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Obesity is considered a primary contributing factor in the development of many diseases,
including cancer, diabetes, and cardiovascular illnesses. Phytochemical-rich foods,
associated to healthy gastrointestinal microbiota, have been shown to reduce obesity and
associated comorbidities. In the present article, we describe the effects of the probiotic
Lactobacillus johnsonii N6.2 and blueberry extracts (BB) on the gut microbiota and lipid
profile of rats under a high-fat (HF) or low-calorie (LC) diet. L. johnsonii was found to
increase the levels of long chain fatty acids (LCFA) in the serum of all animals under
HF diet, while reduced LCFA concentrations were observed in the adipose tissue of
animals under HF diet supplemented with BB extracts. All animals under HF diet also
showed lower protein levels of SREBP1 and SCAP when treated with L. johnsonii. The gut
microbiota diversity, B-diversity was significantly changed by L. johnsonii in the presence
of BB. A significant reduction in a-diversity was observed in the ileum of animals under HF
diet supplemented with L. johnsonii and BB, while increased a-diversity was observed in
the ilium of animals under LC diet supplemented with L. johnsonii or BB. In summary, L.
Jjohnsonii and BB supplementation induced significant changes in gut microbiota diversity
and lipid metabolism. The phospholipids pool was the lipidome component directly
affected by the interventions. The ileum and colon microbiota showed clear differences
depending on the diet and the treatments examined.

Keywords: Lactobacillus johnsonii N6.2, blueberry, mediterranean diet, lipidome, microbiome

INTRODUCTION

Obesity is the leading cause of preventable death in the United States, and has linearly grown like a
silent epidemy at a constant annual rate of 0.66-0.73% over the last 30 years (1). As such, it is the
common origin of several chronic diseases, including cancer, diabetes, and cardiovascular illnesses.
The prevalence of obesity in the population according the income levels is controversial and shows
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(ASV) picking and for taxonomy assignment using DADA2
R package v1.10 (39). Read quality profiles were determined
with DADA2, a quality score higher than 30 (Q30) was used
to filter the reads, which were further trimmed 5 bases from
the beginning and 10 bases from the end. Reads were merged,
an ASV table was constructed, and chimeras were removed.
ASVs identified as mitochondrial DNA were removed from
further analyses using RStudio. Community structure was

analyzed in R with phyloseq, Vegan and Microbiome packages
(40, 41). Cumulative Sum Scaling was used to normalize the
counts. The raw data was used as input (not normalized,
not rarefied) matrix for DESeq analysis to investigate ASVs
differentially abundant (42). Ordinations of PCoA and
NMDS were calculated using Euclidean and Bray-Curtis
dissimilarity indexes, respectively. The plots were generated with
ggplot2 (43).

FIGURE 3 | A heatmap of the top 50 lipids species observed on serum samples ranked by T-test to retain the most contrasting pattern. Each colored cell on the map
corresponds to a concentration value. Values were measured by Euclidean distance with a Ward clustering algorithm (n = 6 per group). HF, high-fat diet; LC,
low-calorie diet; BB, blueberry extract; LJ, L. johnsonii N6.2; BB/LJ, blueberry extract + L. johnsonii N6.2.
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FIGURE 4 | Diet affects overall lipid profile. (A) PCA plot; (B) 3D PCA plot based on sex and diet of all lipids analyzed. PC1 (44.5%) is the diet, which separates the HF
from the LC diet. PC2 (20.3%) is the sex, which separates females (spheres) from the males (boxes). PC3 (19.2%) is the treatment, which separates the treatments
with blueberry, L. johnsonii N6.2, and the combination of both. HF, high-fat diet; LC, low-calorie diet; BB, blueberry extract; LJ, L. johnsonii N6.2; BB/LJ, blueberry
extract + L. johnsonii N6.2.
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Statistical Analysis

