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Box S1. Short description of different omics.  
Multiomics: complex organisms, such as the human body, have multiple cells with different functions in which mi-
crobes, nutrients, contaminants, and/or other environmental factors interact, generating a multitude of signalling 
pathways that can vary from defence mechanisms (immune activation) to disease and cell death. Recently, multi-
omics studies are encouraged to access different layers of cell information, especially in disease state, helping to un-
derstand the flow of information between layers of two or more omics. The term “-omics/-ome” designates a broad 
comprehensive assessment of a set of biomolecules using high-throughput and high-resolution technologies. Omics 
include Genomics, Epigenomics, Transcriptomics, Proteomics, Metabolomics and Metagenomics. 
Genomics: one of the earliest and the most established and developed of all the omics. Genomics evolved from ge-
netics (individual genes), and comprises the whole genome information: exons, introns, repeats, intragenic regions 
and promoters. This enables to map specific genetic variants that dictate different phenotypes (ex. genetic disorders 
that lead to disease). In 1977, Fredrik Sanger and co-workers developed the first widely used sequencing method [1], 
enabling the first human genome studies in 1990 [2]. DNA synthesis is randomly terminated at different lengths, 
fragments are separated by 1 nucleotide size difference and fluorescence is read [1]. In 2006, a new technology al-
lowed thousands of DNA molecules to be sequenced in parallel, the Roche 454 GS FLX inaugurated the Next Gener-
ation Sequencing (NGS) [3]. Since then, many other NGS techniques have evolved to be more efficient, cheaper, 
quicker and high-throughput [4]. 
Epigenomics: the most recent of the omics. Epigenomic consists in characterizing reversible chemical changes to 
DNA and histones, such as DNA methylation or histone acetylation. These covalent modifications can be caused by 
genetic and environmental factors and are major regulators of gene transcription and cell development [5]. Modifica-
tions can be permanent and sometimes heritable, and can lead to disease [6], such as cancer [7,8] and metabolic syn-
drome [9–13]. NGS technologies enable epigenome assessments [14] and the first Human epigenome is underway 
[15,16]. 
Transcriptomics: consists in studying the cell RNA transcripts. At least 76% of the Human genome is transcribed into 
RNA, and only ≈1.2% of this RNA is protein-coding [17–19]. NGS techniques allowed to oversee the whole RNA 
transcription. Thus, findings were made in short and circular RNAs [20] and, recently, the role of non-coding RNA 
was discovered to have significant contribution in mammalian physiological processes, such as to adipose differenti-
ation [21], and others [22].   
Proteomics: is the cell protein state in a giving condition. Proteomics can be quantitative (peptide abundance) and 
qualitative (modifications and interactions). 2D gel techniques are the beginning of these studies, comparing whole 
protein profiles between two conditions [23]. With this laborious technique it was hard not only to reproduce results 
but also to isolate/pin-point proteins that are modified, interact with other proteins or alter quantity. Mass Spec-
trometry (MS) based technologies revolutionized the proteomics field allowing high-throughput and high-resolution 
analysis [24]. Ultra-high pressure liquid chromatography coupled with high resolution Mass Spectrometer detectors 
are able to analyse large protein fractions (identifying and quantifying), and measure post-translational modifications 
(e.g. glycosylation, ubiquitination), protein oxidation (carbonylation) and other modifications [24].  
Metabolomics: this relatively recent field enables to measure the whole spectrum of small molecules, such as amino 
acids, fatty acids, carbohydrates, and other metabolites. Small molecules relative and targeted abundance were ena-
bled when new technologies such as high-resolution MS and Nuclear Magnetic Resonance spectroscopy emerged 
[25–29]. New metabolites have been discovered to play a significant role in signalling pathways (e.g. SCFAs) [27].  
Metagenomics: the study of genetic material directly from environmental samples. Microbiomics, the largest of 
Metagenomics, consists in identifying and quantifying microbes: bacteria, fungi and viruses. Most studies focus on 
bacteria (bacteriome since it was found out that the 16S rRNA gene enables to identify and phylogenetically correlate 
with other bacteria). Before molecular techniques, only culture-based methodologies were available and were unable 
to give a glance on the bacteriome. With sequencing, the microbiome field is rapidly expanding, helping to identify 
the microbiota and its interactions with other organisms, e.g. gut microbiota. Everyday new NGS techniques enable 
cheaper sequencing of full genes (e.g. whole 16S rRNA gene) and parts of full genomes. This provides additional 
resolution to distinguish closely related microbes and determine their function/phenotype in a given microbial 
community [30,31]. 
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Table S1. Summary of Human nutritional intervention/observational studies with different dietary components or patterns. 

Dietary compo-
nent/ pattern 

Study design (species: Human) Impact upon the composition of gut microbiota, metabolite production and/or intestinal barrier integ-
rity 

Reference 
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Observational cohort study: 52 overweight/obese participants, 23 
females, 29 males (mean age 17.3 years), majority of Hispanic 
background. Dietary macronutrients (including fructose) evaluated 
using 24-h diet recalls. 

