than 50% 
had obesity; in the NC group, 25% had obesity, 40% were overweight, 
and 35% had normal weight. As can be seen in Table 1, the main 
differences between groups were determined by the participants with 
normal weight or obesity. Regarding physical activity, the NC group 
showed higher physical activity than the HC group (Table 1). Several 
studies have reported that physical activity, obesity, and diet influence 
the composition and function of the microbiota [21-23], however, there 
is still not enough knowledge about the relationship between these 
factors and the composition and function of microbiota [24]. In this 

study, we did not find any differences between groups regarding the 
consumption of nutrients, although the tendency of the NC group to 
perform more physical activity implies an increased demand of energy. 
The intestinal microbiota is involved in several activities, such as energy 
production, synthesis of micronutrients, fermentation processes and 
absorption of electrolytes, which regulates both nutrient acquisition 
and energy extraction through the synthesis of enzymes involved in the 
metabolism of carbohydrates, cholesterol and proteins [25]. As it was 
reported in a previous study in rats, both the amount of food consumed 
and physical activity influence the function and composition of the 
native microbiota, affecting the host’s health [26]. 

Of all the isolated strains, 247 were identified as non-sporulating 
bacteria, Gram-positive and negative to catalase and oxidase tests [27]. 
We determined the sensitivity of the 247 strains to nine antibiotics, 
setting a threshold for elimination of resistance to 3 or more antibiotics; 
only the 37.6% of the strains were selected, being sensitive to at 
least seven antibiotics. The selected strains were identified by partial 
sequencing of the 16S rRNA ribosomal gene, but only 67 of these 
sequences were deposited in the Genbank database after several 
duplicate sequences were identified. Once identified, 49 strains of the 
Lactobacillus and Enterococcus genera (Table 2) were selected. Twenty-
six strains of the genus Lactobacillus and 23 of the genus Enterococcus 
were evaluated, comparing their behavior under different conditions. 
Seventy-six point nine percent of the Lactobacillus strains were isolated 
from the NC group, while 52.2% of the Enterococcus strains were 
isolated from the HC group; p=0.03 (Figure 1). The ratio between 
Lactobacillus and Enterococcus was 1.6 in the NC group and 0.4 in the 
HC group. Some studies have reported that the proportion of these two 
genera changes with the presence of Inflammatory Intestinal Disease; 
these changes were reflected in the depletion of Lactobacillus and the 
increase of Enterococcus [28], as we observed in our study, although 
our participants have hypercholesterolemia, the oxidative stress is 
the common factor in both cases. In this study, we observed that the 

NC (n = 40) HC (n = 25) p
Age (years) 34.05 ± 13.40 42.40  ± 10.76 0.008 *
Gender %

Female, n (%) (55.00) (60.00)
0.692 **

Male, n (%) (45.00) (40.00)
BMI (kg/m2) 27.67 ± 5.90 29.44 ± 4.15 0.195 *

Normal weight 35.00 16.00

0.066 **Overweight 40.00 32.00
Obesity 25.00 52.00

Physical activity
Low 35.00 40.00

0.902 **Moderate 32.50 32.00
High 32.50 28.00

Biochemicals
Glucose (mg/dl) 93.30 ± 25.49 94.92 ± 19.49 0.787 *
TC (mg/dl) 163.86 ± 27.72 228.48 ± 23.46 0.000 *

Dietary assessment
Energy (kcal/d) a 2455.21 ± 1111.52 2398.70 ± 930.29 0.832 ***
Carbohydrates  (g/d) ab 318.36 ± 162.13 309.10 ± 160.69 0.592 ***
Protein  (g/d) b ab 83.36 ± 43.60 79.59 ± 21.00 0.458 ***
Lipids  (g/d) ab 45.47 ± 25.06 39.09 ± 15.66 0.171 ***
Cholesterol (mg/d) ab 283.23 ± 176.55 273.79 ± 154.36 0.797 ***

BMI: Body Mass Index, TC: total cholesterol.  *Results from a Student's t test and **Chi-square. Results presented as mean ± standard deviation and percentage. *** 
General linear model adjusted. for a age, gender and b energy; Data are presented as mean ± standard deviation.