All analyses were done in RStudio 1.1.463 using 2 and 3-way
interactions analysis of variance (ANOVA) to evaluate the effects
and interactions of sex, diet, and treatments on the lipid profile.
Significance of model terms and treatment comparisons were
done with a significance level of & = 0.05, and degrees of freedom
were adjusted using the Kenward-Rogers correction. Statistical
power and sample size analyses were performed using G*Power
3.1.9.4. The sample size in each experiment was statistically
calculated based on our previous studies with this animal model,
which indicated that a minimum of 85 animals (11 animals
per group) would give a power from 0.8 to 0.9 at an «a level
of 0.05. Based on this calculation, a total of 112 animals were
randomly distributed into groups, which came out with ~14
animals per group. The microbiome study included stool samples
from all 112 animals. One-way ANOVA was the first method
used in order to eliminate the lipids that did not show statistical
differences between the treatment groups. Secondly, 2 and 3-
way ANOVA were used to evaluate the interactions between
diet/sex/treatment. Finally, post-hoc multiple comparisons were
performed with least significant differences. Metaboanalyst
website was used to generate PCA and heatmap plots. GraphPad
Prism 5.01 software (GraphPad Software, La Jolla, CA, USA) was
used for data visualization. For the microbiome data, differences
in taxonomic profiles were analyzed by Wilcoxon and Dunn
tests (for two groups, mean comparison) or by Kruskal-Wallis
rank sum test (for multiple groups). PERMANOVA was used to
analyze clustering significance.

RESULTS

The Effect of Diet and Gender on Lipid

Profile in Sprague-Dawley Rats

A total of four animals from each intervention (two diets,
with four treatment groups in each diet), were randomly
selected for blood serum and visceral fat lipid analysis. A
total of 290 lipids from the negative scan and 510 from the
positive scan were identified in serum samples, and 168 lipids
from the negative scan and 605 from the positive scan were
identified in the fat tissue. The lipid metabolites identified
included: phospholipids (PLs), phosphatidylcholines (PCs),

phosphatidylethanolamines  (PEs), and their respective
lysophospholipids (LPLs), lysophosphoethanolamines
(LPEs), and lysophosphatydilcholines (LPCs), ceramides,

and triglycerides. The lipid profile obtained was analyzed using a
multivariate statistical analysis, as demonstrated in the flowchart
(Figure 2). A representative heat map of the top 50 lipids (based
on T-test score) with p < 0.05 from the negative ion mode is
shown in Figure 3. The results indicate that diet (HF vs. LC) is
the stronger component that explained the variance in the serum
lipid profile of the animals. A distinctive pattern associated with
the interventions individually (phytophenols/probiotic) tested
in each diet was not observed. The results were validated by
strong clustering obtained with a principal component analysis
(PCA) (Figure 4A). A 3D PCA plot using the three significant
components of the analysis revealed males and females clustering

together (Figure 4B). Only two of the HF diet animals (1 male
and 1 female) in the control group, clustered with the LC
diet group.

Saturated and unsaturated lipids identified in the total serum
lipidomic profile were used to compare the effects of the
intervention in each diet. No statistically significant differences
were observed in either group, however, while the unsaturated
fatty acids remained practically constant in the tissues analyzed
(Figure 5B), we detected variations in the saturated lipids.
Saturated lipids in the blood serum decreased in all interventions,
in both diets, when compared to the control groups (Figure 5A).
A similar trend was observed with the saturated fats in the
adipose tissue of animals fed with the LC diet, and a sharp
decrease in saturated lipids was observed in the visceral adipose
tissue of animals under HF diet (Figure 5C). Surprisingly, no
significant difference was observed for unsaturated fats in the
adipose tissue of any treatment group (Figure 5D).

Dietary Interventions Affected Long Acyl
Chain Lipid Composition in Serum and

Omental Fat

Whole lipid analysis did not show a distinctive correlation
associated to the individual interventions, however, long acyl
chain (acyl chains with 13-22 carbons) (44) LPEs and PE
increased in the serum samples of HF animals treated with
L. johnsonii and BB (Figure 6A). The dual treatment (LJ+BB)
demonstrated to have a clear and synergistic effect. No significant
differences were observed in individuals fed with the LC diet.
Interestingly, long acyl chain LPC levels in adipose tissue samples
followed the opposite trend to those determined in serum
samples (Supplementary Figure 1). Interestingly, treatment with
L. johnsonii and BB, alone or combined, significantly reduced
the amount of these lysophospholipids in visceral adipose tissue.
A typical profile of long acyl chain LPEs and LPCs in the
adipose tissue is shown in Figure 6B. We observed minimal to no
significant differences for the same group of lipids in the visceral
fat of animals fed under the LC diet (Figures 6A,B). These
results suggest that the treatment could affect the processing and
deposition of long acyl chain lipids differently, depending on diet.
Therefore, to better understand the potential pathways involved
in the process, the expression of key regulatory factors in liver
samples were analyzed.