High dietary fructose correlated with lower abundance of beneficial gut genera Streptococcus and Eubacte-
rium, which are involved in carbohydrate metabolism. 

[32] 

Non-randomized, crossover, interventional study: 12 metabolically 
healthy subjects, 7 females and 5 males (mean age 26.3 years). 
Nutritional standardization occurred during a 4-day period; then 
complex carbohydrates were either substituted by fructose or 
glucose (25% of total energy intake, ≈160 g/day, provided as jelly) 
for 3 days (a washout phase of at least 3 weeks separated these 2 
replacement events). 

Increased bacterial endotoxin values as well as TLR2, TLR4 and myeloid differentiation factor 88 (MYD88) 
mRNA expression levels were found in peripheral blood mononuclear cells. Authors suggest these effects 
can translate into an altered intestinal barrier function due to the ingestion of large amounts of fructose. 
However, they refer this needs to be further addressed in future studies. 

[33] 
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Prospective, single-center, interventional study: 16 cow’s milk 
protein-allergic (CMA) infants (mean age 7.5 months) and 12 
healthy control infants (mean age 6.9 months). CMA infants suc-
cessively fed with extensively hydrolyzed formula without lactose 
and an equal lactose-containing formula (for 2 months/diet). 

The presence of dietary lactose significantly increased bifidobacteria and lactobacilli counts and decreased 
Clostridia, Prevotella and Bacteroides numbers in faecal samples of allergic children, approaching the values 
found in healthy controls. Finally, lactose significantly upregulated total SCFA concentration, mainly 
acetate and butyrate. Reported effects clearly show beneficial prebiotic potential of dietary lactose in these 
allergic infants. 

[34] 
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Prospective, randomized, double-blinded, placebo-controlled, 
parallel arm, interventional study: 80 healthy participants (aged 18 
to 55 years) allocated to 1 out of 4 groups: FOS (2.5, 5 and 10 g/day) 
or maltodextrin (10 g/day (placebo)), during the dosage phase. 
Sample collection occurred at basal phase (day 1 to day 60), dosage 
phase (day 60 to day 150) and follow-up phase (day 150 to day 210). 

Prebiotic intake resulted in a significant increase in gut microbiota diversity, namely the beneficial 
Bifidobacterium and Lactobacillus, when compared to placebo. However, withdrawal of FOS (follow-up) led 
to a reduction in the overall abundance levels. A positive impact of FOS was observed in certain butyr-
ate-producing microbes, like Ruminococcus, Faecalibacterium and Oscillospir. The increase in butyr-
ate-producing bacteria and bacterial diversity by FOS consumption reinforces the beneficial impact of these 
prebiotics upon the host. 

[35] 

Randomized, placebo-controlled, interventional study: 45 healthy 
young individuals (aged 20 to 25 years) assigned to 1 out of 3 
groups that were supplemented with Lactobacillus salivarius UBL 
S22 (probiotic strain), with or without prebiotic FOS (10 g/day), or 
placebo (gelatin capsules), for 6 weeks. 

The probiotic alone and probiotic + FOS combination modulated the gut microbiota by significantly in-
creasing the total counts of beneficial lactobacilli and decreasing Escherichia coli, when compared to baseline 
and placebo group. The coliform count was significantly reduced in the probiotic + FOS group, but not in 
the probiotic alone. Overall, the effects of the probiotic + FOS combination were more pronounced than the 
ones of probiotic alone. These results highlight the positive modulation of gut microbiota by probiotics and 
FOS consumption, by increasing commensal groups and by reducing potentially harmful bacteria. 

[36] 

Randomized, double-blinded, placebo-controlled, parallel, inter- Bifidobacteria proportion was significantly higher in the GOS+FOS treated-women versus the maltodex- [37] 
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ventional study: 48 healthy pregnant women (aged 18 to 45 years, 
in their last trimester of pregnancy) supplemented, 3 times/day, 
with 3 g GOS/long chain FOS (ratio 9:1) or placebo (6 g maltodex-
trin) from the 25th week of gestation until delivery. 

trin-treated ones. However, percentages of lactobacilli did not differ between the 2 groups. In neonates, 
GOS and long chain FOS supplementation did not affect bifidobacteria and lactobacilli percentages, mi-
crobial diversity and foetal immunity. 
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Randomized, double-blinded, placebo-controlled, parallel, inter-
ventional study: formula-fed healthy term newborns completed the 
first 4 months of life with control (68 infants) or 0.8 g/dL oli-
gofructose-enriched inulin (63 infants) supplemented infant for-
mula. Additionally, 57 breastfed newborns (BF) were included for 
comparison. 

