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Abstract

In this study, the impact of KestoMix, a syrup containing short-
chain fructooligosaccharides (scFOS) mainly 1-kestose, on clinical
parameters and gut microbiota composition in type 2 diabetes (T2DM)
patients was investigated. The study was conducted as a randomized,
open label, controlled clinical trial involving 60 participants. The control
group consumed microcrystalline cellulose capsules, while the KestoMix
group consumed KestoMix (7.2 g) twice a day for 12 weeks. Stool and
blood samples were collected from all the subjects. The gut microbial
composition in feces was analyzed for 20 subjects by next-generation
sequencing of the V3—V4 region of the bacterial 16S rRNA gene. KestoMix
did not significantly modify the basal clinical parameters associated with
T2DM, but it significantly reduced serum LDL-c concentration at week
12. In terms of gut microbial composition, the presence of Firmicutes was
higher than Bacteroidetes in both groups, but KestoMix intake resulted
in a reduction in the Firmicutes/Bacteroidetes ratio. Also, a significant
increase (p=0.046) in the Bacteroidetes/Proteobacteria ratio compared to
the control group was observed at day 84. Furthermore, KestoMix intake
significantly stimulated the increase in Bifidobacterium, as well as Blautia
and Lactobacillus (p=0.007, p=0.034 and p=0.016, respectively). While the
alpha diversity of gut microbial composition was reduced after KestoMix
intake, there was a change in the existing taxonomic proportions. Overall,
this study highlights the positive impact of KestoMix on gut microbiota
in T2DM patients. The bifidogenic effect of KestoMix may provide long-
term benefits in complications associated with T2DM and other dysbiosis.
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Introduction

The gut microbiota interacts with the host and regulates many metabolic
processes on host physiology and metabolism, including glucose and lipid
metabolism. Several reviews provided evidence of the relationship between
the composition of the intestinal microbiota and the development of insulin
resistance [1], type-2 diabetes mellitus [2] (Standards of Medical Care in
Diabetes of American Diabetes Association (available at https://professional.
diabetes.org/standards) and obesity[3]. Furthermore, the gut microbiota
profiles of healthy persons differ from persons in metabolic disease states
[4]. Because T2DM is a very common metabolic disease that can lead to
various serious complications, and that affects the quality of life of a large
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population worldwide, new therapeutic approaches are
needed to improve the incidence and severity of T2DM.
Microbiota-targeted interventions to modulate gut microbiota
and glucose metabolism are promising in the field of T2DM
research [5]. Fructooligosaccharides (FOS) are considered
prebiotics since they are substrates that are selectively utilized
by host microorganisms, conferring a health benefit [6]. FOS
could be synthesized from sucrose and the reaction product
is a syrup with a mixture of carbohydrates including sucrose,
glucose, fructose and scFOS [7]. Among the scFOS the best
known are 1-kestotriose (GF,), 1,1-kestotetraose (GF,), and
1,1,1-kestopentaose (GF,), also named 1-kestose, nystose
and fructosyl-nystose, respectively. The bifidogenic effect of
scFOS is well known at well tolerated doses ranging from 2.5
to 10 g/d[8]. Besides Bifidobacterium, FOS consumption also
increased the relative abundance of Operational Taxonomic
Units belonging to Lactobacillus [9]. Enzymatically
synthesized FOS from sugarcane syrup, supplemented into
human fecal culture using a pH-controlled batch fermentation
system, increased Bifidobacterium population, the steady
Bacteroides/Prevotella growth and promoted an increase in
the short-chain fatty acid production of the human intestinal
microbiota [10]. Particularly 1-kestose, the smallest scFOS
component, efficiently stimulates  Faecalibacterium
prausnitzii as well as bifidobacteria in humans [11]. A
clinical study using 1-kestose suggests that may potentially
ameliorate insulin resistance in overweight humans via the
modulation of the gut microbiota [12]. The study of gut
microbiota based on the traditional cultivation techniques
only focus on a limited number of species [13]. However,
with the development of next generation sequencing a better
understanding of the interaction between gut microbiota and
the metabolic processes of the host has been extensively
studied, and it is well-established that dysbiosis can
contribute to the development of metabolic disorders such as
T2DM and obesity. To address this issue, microbiota-targeted
interventions that modulate gut microbiota and glucose
metabolism have been proposed as a potential therapeutic
approach for T2DM.

The syrup FOSS55 is a mix of carbohydrates manufactured
by Florida, Camagiiey, Cuba; registered under the name
KestoMix that has not yet been used commercially in
Cuba. The syrup is obtained by transfructosylation reaction
from sucrose, with cane sugar as the raw material and
a final composition of FOS around 55% (w/w) of total
carbohydrates [7]. Taking in to account the reports of
beneficial effects associated to FOS in promoting the growth
of Bifidobacterium and Lactobacillus [14] as well as the
increases in the production of short-chain fatty acids [15], we
hypothesized that our product formulation could modify in a
healthy manner the gut bacterial balance in T2DM patients.
The primary aim of the study was to investigate if KestoMix
improve or affect clinical parameters associated to T2DM like
glycated hemoglobin Alc (HbAlc), fasting blood glucose

Volume 6 « Issue 2 245

(FBG), postprandial glucose — 2h (PPG), insulin; total
cholesterol (Tc), triglycerides (TG), low-density lipoprotein
cholesterol (LDL-c) and high-density lipoprotein cholesterol
(HDL-c). The secondary aim was specifically to evaluate
the effect of KestoMix, on the microbiome composition of
patients diagnosed with T2DM.