Lactobacillus johnsonii N6.2 and
Blueberries Extract Affect SREBP1

Activation

Lower activation of the mTOR pathway was previously
observed in the GI tract of animals treated with L. johnsonii
N6.2 and phytophenols (30). mTORCI phosphorylation
signaling is critical in the activation of SREBPI activity
in the liver and adipose tissue. The interplay of these
regulatory factors connects and balances the activity of the
glycolytic pathways with de-novo lipogenesis. The western blot
analysis did not reveal significant differences in the mTOR
phosphorylation cascade that modulates Akt activity in the
liver tissue (Supplementary Figure 2). Although we did not
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FIGURE 5 | Average concentration of (A) saturated lipids and (B) unsaturated lipids on serum of the animals, as well as (C) saturated lipids and (D) unsaturated lipids
on adipose tissue in the same animals. HF, high-fat diet; LC, low-calorie diet; BB, blueberry extract; LJ, L. johnsonii N6.2; BB/LJ, blueberry extract + L. johnsonii N6.2.
Blue bars: animals under HF diet; orange bars: animals under LC diet. Data are summarized as mean and +standard deviation. *p-value < 0.05; **p-value < 0.01.

detect differences in the Akt phosphorylation pattern, we
observed significant differences when SREBP1 was analyzed.
This membrane bound transcription factor is activated by
the SREBP cleavage-activating protein (SCAP), a protease
forming a complex with SREBPI in the endoplasmic reticulum
(45). Animals fed with HF diet and treated with L. johnsonii
N6.2, alone or in combination with BB, showed lower levels
of SREBP1 (HF control vs. HF_LJ: p < 0.05, HF control vs.
HF_BB/LJ: p < 0.01) as well as SCAP (HF control vs. HF_LJ:
p < 0.05, HF control vs. HF_BB/L]: p < 0.01) (Figure 7).

This effect was not observed in animals that were fed the
LC diet ad libitum. Altogether, these results suggest that the
treatments downregulate SREBP1 activation in liver tissue
of HF diet animals via an independent mTOR mechanism.
No significant differences were observed in the expression of
key regulatory proteins directly involved in the modulation
of lipid catabolism and biosynthesis in the same tissue. The
results obtained with qRT-PCR measuring the expression of
regulatory factors controlling lipids metabolism in the liver are
depicted in Supplementary Figure 3.
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FIGURE 6 | Relative concentration of phospholipids in the analyzed samples. All samples were compared based on the peak intensity of each compound identified.
of (A) PE and LPE on serum samples and (B) LPE and LPC on adipose tissue. HF, high-fat diet control group; LC, low-calorie diet control group; BB, blueberry
extract; LJ, L. johnsonii N6.2; BB/LJ, blueberry extract + L. johnsonii N6.2. Blue bars: animals under HF diet; orange bars: animals under LC diet. Data is shown as
median with max/min. Different letters on top of each box plot indicate significant differences in group means from repeated-measures ANOVA.
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lleal and Colonic Diversity Is Affected by
Diet and Gender

The microbiota composition was determined in samples
collected from ileum and colon contents immediately after
animals were sacrificed; the V4 region of the 16S rRNA was
sequenced using Illumina MiSeq technology. Samples were
obtained from all animals described in Supplementary Table 1.
After sequence quality control and filtering, 16,030,071 sequences
were analyzed.

A detrended correspondence analysis (DCA) was used to
analyze and compare the overall structure (B-diversity) of the
microbial community in the selected sections of the GI tract.
The overall composition of bacterial communities present in
the colon and ileum of the HF and LC treatment groups is
represented in Figure 8, where clustering was observed with
samples collected from the contents of the colon or ilium.
While the biggest variance is explained by the location from
which samples were collected within the GI tract (DCA1 40.4%),
different small clusters are also observed among the colonic
group of samples (Figure 8). The majority of samples collected
from the ileum section of the GI tract clustered together, however,
some cluster separation was observed with samples from animals
in the combined BB/L] treatment group (Figure 8).

The data from each sample set (colon or ileum) was
subsequently analyzed separately, since the main factor driving

variance was the location that samples were collected within
the GI tract (Figure9). Using a principal coordinates analysis
(PCoA) and Non-metric multidimensional scaling (NMDS) we
observed clear clustering corresponding to the type of treatment
and diet in colon samples (Figures 9A,B). The HF and LC
diets pushed the three intervention groups to form individual
superclusters, where the supercluster of the LC diet was more
compact than the HF cluster. Among the HF diet animals,
the double intervention (BB+LJ) is clearly different from the
individual use of L] or BB. It is also noticeable that the
communities of all treatments were substantially different from
their respective control groups (Figures 9A,B). Interestingly,
the microbial communities present in the ileum were more
homogeneous overall and showed substantial changes only in the
combined BB/LJ treatment group (Figures 9C,D).