Table 1: General characteristic of the study groups.
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participants with obesity and high cholesterol levels had a reduced 
population of beneficial Lactobacillus. The Lactobacillus genus has been 
identified as one of the most beneficial to human health [29]; it has 
the highest number of strains with probiotic properties. Although some 
strains of the genus Enterococcus have been associated with infectious 
processes [30], others have shown probiotic properties [29]. Given the 
functional importance of both genera, we evaluated their behavior 
in different conditions in order to further our knowledge about the 

beneficial functions of the native microbiota. An important function 
of the native microbiota is its contribution to cholesterol metabolism, 
mainly of exogenous cholesterol (diet); importantly, we did not find any 
significant differences in the consumption of cholesterol or any other 
kind of lipids between the NC and HC groups, which reinforce the 
idea that the observed differences in the microbiota between the study 
groups was not due to the consumption of cholesterol or lipids. We 
observed that Lactobacillus has a greater capacity to reduce cholesterol; 
while Enterococcus can also reduce cholesterol, it has a lower activity 
than Lactobacillus. However, the cholesterol-reducing ability of the 
Lactobacillus strains isolated from the HC group was lower than the 
ability of Lactobacillus strains isolated from the NC group. Similar 
changes in the proportions of Lactobacillus and Enterococcus strains 
were reported in a study conducted in rats subjected to changes in 
diet and physical activity; in that study, the population of Lactobacillus 
was higher in rats that performed physical activity and were fed an ad 
libitum diet, while the population of Enterococcus was higher in rats 
without physical activity and with induced anorexia [26]. One of the 
proposed mechanisms to reduce cholesterol involves bile salt hydrolase 
(BSH), an enzyme produced by bacteria. According to our results, with 
the exception of four strains, all strains showed hydrolase activity; 
however, all strains reduced cholesterol after 20 h, independently from 
the presence of this enzyme, including those strains that did not show 
hydrolase activity, which means that the mechanism by which these 
strains reduce cholesterol may not be related only to the enzyme. At 
the genus level, the average cholesterol reduction rate was 56% for 
Lactobacillus and 51.3% for Enterococcus. Analyzing the behavior of the 
strains according to their origin some differences were observed; the 
cholesterol reduction rates of Lactobacillus (60.5%) and Enterococcus 
(58.2%) strains isolated from the NC group were higher than the rates 
observed in the strains isolated from the HC group, which were 50.4% 
and 44.9%, respectively. This shows that Lactobacillus is more efficient 
than Enterococcus in cholesterol reduction. Thus, the restoration of the 
microbiota could be an alternative for the control of total cholesterol 
levels and other related lipids such as triglycerides, LDL, VLDL, and 
HDL, independently of the mechanism used [29]. 

Several studies have reported that Lactobacillus and Enterococcus 
strains present resistance to one or more antibiotics, which may be 

Identified strain Genbank 
access

Origin

Lactobacillus sp strain L101(LBF2)E04 KM269715 NC
Lactobacillus sp strain L112(LBF2)F03 KM269716 NC
Lactobacillus sp strain L238(LBF2)G05 KM269717 NC
Lactobacillus sp strain L314(LBF2)H05 KM269718 NC
Lactobacillus sp strain L319(LBF2)C02 KM269719 NC
Lactobacillus sp strain L329(LBF2)D02 KM269720 NC
Lactobacillus plantarum strainA05_0330_01 KP340446 NC
Lactobacillus fermentum strain L634(LBF2)G03 KM269711 NC
Lactobacillus sp strain L656(LBF2)H03 KM269710 HC
Lactobacillus sp strain L729(LBF2)C04 KM269721 NC
Lactobacillus plantarum strain 793_E01 KP178096 NC
Lactobacillus plantarum strain 820_H01 KP178097 HC
Lactobacillus plantarum strain 821_A01 KP178098 HC
Lactobacillus plantarum strain D05_0854_04 KP340447 HC
Lactobacillus plantarum strain 857_C02 KP178099 HC
Lactobacillus plantarum strain 904_D02 KP178100 NC
Lactobacillus sp strain 906_E02 KP178101 NC
Lactobacillus casei strain 1070_A04 KP178092 NC
Lactobacillus sp strain 1265(LBF2)A03 KM269704 NC
Lactobacillus sp strain 1266(BF2)B03 KM269705 NC
Lactobacillus sp strain 1280(LBF2)G02 KM269706 HC
Lactobacillus ruminis strain 1291(LBF2)H05 KM269714 NC
Lactobacillus ruminis strain 1292_G05 KP178094 NC
Lactobacillus sp strain 1311_H05 KP178109 NC
Lactobacillus ruminis strain 1313_A06 KP178095 NC
Lactobacillus plantarum strain B08_1534_02 KP340448 NC
Enterococcus faecium strain L030(LBF2)D03 KM269699 NC
Enterococcus durans strain L106(LBF2)E03 KM269697 HC
Enterococcus faecium strain L175(LBF2)F04 KM269700 HC
Enterococcus faecium strain L179(LBF2)G04 KM269701 HC
Enterococcus faecium strain L180(LBF2)H04 KM269702 HC
Enterococcus faecalis strain B04_0182_02 KP340440 HC
Enterococcus durans strain L186(LBF2)A05 KM269698 HC
Enterococcus sp strain C04_0189_03 KP340441 NC
Enterococcus hirae strain L217(LBF2)C05 KM269707 HC
Enterococcus hirae strain L220(LBF2)D05 KM269708 HC
Enterococcus hirae strain L222(LBF2)E05 KM269709 HC
Enterococcus faecium strain 344(F)_E02 KP178084 NC
Enterococcus sp strain 347_D01 KP178087 NC
Enterococcus faecium strain L703(LBF2)A04 KM269703 HC
Enterococcus durans strain 794_F01 KP178088 NC
Enterococcus faecium strain 855_E03 KP178089 HC
Enterococcus sp strain 919_B01 KP178108 NC
 Enterococcus sp strain 1284_F05 KP178106 HC
Enterococcus hirae strain C07_1387_03 KP340442 NC
Enterococcus faecium strain 1479_C05 KP178085 NC
Enterococcus durans strain 1520_D05 KP178086 NC
Enterococcus faecium strain A09_1535_01 KP340439 NC
Enterococcus sp strain 1547_E05 KP178107 NC