Materials and Methods
Study design

The present randomized, open label controlled clinical
trial study was conducted in patients with T2DM. The study
was designed to investigate the effect of KestoMix prebiotic
formulation on the gut microbiome composition and in clinical
parameters associated with T2DM. This trial was conducted
following to the Good Clinical Practice protocols as stated
in the World Medical Association Declaration of Helsinki
[16], and all procedures involving human subjects were
approved under the Hermanos Ameijeiras Ethic Committee
for Clinical Investigation and The Hermanos Ameijeiras
Scientific Council. The KestoMix prebiotic formulation was
evaluated and approved for it use by the Ethical Committee
at the National Institute of Nutrition of Cuba and The Cuba
Ministry of Health.

Subjects

The study included men and women between the ages
of 30 and 65 years who had been diagnosed with T2DM
following the Standards of Medical Care in Diabetes
of American Diabetes Association (available at https://
professional.diabetes.org/standards) [2] and who attended
the Endocrine and Internal Medicine Division at Hermanos
Ameijeiras Hospital. Before participating in the study, all
volunteers provided a signed, written informed consent.
Exclusion criteria were kidney disease, onco-proliferative
diseases, and pregnancy. A total of 60 eligible patients with
T2DM were randomly allocated to either the KestoMix group
(KMG) or the control group (CG), with 30 individuals per
group. The assignment to treatment groups was randomized
using the Epidemiological Analysis from Tabulated Data
(EpiData 3.1) software (Figure 1).

Trial intervention

The KestoMix prebiotic was orally administered to
the KMG group at a dose of 5 mL (7.2 g) twice a day, 12
hours apart, for 12 weeks. The CG group received a capsule
twice a day, 12 hours apart, for 12 weeks. Each bottle of the
KestoMix contained 300 g of syrup with a composition (w/w)
of 1-kestose 48.8%, nystose 6.8%, glucose 22.0%, sucrose
20.2%, and fructose 2.1%. The control group received
capsules containing 370 mg of inulin, microcrystalline
cellulose, D-mannitol, and stearic acid. Each group
was monitored independently every 28 days for sample
collection, supplement delivery, and clinical evaluation. To
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Figure 1: Figure 1| CONSORT Flow Diagram (Moher, Hopewell et al. 2012). Objective 1: Investigate
if KestoMix improve or affect clinical parameters associated to T2DM like glicated hemoglobin Alc
(HbAlc), fasting blood glucose (FBG), postprandial glucose — 2h (PPG), insulin; total cholesterol (Tc),
triglycerides (TG), low-density lipoprotein cholesterol (LDL-c) and high-density lipoprotein cholesterol
(HDL-c). Objective 2: Evaluate the effect of KestoMix, on the microbiome composition of patients

diagnosed with T2DM

obtain biological samples, patients were instructed to fast for
8 hours, and venous blood samples were collected at baseline
(day 1), day 28, day 56, and at the end of week 12. FBG and
PPG were measured in all samples. HbAlc, insulin, Tc, TG,
LDL-c and HDL-c were measured at baseline and week 12
using standard clinical methods. Blood samples for HbAlc
determination were collected in K3EDTA tubes. Fecal
samples from ten patients in each cohort group were collected
for microbiome characterization studies at baseline and at the
end of week 12. The samples were collected using DNA/
RNA Shield™ Fecal Collection Tubes and stored at room
temperature until processed. The frequency and consistency
of stools were also noted by the volunteers.

Clinical Determinations

The clinical chemistry determinations were made in a
modular immunochemical autoanalyzer Cobas 6000, from
Roche Diagnostic that meets the requirements stipulated

in Directive 98/79/EC of the European Parliament and the
Council of the European Union (EU) on in vitro diagnostic
medical devices, following the Standard Operating
Procedures (SOPs) in force and with the quality control
standards required. The range of quality control standard
were FBG 4.2 — 7.0 mmol/L; PPG <10 mmol/L; Tc 3.6 - 5.2
mmol/L; TG 0.5—1.85 mmol/L; HDL-¢>0.9 mmol/L; LDL-c
2.6 — 3.35 mmol/L; HbAlc < 6%; Insulin 2.6 — 24.94 mIU/
mL. Homeostatic Model Assessment of Insulin Resistance
(HOMA-IR) was calculated with fasting plasma insulin (nU/
mL) x fasting plasma glucose (mmol/L)/22.5.

Lipopolysaccharide (LPS) Determination

The determinations of serum LPS levels (results expressed
in Endotoxin Units) of participating patients were made using
the commercial kit ToxinSensorTM Endotoxin Detection
System (Version 11242021), following the manufacturer's
instructions (www.genscript.com).
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Microbiome Analysis
16S amplicon sequencing

Targeted amplicon sequencing of the 16S rRNA V3-
V4 regions within the ribosomal transcript was performed
by EzBiome (Gaithersburg, MD, USA) using EzBiome’s
protocols and workflow and Standard Operating Procedures.

Amplicon Taxonomic Assignment and Functional
Prediction

Taxonomic profiling of 16S sequencing data was carried
out by directly uploading forward and reverse paired end
reads to the EzBioCloud microbiome taxonomy profiling
platform (www.ezbiocloud.net) as described elsewhere [18].
Briefly, the cloud application of the EzBioCloud detects and
filter out sequences of low quality regarding read length
(<80bp or >2,000bp) and averaged Q values less than 25.
Denoising and extraction of non-redundant reads are carried
out using DUDE-Seq software [19]. The UCHIME [20]
algorithm was applied against the EzBioCloud 16S chimera-
free database to check and remove chimera sequencing.
Taxonomic assignment was performed using the USEARCH
program to detect and calculate the sequence similarities
of the query single-end reads against the EzBioCloud 16S
database. Sequencing reads are clustered into operational
taxonomic units (OTUs) at 97% sequence similarity using
the UPARSE algorithm [21]. Reads from each sample were
clustered into many OTUs using the UCLUST [22] tool
with the above-noted cutoff values. For the EzBioCloud
16S-based microbiome taxonomic profile (MTP) pipeline,
the PICRUSt2 algorithm [23] was used to estimate the
functional profiles of the microbiome identified using 16S
rRNA sequencing. The raw sequencing reads were computed
using the EzBioCloud 16S microbiome pipeline with default
parameters and discriminating reads that were encountered
in the reference database. The functional abundance profiles
of the microbiome were annotated based on bioinformatics
analyses, specifically by multiplying the vector of gene
counts for each OTU by the abundance of that OTU in each
sample, using the KEGG (Kyoto Encyclopedia of Genes and
Genomes) [24] orthology and pathway database.