The microbiota composition (a-diversity) was assessed using
a non-parametric test (Kruskal-Wallis and Dunn test), where
samples from male and female animals were analyzed separately
based on the differences observed in the lipidomics analysis. BB
induced a significant reduction in a-diversity (p < 0.05) in the
ileum of HF diet animals (Table 2). The highest significances
were obtained in ileal samples from female animals, which were
found to be more sensitive to these treatments. The average index
estimated for the LC diet (ileum and colon), and in the colon of
HF diet animals were comparable. The Shannon index observed
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diet; LC, control group low-calorie diet; BB, blueberry extract; LJ, L. johnsonii N6.2; BB/LJ, blueberry extract + L. johnsonii N6.2.

in the ileal region of all females from the HF diet groups were
consistently lower than males under the same HF diet conditions
(Table 2). Animals fed with LC diet showed an increase in the
ileal a-diversity when treated with L] or BB, when compared to
the control. The Shannon index for each group of animals is
summarized in Table 2.

The samples obtained from each section of the GI
tract were compared wusing a differential abundance
analysis (DESeq2 analysis). We identified 155 amplicon
sequence variants (ASV) differentially enriched (p < 0.001)
between LC and HF diet animals (Supplementary Table 1).
In colonic samples, 112 ASVs were differentially
abundant (p < 0.001) between HF and LC diet animals
(Supplementary Table 2). Enrichment of Lachnospiraceae,
Ocillospiraceae, ~ Ruminoccocacea, — Muribaculaceae  and
Eubacteria families was observed in colonic samples in
both diets, while increases in Rikenellaceae, Atopobiaceae,
Butyricicoccaceae, Erysipelatoclostridiaceae, Christensenellaceae,
Anaerovoracaceae,  Streptococcaceae,  Peptostreptococcaceae,
Eggerthellaceae, and Clostridiaceae families were observed only
in colonic samples from HF diet (Supplementary Table 2).

Only three ASVs, belonging to Ruminococcaceae and
Lachinospiraceae  families, were differential abundant
in ileal samples between HF and LC diet animals

(Supplementary Table 3). The contribution of gender with
each diet was analyzed individually, but no significant differences
were observed.

In summary, our results indicate that ileum and colon
microbiota seem to be affected in different ways by the diets
and treatments examined, where ileal communities were found
to be more stable and modified only by the dual treatment. A
significant increase in the a-diversity was observed in the colon
while decreased or minimal modifications in the Shannon index
were observed in the ileum, indicating an enrichment of a more
specialized microbiota.

DISCUSSION

Dietary components triggered important changes in the morpho-
physiology of the body tissues. A direct consequence of a high-
fat diet is a drastic shifting of the lipidomic biochemical profile
in the omental fat and blood serum. In this study, based on
the lipid profile observed as consequence of each diet, the
animals grouped in two solid clusters after a double component
analysis. Furthermore, they separated into four sub-clusters once
the gender of each animal was incorporated in the analysis
(Figure 4B). Lipids mediate several homeostatic, physiological
and cellular process in the body, therefore, sexual dichotomy
associated with the biological role of adipocytes is not surprising
(46). Indeed, we have documented different responses in key
regulatory pathways in the gastrointestinal system of animals
receiving these treatments, which were linked to the animal’s
gender (30), however, even with the clear clustering observed,
the experimental design used in this study did not provide
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FIGURE 9 | B-diversity analysis using PCoA and NMDS plots. (A) PCoA and (B) NMDS plots showing the cluster distribution of samples collected from colon. (C)
PCoA and (D) NMDS plots showing the cluster distribution of samples collected from ileum. PERMANOVA was used to evaluate the statistical significance of the assay.
HF = control group high-fat diet; LC = control group low-calorie diet; BB = blueberry extract; LJ = L. johnsonii N6.2; BB/LJ = blueberry extract + L. johnsonii N6.2.

TABLE 2 | Alpha diversity of stool samples collected from colon and ileum after different treatments, expressed by Shannon Index.