Table 2: Strains identified by 16S rRNA sequencing, Genbank access and origin.
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Figure 1: Distribution of Lactobacillus and Enterococcus by origin. NC; normocholesterolemic group, HC;  hypercholesterolemic group. Black bars, Lactobacillus, 
gray bars, Enterococcus. Figure 1: Distribution of Lactobacillus and Enterococcus by origin. NC; 
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intrinsic or acquired. Lactobacilli have intrinsic resistance to a wide 
range of antibiotics; however, in the majority of cases, this resistance is 
non-transferable [31]. These genera are usually sensitive to penicillin, 
which inhibits the synthesis of the cell wall, as well as to protein synthesis 
inhibitors such as chloramphenicol, tetracycline and clindamycin [32], 
which is consistent with the results obtained in this study (Figure 2), 
in which the sensitivity to penicillin, chloramphenicol and tetracycline 
was close to 100%, in the case of clindamycin; the 84.6% of the 
Lactobacillus strains were identified as sensitive and the 15.4% was 
identified as having intermediate sensitivity, and 83% of Enterococcus 
strains were sensitive and 13% were resistant. It has been reported that 
this genus has an intrinsic resistance to this antibiotic; it could even be 
considered as a low resistance rate [33]. The sensitivity of Lactobacillus 
strains to Gentamicin was 92.3%, which was also in accordance with 
previous reports [34], while for Enterococcus it was 69.6%, with some 
strains showing intermediate sensitivity and resistance [33]. In general, 
the behavior exhibited by the strains in the presence of most antibiotics 
agrees with that reported in previous studies [35]. The behavior of 
both genera in the presence of Neomycin was interesting; as can be 
seen in Figure 3, 3.8% of the Lactobacillus strains were resistant to this 
antibiotic, while the resistance of Enterococcus was 8.7%. These rates 

of resistance are relatively low, since high rates of resistance have been 
previously reported for Lactobacillus [36] and Enterococcus [37], and 
these genera have and intrinsic resistance to aminoglycosides, to which 
neomycin belongs. Although in our results the resistance rates were 
low, there were also a high percentage of intermediate sensitivity strains 
in both genera, which may tend towards resistance due to the nature 
of the bacteria. Finally, when evaluating the survival of the strains at 
acid pH (2.0 and 3.0), and in the presence of bile salts (0.3% w/v), after 
3 h in the medium adjusted to pH 2.0, Lactobacillus showed a survival 
rate of 80.8% and Enterococcus 87.0%; interestingly, after 24 h under the 
same conditions, 73.1% of the Lactobacillus strains and 34.8% of the 
Enterococcus strains remained viable; it was under these conditions and 
after 24 h that we found a difference in survival between the genera. At 
pH 3.0, the survival of Lactobacillus (93%) and Enterococcus (95.7%) 
strains after 24 h was very similar, as can be seen, while after 24 h in 
the MRS medium supplemented with bile salts the survival rates were 
96% and 100%, respectively (Figure 3). It is important to consider 
that the survival rate of bacteria is usually evaluated after 3 h; in this 
study, we also evaluated it at 24 h, and found a good survival rate at 
pH 3.0 in bile salts. These results allow us to infer that bacteria can 
remain in the gastrointestinal tract despite several changes in their 
environmental. Lactobacillus and Enterococcus belong to the group of 
lactic acid bacteria; both perform similar functions, as was appreciated 
in this study, however when some diseases as hypercholesterolemia 
occurs, the Lactobacillus population decreases causing changes in the 
gastrointestinal environment which can be one of the main causes of the 
imbalance in the microbiota, although the population of Enterococcus 
remains constant.
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