Amplicon Comparative Statistical and Bioinformatic
Analyses

The study used EzBioCloud Application to perform
subsampling, generation of taxonomy plots/tables, and
rarefaction curves, as well as to calculate species richness,
coverage, and alpha and beta diversity indices. The microbial
richness was measured by abundance-based coverage
estimators, Chaol, Jackknife, and the number of OTUs found
in the MTP index. The Shannon, Simpson, and Phylogenetic
a-diversity indices were applied to estimate the diversity
for each group using the Wilcoxon rank-sum test [25].
Beta diversity was calculated with Bray-Curtis, UniFrac,
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and Generalized UniFrac distances based on the taxonomic
abundance profiles [26]. Permutational multivariate analysis
of variance (PERMANOVA) was applied to measure the
statistical significance of B-diversity (Anderson 2014).
Different groups were clustered with principal component
analysis (PCoA) based on the Jaccard abundance distance
metric. Kruskal-Wallis H test [27] and Effect Size (LEfSe)
[28] analysis were performed to determine enrichment in the
assigned taxonomic and functional profiles between groups.
Taxonomic levels with LEfSe values higher than 2 ata p-value
<0.05 were considered statistically significant. The statistical
analyses were conducted in R program (version 3.6.3 R
Foundation for Statistical Computing, Vienna, Austria)
using several packages, including 'vegan' v2.5-6, 'phyloseq/,
'ggpubr’, and 'ggplot2' v3.3.2. Rarefaction depth was set at
25,000 reads for microbiome analysis. All calculated p-values
were two-tailed and considered statistically significant at
p<0.05. The Benjamini and Hochberg false discovery rate
correction factor [29] was used to correct for errors in null
hypothesis testing when conducting multiple comparisons.

Statistical analysis

All the values of anthropometric and clinical parameters
were initially examined to determine whether they had a
normal distribution using a Shapiro-Wilk test [30]. Non-
normally distributed variables were log-transformed before
analyses and outliers values were eliminated after Boxplot
analyses. Treatment effects of KestoMix were assessed by
comparing the value at baseline and day 84 for each subject
using Paired-Samples t-test. Unpaired t-tests were performed
for comparison between treatment with KestoMix and CG.
For FBG and PPG, which were also measured at day 1, 28, 56
and 84, the comparisons between intra-subject factor (time)
and between inter-subject factor (group) were analyzed with
the application of a two-way Repeated Measure ANOVA.
The correlations among the more abundant phyla and clinical
data were performed using the Spearman’s test. P values
less than 0.05 were considered statistically significant. All
hypothesis tests were evaluated with a level of significance
0.05 with the Statistical Package for Social Sciences (SPSS)
version 23.0.

Results
Study Population

A total of 60 T2DM patients were initially enrolled,
with 30 assigned to the KestoMix group and 30 assigned to
the control group (CG). However, five patients voluntarily
withdrew from the study after the first visit due to personal
or work-related reasons. The final sample size consisted of
28 patients in the KestoMix group and 27 patients in the
CG (Figure 1). Baseline characteristics of the two groups
are summarized in Table 1, and no significant differences
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were found between the groups for most variables, except
for triglyceride levels, which were slightly higher in the CG
and statistically significant compared to the KestoMix group
(p=0.02).

Effect of KestoMix on anthropometric and clinical
parameters

After 12-week intervention, while the CG significantly
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during 120 min in the PPG determination and showed no
difference with the CG (Table 1).

Values represent Mean (95% confidence interval);
M, Metformin; M + Insulin, combination of Metformin
and Insulin; G + I/M, combinations of Glibencamine and
Metformin or Insulin. (m/f) male/female; BMI, body mass
index (kg/m?; HbAlc (kg/m?); FBG (mmol/L); PPG

(mmol/L); Insulin (WU/mL); LPS (EU/mL); Tc (mmol/L);
LDL-c (mmol/L); HDL-¢ (mmol/L); TG (mmol/L). Values
are mean + SD. p! Unpaired t-tests comparison between
KMG and CG Day 1; p? Unpaired t-tests comparison between
KMG and CG day 84; p* Paired t-tests comparison between
day 1 and 84 of CG and p* Paired t-tests comparison between
day 1 and 84 of KMG; Significance difference p<0.05.

lost weight and BMI, KestoMix had no significant impact
on body weight and BMI. Similarly, the changes of FBG,
HbAlc, HOMA-IR and insulin concentrations over the
course of the experimental period were not different between
KMG and CG or day 1 and day 84 of the same group. Also,
KestoMix had no effect on plasma glucose concentrations

Table 1: Anthropometric and physiological data for the participants at baseline and the end of the KestoMix intervention.