HF diet (colon) HF diet (ileum) LC diet (colon) LC diet (ileum)

F M F M F M F M
Control (Vehicle) 5.61 5.60 4.81 5.51 5.49 5.47 5.19 5.32
L. johnsonii (LJ) 5.52 5.66 5.37 5.43 5.01 5.55 5.52 5.58
Blueberries (BB) 5.64 5.62 4.89 5.17 5.48 5.50 5.60 5.60
L. johnsonii + Blueberries (BB/LJ) 5.65 5.65 3.87 4.45 5.52 5.58 5.44 5.28

lleum HF Females: BB vs. BB/LJ p-value = 0.02857; BB vs. LJ p-value = 0.02857; BB/LJ vs. Ctrl_HF p-value = 0.03357; BB/LJ vs. LJ p-value = 0.02857. lleum LC Females: BB
vs. Ctrl_LC p-value = 0.0003996. lleum LC Males: BB vs. BB/LJ p-value = 0.01088; BB vs. Ctrl_LC p-value = 0.000999; BB/LJ vs. LJ p-value = 0.006993; Ctrl_LC vs. LJ p-value =
0.0001645; F, females; M, males.

the necessary statistical power to discuss the contribution of Most of the interventions showed a decrease in the total
the dietary interventions for each animal’s gender. Thus, we  amount of saturated fatty acids in blood serum and in fat tissue
evaluated the nutritional value of L. johnsonii N6.2 and blueberry =~ samples. This effect was observed in animals under HF and
phytophenols arranged by diet (HF vs. LC). LC diets. Saturated fats are linked to several pathologies like
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increased risk of cardiovascular disease and cancer. Frequently,
the excess of saturated fat is corrected by restrictions in the
fat dietary intake, however, those dietary prescriptions usually
replace the energetic value of the fats with refined carbohydrates.
These changes trigger a shift in the overall metabolic state of
individuals, leading to increased risk of atherogenic dyslipidemia
(47). Our results indicate that dietary supplementing with
phytophenols and L. johnsonii can help in correcting diet-
induced dyslipidemia, without any additional therapies.

Analyzing the levels of each individual lipid identified in our
lipidomic data showed significant changes in the phospholipid
levels depending on the treatments analyzed. In general, the
HF diet animals supplemented with BB and L] together had
lower levels of both LPC and LPE in adipose tissue, while
significantly higher levels of PE and LPE were observed in
the blood samples, suggesting that both treatments were able
to change the dynamics of phospholipids in the tissues. The
statistical analysis demonstrated that the supplements were
significantly more efficient in animals under the HF diet. These
results suggest that L. johnsonii and blueberry extracts induce
the mobilization of lysophospholipids from adipose tissue to
the plasma, helping to counterbalance the negative effects of a
HF diet. Interestingly, the relative levels of some LPCs (LPC
24:1; 14:0; 14:1, and 15:0) in LC diet animals were comparable
with those detected in the HF control (Figure 5B) and were not
affected by the interventions. These results reinforce the idea
that the phospholipid composition is differentially affected by the
interventions depending on diet.

Phospholipids are common cellular components tightly
regulated by the metabolic state of each individual. They
have been associated with many metabolic and immunologic
diseases. Fluctuations in the phospholipid profile precede the
detection of autoantigens in patients with T1D (48). The levels
of phospholipids were also found to be significantly lower in the
cord blood of children that further developed T1D early in life.
These suggest that phospholipids could be used as biomarkers in
monitoring beta-cell function (49).

PE is a major constituent of cellular membranes and is a
key regulator of membrane fluidity (50). It is also crucial to
anchor the proteins involved in membrane fusion, and helping
in the formation of the autophagosome, which is responsible
for eliminating misfolded proteins and damaged organelles. PE
is severely diminished in elderly patients (51) and patients
with Alzheimer’s disease (52). Lower levels of PE correlate with
deficiencies in the formation of the autophagosome and lower
capability to repair cellular components in aging (53).

Lysophospholipids are intermediate components in
phospholipid metabolism and turnover, produced via
phospholipase A-mediated hydrolysis of the acyl group of a
phospholipid, resulting in lysophospholipid and fatty acid
(54). LPE is composed of an ethanolamine head group and
glycerophosphoric acid, with a saturated or unsaturated fatty
acid located in the sn-1 position similar to LPC, which has
a choline head group. They are minor constituents of cell
membranes but have an important role in cell-mediated cell

signaling and activation of other enzymes (55). LPC plays
important roles in clearance of apoptotic cells, stimulating
phagocyte recruitment when released during apoptosis (56).
Previous studies have demonstrated low levels of LPC in serum
of individuals with impaired glucose tolerance and in subjects
with insulin resistant and non-alcoholic fatty liver (57, 58).
Interestingly, high levels of LPC on serum have shown a negative
correlation with inflammatory activities. LPC has proven to
increase antioxidative capacity of high density lipoproteins
(HDL), protecting low density lipoproteins from oxidation
(59). Moreover, LPC seems to have a potent anti-aggregatory
effect on platelets, inhibiting the release of inflammatory
mediators and, consequently, reducing atherogenesis and
vascular inflammation (60). Differently, high levels of LPC
in tissues aggravate endothelial dysfunction and increase the
expression of proinflammatory cytokines (61, 62). LPE levels
have showed to be decreased in plasma of patients in chronic
ischemic stroke (63), as well as in patients with T1D (64).

In summary, significant changes in lipid metabolism were
induced by L. johnsonii N6.2 and blueberries. Furthermore, the
phospholipids pool is the lipidomic component directly affected
by the interventions, and these fluctuations depend on the
metabolic state of the animals. The phospholipids in animals
receiving the LC diet showed a different lipid profile (Figure 5B),
which led us to evaluate the regulatory pathways operating in
the liver.

The mTOR pathway is a key sensor regulating metabolic
processes in many organs, and it plays a central role in
lipid metabolism in the liver. We had reported changes in
the phosphorylation pattern of several mTOR components in
the GI system when animals are fed with L. johnsonii and
phytophenol-rich blueberry extract (30). We found, in this case,
that the intervention did not affect the phosphorylation pattern
of mMTOR components in hepatocytes (Supplementary Figure 2),
and we did not detect significant differences in the gene
expression of several key regulators of the fatty acid metabolism
(Supplementary Figure 3). Our results showed that the lipid
profile changes are regulated via a SREBP1/SCAP-dependent
mechanism. The regulation of the SREBP1 appears to be
independent of S6K phosphorylation, suggesting that it may
be possible to modify the phospholipids inducing changes
downstream of mTOR regulation. mTOR is a key pathway that
regulates fundamental physiological processes, and could serve as
a potential therapeutic target for the development of anti-obesity
therapies (65), however, using direct mTOR inhibitors to lower
lipogenesis may have adverse effects on homeostasis (66). Taken
together, the use of probiotics and phenolics may represent an
efficient alternative to aide in reducing the potential risk factors
associated with metabolic syndrome.

The absorption of dietary lipids takes place in the upper
tract of the digestive system, where bile salts emulsification and
lipolytic activity is critical to enhance enterocytes lipids uptake.
The changes observed in the GI microbiota may help us to
explain some of the lipidomic results. In HF animals treated
with L] and BB, the drastic changes observed in beta diversity
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correlates with the increased amount of saturated fatty acids
determined in the group. These changes in the GI microbiota
suggest that the metabolism of fatty acids in the GI lumen
could be significantly affected. L. johnsonii thrive in the proximal
portion of the GI system and has the ability to synthesize
a large amount of cinnamoyl esterases (24). These enzymes
enhance the bioactivity of esterified phytophenols, improving
its transport through cell membranes. These modifications
of the GI environment may be critical to re-shape the gut
microbiota composition. The significant decrease in the ileal
alpha diversity, observed only in the double treatment of
HF animals, suggest that some ileal species were particularly
sensitive to phytophenols. Interestingly, the animals receiving
a LC diet did not show significant variations in beta diversity,
or in the levels of saturated/unsaturated fatty acids, suggesting
the dosage of probiotic and blueberry extracts may need
to be modified according to the subject’s diet, to achieve
the optimal results.

Diet was the determining factor in shaping the colonic -
diversity, however, the use of probiotics and blueberry extract
introduced significant differences when compared to the control
groups. Interestingly, in all cases the gut microbiota showed a
different architecture when compared to both control groups.

Our group has established several health benefits associated
to L. johnnsonii N.6.2 during several years. We have recorded
several positive effects on animal models and successfully
reproduced them in human subjects (22-27, 30, 32).
Significant effects in lowering GI inflammation and boosting
the immunological system were successfully demonstrated
(27, 30, 67). Still, the biological molecules mediating such
systemic effects has not yet been identified. The results obtained
in this work suggest that such generalized effects could be
linked to direct changes in the organism’s lipidomic profile;
however, it is yet to be determined which lipid species are
working as biochemical signals that connect the changes
observed in the GI milieu to the positive general impact on the
subject’s health.
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