CG KMG
Day 1 Day 84 Day 1 Day 84 p’ p? pt p*
n=27 n=28 -

T2DM Medication
M 10 12
Insulin 2 7
M + Insulin 7 1
G+IM 6 3
No Medication 2 5
Metric
Sex (m/f) 13/14 14/14 - - - -
Age (years) 56.4 (54.1-58.7) 58.0 (56.0-59.9) 0.29 - - -
High (m) 1.66 (1.62-1.70) 1.67 (1.63-1.71) 0.89 - - -
Weight (kg) 85.1 (79.1-92.7) 83.0 (77.3-89.1) 83.0 (77.0-89.5) 82.9 (77.3-89.0) 0.55 0.98 | 0.00 0.93
BMI 30.8 (28.7-33.1) 29.8 (28.0-31.8) 29.7 (27.7-31.9) 29.6 (27.6-31.9) 0.45 0.89 | 0.00 0.91
FBG 7.4 (6.6-8.3) 7.9 (7.2-8.7) 7.0 (6.0-8.1) 7.2 (6.4-8.0) 0.6 0.08 | 0.12 0.71
PPG 10.6 (9.3-12.1) 11.1 (9.5-13.0) 10.7 (8.7-13.1) 10.1 (8.8-12.4) 0.92 045 | 048 0.4
HbA1c 7.2 (6.6-7.8) 7.1 (6.4-7.9) 6.9 (6.2-7.8) 7.1(6.4-7.9) 0.74 0.44 | 0.92 0.67
Insulin 16.4 (12.0-22.6) 18.0 (14.3-22.5) 19.2 (14.0-26.4) 15.8 (11.8-21.3) 0.39 0.79 0.33 | 0.19
HOMA-IR 4.2 (2.9-6.1) 5.3 (3.9-7.0) 3.7 (2.7-5.2) 3.6 (2.6-5.0) 0.54 0.91 0.09 | 0.72
LPS 0.42 (0.29-0.54) 0.30 (0.21-0.40) 0.36 (0.30-0.41) 0.39 (0.33-0.46) 0.29 0.10 0.02 0.33
Tc 4.4 (4.1-4.6) 5.1 (4.7-5.4) 4.8 (4.4-5.2) 4.7 (4.3-5.2) 0.09 0.25 0.00 | 0.76
LDL-c 2.7 (2.5-3.0) 3.4 (3.1-3.8) 3.2(2.8-3.7) 2.6 (2.2-3.0) 0.10 0.00 0.00 | 0.00
HDL-c 1.1 (1.0-1.2) 1.1 (1.0-1.2) 1.1 (1.0-1.2) 1.0 (0.9-1.1) 0.56 0.53 0.21 0.12
TG 1.9 (1.6-2.2) 1.1 (1.0-1.3) 1.5 (1.2-1.9) 1.3 (1.0-1.7) 0.04 0.42 0.00 | 0.31

Values represent Mean (95% confidence interval); M, Metformin; M + Insulin, combination of Metformin and Insulin; G + I/M, combinations
of Glibencamine and Metformin or Insulin. (m/f) male/female; BMI, body mass index (kg/m?); HbA1c (kg/m?); FBG (mmol/L); PPG (mmol/L);
Insulin (uU/mL); LPS (EU/mL); Tc (mmol/L); LDL-c (mmol/L); HDL-¢ (mmol/L); TG (mmol/L). Values are mean =+ SD. p' Unpaired t-tests
comparison between KMG and CG Day 1; p? Unpaired t-tests comparison between KMG and CG day 84; p® Paired t-tests comparison between
day 1 and 84 of CG and p* Paired t-tests comparison between day 1 and 84 of KMG; Significance difference p<0.05.

FBG and PPG were also measured at day 1, 28, 56 and 84 (Figure 2) and they were analyzed with the two-way Repeated Measure ANOVA.
The Mauchly's test of Sphericity was not significant neither for FBG (p=0.142) nor PPG (p=0.481). The comparison between the intra-subject
factor (time) with sphericity assumed showed no difference for FBG (p=0.081) or PPG (p=0.937). The Box's M test for inter-group comparison
showed homogeneity of covariance matrices, p=0.079 and p=0.172 for FBG and PPG, respectively. Then, comparison between CG and KMG
showed not significant differences for FBG (p=0.338) nor PPG (p=0.764).
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Figure 3: The relative abundance of gut bacteria found within metagenome datasets
by phenotype. The relative abundance of major phyla (A) and genera (B).
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FBG and PPG were also measured at day 1, 28, 56 and 84
(Figure 2) and they were analyzed with the two-way Repeated
Measure ANOVA. The Mauchly's test of Sphericity was not
significant neither for FBG (p=0.142) nor PPG (p=0.481).
The comparison between the intra-subject factor (time) with
sphericity assumed showed no difference for FBG (p=0.081)
or PPG (p=0.937). The Box's M test for inter-group
comparison showed homogeneity of covariance matrices,
p=0.079 and p=0.172 for FBG and PPG, respectively. Then,
comparison between CG and KMG showed not significant
differences for FBG (p=0.338) nor PPG (p=0.764).

Supplementation of KestoMix has a different effect on
lipid profile. No influence was observed on HDL-c, both in
the CG and KMG. While Tc (4.4 mmol/L (4.1-4.6) vs 5.1
mmol/L (4.7-5.4) p <0.05) and LDL-c (2.7 mmol/L (2.5-3.0)
vs 3.4 mmol/L (3.1-3.8) p < 0.05) concentrations increased
significantly in the CG, KestoMix significantly reduced
serum LDL-c concentration at week 12 compared to that in
the CG (2.6 mmol/L (2.2-3.0) vs. 3.4 mmol/L (3.1-3.8), p <
0.05) and the total amounts of cholesterol were unchanged in
the KMG (p=0.76) (Table 1).

Analysis of the gut microbiota composition

To evaluate the effect of KestoMix on 20 T2DM patients
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gut microbiota, we analyzed the 16S ribosomal ARN
sequences in stool samples collected at baseline (Day 1) and
the end of the intervention (Day 84) from KMG and CG. The
analysis of taxonomic profiles at the beginning and end of the
study indicates a prevalence of microorganisms belonging to
Bacteroidetes, Firmicutes, Proteobacteria, and Actinobacteria
phyla, with Bacteroidetes and Firmicutes dominating over
90% of the total relative abundance, both in CG and KMG.
The relative abundance of Actinobacteria increased from
3.2 to 6.1% of OTUs in the KMG, but decreased from 3.7 to
2.6% of OTUs, in the CG. While the relative abundance of
Proteobacteria decreased in both groups, as well as the relative
abundance of Firmicutes in the KMG, Bacteroidetes increased
in both groups. Consequently, the Firmicutes/Bacteroidetes
ratio decreased but Bacteroidetes/Proteobacteria ratio was
significantly higher in the KMG in comparison to these of
CG, at day 84 (p=0.046) (Figure 3A).

Taxonomic analysis at the genus level revealed a high
level of complexity, with as many as 20 genera comprising up
to 70% of the gut microbiota, as shows Figure 3B. Prevotella,
Blautia, Faecalibacterium, and Bacteroides are among the
most abundant and important genera of indigenous bacteria
that have established a symbiotic relationship with the human
body over time. Following KestoMix treatment, there was
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Figure 4: Bacterial species represented in high Relative Abundance in the gut microbiome at day 1 and 84 in the CG and KMG. (A) Indigenous
bacteria (B) Probiotic bacteria. The relative abundance of genus was expressed as the media with the standard deviation. Unpaired t-tests
comparison was used to analyze differences between KMG and CG at the same day; Paired t-tests comparison was used to analyze differences

between day 1 and 84 of the same group. *(p-value < 0.05).
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a notable increase in the abundance of probiotic bacteria,
such as Bifidobacterium and Lactobacillus. The MTP set
analysis demonstrated a significant increase in the abundance
of Blautia (p=0.034) and Lactobacillus (p=0.016) relative
to day 1 following the KestoMix intervention. In addition,
the KestoMix group exhibited a significant increase in
Bifidobacterium abundance compared to day 1 (p=0.007) and
the control group at day 84 (p=0.002). At the end of the study,
no significant differences were observed in the abundance
of Bacteroides and Prevotella compared to day 1, although
their average relative abundance increased. The changes in
the abundance of these genera were less pronounced in the
control group, as depicted in Figure 4.

To evaluate the alpha-diversity between CG and KMG
microbiome datasets, we employed three indices; Shannon
(richness and evenness), Simpson (a diversity measure that
considers both richness and evenness), and Chaol (estimates
the total richness). While Shannon and Simpson indices
showed no differences between groups and days; Chaol

Species diversity (A)
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showed a significant difference between the KMG at day
84 with respect to KMG at day 1 (p=0.02) and with respect
to CG at day 1 (p=0.00) and 84 (p=0.00), with the KMG at
day 84 showing lower species richness in agreement with the
lower OTUs detected in KMG after 84 days of intervention.
Good's coverage, which reflects the depth of sequencing,
was significantly lower in KMG compared to that in the CG
at the beginning (p=0.00) and end (p=0.00) of the trial but
increased significantly in the KMG at the end of treatment
(p=0.01) (Figure 5). There were no statistically significant
changes observed in Beta Diversity among the groups that
were evaluated. UPGMA clustering demonstrated that the
microbiome samples from individuals clustered together
regardless of the date of sample collection. While the Unifrac
distances between Day 1 and Day 84 in the KestoMix cohort
differed, the difference was not statistically significant.

To explore the correlations between the composition
of the intestinal microbiota and clinical data, we analyzed
the associations between more abundant phyla and clinical
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Figure 5: Alpha-diversity comparisons in the gut microbiomes. Boxplots for comparison of species diversity by Shannon
index (A), species richness and evenness by Simpson index (B) and species richness by Chaol index (C). Number of observed
OTUs (D); Phylogenetic diversity (E) and Good's coverage of library (F). Unpaired t-tests comparison was used to analyze
differences between KMG and CG at the same day; Paired t-tests comparison was used to analyze differences between day 1
and 84 of the same group. Boxplots indicate means and error bars denote maximum and minimum. *(p-value < 0.05).
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outcomes in both patient groups. A negative significant
correlation was observed between the relative abundance of
Actinobacteria and Tc (p=0.020, p=-0.387), as well as LDL-c
(p=0.015, p=-0.404). Tc was also negatively correlated with
the relative abundance of Proteobacteria (p=0.020, p=-0.387).
Conversely, PPG was positively correlated with the relative
abundance of Firmicutes (p=0.01, p=0.426), but negatively
correlated with the relative abundance of Proteobacteria
(p=0.034, p=-0.353), as shown in Table 2.

Relative abundance of the KEGG orthologies (KOs)

Functional biomarkers were identified as putative using
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PICRUSt2 to infer relative abundances of functional genes
from taxonomic data, and LEfSe was employed to identify
discriminatory features that explain the functional and
taxonomic differences between Day 1 and Day 84 in the
KestoMix cohort (Table 3).

The analysis revealed that the most abundant KO was
K07492 (80.6%), which encodes for the putative transposase
enzyme. The second most expressed gene was K21449
(50.6%), which encodes for the trimeric autotransporter
adhesin. Another important KO gene that provides insight
into the healthy microbiome restoration in these individuals

Table 2: Correlations between more abundant phyla and clinical characteristics.

Actinobacteria Bacteroidetes Firmicutes Proteobacteria
FBG -0.034 -0.185 -0.06 0.094
PPG -0.259 0.222 0.426** -0.353*
Tc -0.387* 0.205 0.21 -0.387*
HDL-c 0.058 -0.148 -0.041 0.069
LDL-c -0.404* 0.234 0.145 -0.327
TG 0.048 -0.169 -0.118 -0.058
HbA1c -0.058 -0.052 0.086 -0.12
Insulin -0.258 -0.026 0.223 0.01
HOMA-IR -0.205 -0.06 0.211 -0.014
LPS -0.102 -0.117 0.015 0.161
Weight 0.161 0.163 -0.167 0.15
BMI 0.226 0.053 -0.204 0.307

Data were analyzed by Spearman bivariate correlations. *p < 0.05, **p < 0.01.

Table 3: Principal Functional Biomarkers identified by PICRUSt and LEfSe Analysis to Treated in the KestoMix cohort.

Relative Abundance of Genes

Ortholog Definition p-value Ke;:;l;llix K;z;ogll;x Diff?o;,e)nce
K07492 putative transposase 0.034 0.015 0.026 80.6
K21449 trimeric autotransporter adhesion 0.011 0.065 0.097 50.6
K01854 UDP-galactopyranose mutase 0.027 0.061 0.073 38.7
K03646 colicin import membrane protein 0.011 0.035 0.046 33.0
K16786 energy-coupling factor transport system ATP- binding protein 0.041 0.023 0.013 285
K02529 Lacl family transcriptional regulator 0.011 0.127 0.162 27.8
K06889 uncharacterized protein 0.041 0.074 0.092 23.9
K08083 two-component system, LytTR family, response regulator AlIgR 0.027 0.038 0.046 22.5
K21064 5-amino-6-(5-phospho-D-ribityl amino)uracil phosphatase 0.034 0.076 0.092 20.7
K03498 trk system potassium uptake protein 0.027 0.060 0.072 19.7
K03657 DNA helicase Il / ATP-dependent DNA helicase PcrA 0.022 0.085 0.100 17.9
K02030 polar amino acid transport system substrate- binding protein 0.018 0.116 0.134 15.5
K02003 putative ABC transport system ATP-binding protein 0.034 0.128 0.147 14.5
K00845 Glucokinase 0.011 0.123 0.134 9.3
K03609 septum site-determining protein MinD 0.022 0.046 0.059 -23.8
K00529 S'phe”y'gﬁgfg;fggﬂ;:;”e”gg::;i:L"n’;yge”ase 0.034 0.033 0.020 395
K07676 two-component system, NarL family, sensor histidine kinase RcsD 0.041 0.040 0.024 -39.6
K02063 thiamine transport system permease protein 0.006 0.029 0.040 -45.0
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was detected at 38.7% (K01854). The expression of K03646
at 33% is also crucial for maintaining intestinal health induced
by the KestoMix formulation.

Discussion

Effect of KestoMix on anthropometric and clinical
parameters

The present study investigated the effects of KestoMix
supplementation on glucose and lipids metabolism in
T2DM patients. The study participants maintained their
diabetes under control, as evidenced by their mean baseline
FBG concentration of 7.2 mmol/L, which showed no
significant differences between Days 1 and 84, even after a
12-week KestoMix intake. This observation is noteworthy,
considering that the KestoMix composition includes
glucose at 22.0% (w/w) and sucrose at 20.2% (w/w). It is
also important to note that the control group received only
370 mg inulin, which is much lower than the recommended
daily intake of 10 g necessary to achieve a prebiotic effect.
Various studies on the effects of FOS or inulin consumption
by type 2 diabetic patients on plasma glucose have reported
divergent results [31-33]. In agreement with our results,
Luo et al. (1996) reported that daily intake of 15-20 g FOS
did not significantly affect blood glucose in patients with
T2DM [34], in other study in obese women, 16 g inulin-
type fructans/d did not significantly modify HbAlc, fasting
glycemia and HOMA index [35]. Conversely, adverse effect
on glucose metabolism, demonstrated by OGTT, has been
reported for short-term intake of high dose FOS intervention
in healthy young population [14]. However, trial design,
cohort composition, and dose of prebiotics can also impact
on the results. The FOS used in our trial was produced via
the transfructosylation reaction from sucrose, with sucrose as
the raw material [7]. In other trials, FOS were from different
sources and companies Raftilose P95; from ORAFTI, Tienen,
(Belgium) [36]; ACTILIGHT from Béghin Meiji Industries,
Neuilly sur Seine, (France)[34]; Neosugar® from Meiji Seika
Co (Japan) [37] and QHT-Purity95% from Quantum Hi-
Tech (China) [14]. The effects of KestoMix supplementation
on lipids metabolism in patients with type 2 diabetes was
also investigated in the present work. The study found no
significant effect of KestoMix supplementation on Tc, HDL-c
and TG, but it tended to lower LDL-c. Similarly, other studies
with inulin-type FOS showed constant concentrations of
serum lipids in fasting subjects [38]. The reduction of LDL-c
could be associated to the negative correlation observed
between Actinobacteria and LDL-c.

Phyla composition of gut microbiota

Gut microbiota at the beginning and end of the study
showed the prevalence of four main phyla: Firmicutes,
Bacteroidetes, Proteobacteria and Actinobacteria, with
Gram-negative Bacteroidetes (less than 30%) and Gram-
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positive/negative Firmicutes (more than 60%) dominating
over 90% of the total relative abundance, both in CG and
KMG of T2DM patients. These four dominant phyla have
been reported both in T2DM and healthy controls [39].
However, the differences of phyla abundance in the intestinal
microbiota composition between humans with T2DM and
non-diabetic persons is controversial. The abundance of
Firmicutes, Bacteroidetes, Proteobacteria and Actinobacteria
phyla in T2DM or Metabolic syndrome has been reported
without significant difference from healthy controls , however
Ahmad et al., 2020 [40], revealed an increased abundance of
Firmicutes in the microbiomes of obese-T2DM individuals
while the proportions of phylum Firmicutes were significantly
reduced in the diabetic group compared to the control group
according to Larsen 2010 [4]. The Firmicutes/Bacteroidetes
ratio in this study is in agreement with the recent evidence
found in T2DM patients, this proportion, however, was also
found in non-diabetic controls [41]. Our results contrast with
those found in obese, T2DM and patients with Metabolic
syndrome where Bacteroidetes is the dominant phylum [42];
but this high proportion of Bacteroidetes was also reported in
healthy persons [39].

Influence of KestoMix on gut microbiota proportions

T2DM, obesity, metabolic syndrome and other disorders
has been associated with low bacterial diversity. On the
other hand, it is expected that FOS consumption increase
microbiome diversity, since inulin type FOS, like 1-kestose,
are considered fiber [35], however some studies in mice
and human showed no significant differences in Shannon
diversity between the placebo and those groups supplemented
with FOS. In our study was observed a reduction in Shannon
diversity by FOS supplementation, this result is similar to
those reported by Kato et al. [43]. It is important to note
that over half of the patients in each group used metformin,
which has been shown to decrease the Shannon index [44].
After KestoMix consumption, the predominant phyla found
in the basal phase were observed but also was detected the
presence of around 1 % Tenericutes OTUs. Overall, this
observation suggests that KestoMix intake does not disrupt
or alter the original composition of the gut microbiome
in T2DM patients, but only leads to changes in existing
taxonomic proportions. Notably, in both groups, the
relative abundance of Proteobacteria decreased and that of
Bacteroidetes increased, while the KMG exhibited a decrease
in Firmicutes. After KestoMix treatment, an increase in
Bacteroidetes levels was observed due to the increase in
Bacteroides and Prevotella, along with improvement in
Blautia and Lactobacillus levels, although there was no
increase in the relative abundance of Firmicutes. The KMG
showed a reduction in the Firmicutes/Bacteroidetes ratio and
a significant increase in the Bacteroidetes/Proteobacteria ratio
compared to the CG at day 84. Several studies have shown
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that Proteobacteria have a negative impact on human health
[45]. The higher abundance of Phylum Proteobacteria in the
T2DM and the obese microbiome when compared to healthy
controls has been reported. Proteobacteria may represent an
imbalance in the gut microbial community and be a potential
marker of dysbiosis [46]. A recent study on the meta-analysis
of microbial community dynamics, employed a network
to study the interactions through microbial association
between healthy and disease gut microbiomes showed that
Proteobacteria interactions were significantly enriched in all
disease networks [40].

The present study revealed that the intestinal Gram-
negative bacteria Bacteroidetes/Proteobacteria ratio was
significantly higher (p=0.046) in the KMG in comparison to
those of CG, atday 84. Lipopolysaccharides (LPS) are the main
compounds of cell walls in Gram-negative bacteria [47]. LPS is
one of the potent virulence factors of Gram-negative bacterial
species and it is known as potent stimulators of inflammation,
which can exhibit endotoxemia [4]. Increased level of Gram-
negative gut bacteria correlates with high circulating LPS and
high insulin resistance in T2DM [48]. Of note, the activity
of LPS of Bacteroidetes is less effective compared with that
of other Gram-negative bacteria [49]. Recently, Blautia has
been of particular interest since accumulating evidence has
demonstrated a link between this genus and the alleviation of
inflammatory and metabolic diseases, and its association with
the production of health-promoting compounds such as short-
chain fatty acids (SCFAs) or antimicrobial peptides against
specific microorganisms [50]. B. wexlerae, was identified as a
commensal bacterium that is inversely correlated with obesity
and type 2 diabetes mellitus [51] and is also associated to the
decrease of insulin resistance in obese individuals [40]. In
this study, a significant increase in Blautia genus (p=0.034),
was also observed after KestoMix treatment. The effect of
FOS on the Blautia population has shown discrepant results,
a significant increase in the relative abundance of Blautia in
the FOS high-dose group was observed in mice. Otherwise,
studies in human showed no significant difference in the
absolute number of Blautia during FOS intake or a decrease
compared to the placebo group after 1-kestose consumption
[12]. The relative abundance of Actinobacteria increased in
the KMG but decreased in the CG. The increased level of
Actinobacteria following KestoMix treatment was due to the
increase in Bifidobacterium mainly B. adolescentis and B.
longum. Liu and co-workers also observed in healthy young
population an increase at phylum level of Actinobacteria by
arise in the relative abundance of Bifidobacterium after FOS
and GOS intake [14]. The bifidogenic activity of inulin-type
FOS, mainly 1-kestose, have been extensively reported. The
scFOS consumption of 10 g/d dose significantly increased
fecal bifidobacteria in healthy volunteers consuming
their usual diet [52]. The relative abundance of fecal
Bifidobacterium was significantly increased in 1-kestose-
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supplemented obesity-prone participants compared to that
in controls [12], 1-kestose levels showed substantial rises
in Bifidobacterium and Faecalibacterium in the in vitro gut
microbiota composition of normal-weight individuals [53].
These probiotic bacteria correlated well with carbohydrate
metabolism as well as a positive impact on the production
of SCFAs [15] and with gut microbiota recovery following
antibiotic intake, specifically B. adolescentis [54]. In this
study, it was observed that KestoMix intake resulted in
an increase in populations of Bifidobacterium, as well
as Bacteroides and Prevotella. These three bacteria are
known to metabolize FOS to produce acetate, as previously
reported [10], largely because most enteric bacteria including
Bacteroides, Prevotella and Bifidobacterium produce acetate
from pyruvate via the acetyl-CoA pathway [55]. The larger
production of lactic acid and acetate by Bifidobacteria is
obtained by a preferential fermentation of 1-kestose instead
of nystose or FOS with higher degree of polymerization [11].
The release of acetate, a short-chain fatty acid, is known to
inhibit the growth of certain pathogens such as Clostridium
histolyticum, which are sensitive to low pH [56]. Additionally,
acetate has been shown to reduce the adhesion of pathogens
to the intestinal mucosa, which can help prevent infections
[57]. However, a decrease in the number of beneficial bacteria
such as Bifidobacterium can create a favorable environment
for the colonization of harmful bacteria that release LPS.
These LPS can induce the production of pro-inflammatory
cytokines, which can weaken the intestinal wall and allow
bacterial antigens to enter the bloodstream and organs. This
can lead to subclinical inflammation and other health issues,
such as insulin resistance and obesity [58]. The increased
circulation of LPS in the body raises the concentration of
triglycerides and glucose. The deficiency of Bifidobacterium
contributes to obesity and insulin resistance in the progress
of type 2 diabetes [59]. Therefore, even when no differences
were observed in the LPS concentration in the KMG between
day 1 and 84, the rise of Bacteroidetes/Proteobacteria ratio
and the increased level of Actinobacteria likely due to the
increase in Bifidobacterium could be beneficial in a long-term
control LPS levels.

Relative abundance of the KEGG orthologues (KOs)

LEfSe analysis identified the ortholog gene K21449 in
over 50% of the expression data analyzed. This gene codes
for a trimeric autotransporter adhesin. This observation
suggests that this gene can be used as a microbiome
biomarker in healthy individuals who have high levels of
Firmicutes, specifically the genera Blautia, Clostridium,
Eubacterium, and Faecalibacterium [60]. Firmicutes is a
phylum of bacteria commonly found in the human gut, and
some members of these genera are known to have beneficial
effects on human health. Overall, the identification of this
ortholog gene and its association with certain bacterial
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genera may provide insight into the composition of the
gut microbiome in healthy individuals, which could have
implications for the development of strategies to promote gut
health. Microbiome interrogation also identified an ortholog
gene K01854, that was detected in 38.7% of the expression
data analyzed. This gene is involved in the expression of
UDP-galactopyranose mutase, an enzyme that plays a key
role in galactose metabolism, as well as amino sugar and
nucleotide sugar metabolism. This enzyme is important
for the production of cellular energy and the modification
of proteins and glycolipids. The expression of this gene is
significantly higher in healthy controls compared to colorectal
cancer patients. This finding suggests that the regulation of
galactose metabolism and related metabolic pathways may
play a role in maintaining a healthy gut microbiome. Overall,
the identification of this ortholog gene and its association with
healthy controls and colorectal cancer patients could have
important implications for the development of new therapies
and strategies to promote gut health and prevent colorectal
cancer [60]. Both Bacteroides spp. and Bifidobacterium
spp. play important roles in galactose metabolism in the
gut, and they are known to have protective effects against
inflammatory diseases [61, 62]. Bacteroides spp. are involved
in the breakdown of complex polysaccharides, which can
produce SCFAs that are beneficial for colon health [60].
Bifidobacterium spp. can metabolize galactose into SCFAs,
which can provide energy for colonocytes and help to
maintain the integrity of the gut barrier [63]. The expression of
K03646 in 33% is also important for intestinal health induced
by KestoMix formulation. This ortholog gene codified for the
colicin import membrane protein with important antibacterial
properties [64]. Colicin import membrane protein is a
bacteriocin, a large and heterologous group of toxins with
antibacterial properties but not considered as antibiotics.
Among Gram-negative bacteria, the Enterobacteriaceae
are the major producers of bacteriocins, which are classified
in two categories: low molecular weight bacteriocins or
microcins (less than 10 kDa), and high molecular weight
bacteriocins including colicins produced by Escherichia coli
(25 to 80 kDa) [65]. There is increasing interest in protein
bacteriocin import; from a fundamental perspective to
understand how folded proteins are imported into bacteria
and from an applications perspective as species specific
antibiotics to combat multidrug resistant bacteria.

Limitation of the study

This study has limitations, principally in the sample size
of the population analyzed for microbiome composition. As
indicated earlier, this study represents a pilot study from
which to gather data for a larger study from which more in-
depth information can be obtained regarding the microbiome
of treated patients with KestoMix. This is particularly
important in view that the diversity of human microbiota
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compositions is unique to each individual [66] and as such it
is important to evaluate a larger sample size to ascertain the
significant observations reported here. Another shortcoming
and one that would be addressed in a larger, subsequent study
is that the authors did not elaborate on the caloric intake and
dietary pattens (proportion of plant vs animal-based diet) of
participants as these may have an indirect effect in several
biological parameters studied including cholesterol levels.

Conclusions

Based on the findings of the study, it appears that
KestoMix is effective in promoting a favorable change in
gut microbiome, specifically by increasing the populations
of Bifidobacterium, Blautia, and Lactobacillus. These
three genera have been classified as beneficial intestinal
commensals, which suggest that the consumption of
KestoMix could have positive effects on gut health. Although
the study did not find significant effects on glucose and
lipid metabolism in patients with T2DM, it is possible that
a different formulation of KestoMix with lower sucrose or
glucose concentrations could have different effects on these
metabolic parameters. The study also suggests that the
bifidogenic effect of KestoMix may confer long-term benefits
in complications associated with T2DM and other dysbiosis.
This is because the gut microbiota plays an important role
in maintaining overall health and is known to be disrupted
in individuals with T2DM and other metabolic disorders.
By promoting the growth of beneficial bacterial populations,
KestoMix may help to restore a healthy gut microbiota and
reduce the risk of complications associated with dysbiosis.
These observations will have to be validated in a subsequent
study with a greater, statistically valid sample size of fecal
samples earmarked for microbiome analysis.
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