Oligofructose-enriched inulin supplemented formula allowed newborns to have a microbiota composition 
closer to that of BF newborns, with a tendency toward increased total Bifidobacterium counts. Additionally, 
supplemented formula-fed newborns had lower numbers of Enterobacteriaceae and Bacteroides and showed 
softer stools and higher deposition frequency compared to the control group. Notably, the latter parame-
ters were more similar to those of the BF infants. In conclusion, oligofructose-enriched inulin supple-
mented formula promotes a gut microbiota closer to that of breastfeeding. 

[38] 

Randomized, double-blinded, cross-over, interventional study: 54 
participants (aged 20 to 75 years) with a daily consumption of 12 g 
inulin or 12 g maltodextrin (placebo), over a period of 4 weeks. 

Inulin consumption increased Bifidobacterium and Anaerostipes abundances, while decreasing Bilophila 
genus. Interestingly, Bilophila population (containing known pathobionts) reduction associated with im-
proved constipation-related quality-of-life metrics. In this regard, authors suggest inulin interventions can 
be taken into consideration for prebiotic research. 

[39] 
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Randomized, single-blinded (investigator), controlled, crossover, 
interventional study: 50 participants (aged 20 to 65 years) at risk of 
developing metabolic syndrome, completed two 8-week dietary 
interventions comprising whole grain diet (179±50 g/day, rich in 
dietary fibre) and refined grain diet (13±10 g/day), separated by a 
washout phase of 6 or more weeks. 

Whole grain did not significantly induce major changes in faecal microbial composition, diversity and 
metabolic function, although it exerted other significant effects, such as reduced systemic low-grade in-
flammation and body weight, when compared to refined grain. Authors mention that future studies should 
rather focus on studying the effect of specific grains, like oat, rye and wheat, which may exert different 
effects on the gut microbiota. 

[40] 

Randomized, double-blinded, placebo-controlled, crossover, in-
terventional study: 31 healthy volunteers (16 females and 15 males; 
aged 20 to 42 years) completed two 3-week study periods with 
daily consumption of 48 g breakfast cereals, either wheat bran (WB) 
or whole-grain (WG) cereals, separated by a 2-week washout 
phase. 

(The WG grain endosperm is composed mainly of starch. The WG germ, a minor fraction of the grain in 
wheat, is made up of a complex mixture of lipids, proteins and some mainly soluble carbohydrates, while 
WB is composed of dietary fibres such as cellulose, hemicellulose and arabinoxylan as well as polyphenolic 
lignins). Numbers of faecal bifidobacteria and lactobacilli were significantly higher upon WG ingestion 
versus WB (although lactobacilli is also augmented in WB). No significant differences in faecal SCFA were 
reported and no adverse intestinal symptoms were disclosed. Stool frequency was increased by WB inges-
tion. Finally, daily WG wheat consumption induced a marked prebiotic effect on the composition of the 
human gut microbiota, which may add to the favorable physiological effects of WG wheat. 

[41] 

Randomized, double-blinded, crossover, interventional study: 
healthy Chinese women and men (10+9, respectively; aged 18 to 55 
years) enrolled into 2 groups. All individuals received a uniform 
diet from the 1-week run-in period to the end of the trial, supple-
mented with either high amylose resistant starch (RS; 40 g) or 
energy-matched control starch, for 4 weeks separated by a 4-week 

At the phylum level, no differences were found for composition among groups. After RS ingestion, fifteen 
bacterial genera significantly decreased versus baseline levels (e.g., Bacteroides, Anaerostipes, Holdemanella, 
Blautia, Coprococcus_1, etc), except for Ruminococcaceae_UCG-005 genus which showed a significantly 
increased abundance. Also, an increasing abundance pattern of Akkermania and Victivallis was observed 
after RS consumption compared to baseline. A significant increase in serum acetate value was found after 
RS consumption. Additional changes (see original article) were reported in the gut microbiota. In conclu-

[42] 
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washout phase. sion, changes in microbiota after RS intake are associated with the control of glucose metabolism and 
abdominal adiposity. 

Randomized, crossover, interventional study: 19 adults with met-
abolic syndrome (median age 60 years) undertook two 4-week 
interventions with a healthy carbohydrate diet, enriched with 
arabinoxylan (AX) and resistant starch (RS; high concentration of 
dietary fibre), and a low-fibre Western-style diet (minimal concen-
tration of dietary fibre).  

AX and RS enriched-diet reduced total species richness of intestinal microbiota but increased bacterial 
community heterogeneity, both between and within subjects. Upon high-fibre diet, Bifidobacterium was 
increased whereas bacterial phyla associated with dysbiosis were reduced (Firmicutes, Bacteroidetes and 
Proteobacteria) as compared to the low-fibre diet. Conversely, Bacteroides, Sutterella and Ruminococcus were 
enriched with the low-fibre diet. SCFAs acetate and butyrate also increased with AX and RS supplementa-
tion when compared to the low-fibre diet. Isobutyrate and isovalerate (reduced protein fermentation) were 
decreased. AX and RS intake changes gut microbiota and SCFAs composition, with a putative positive 
impact upon metabolic syndrome and colonic health. 

[43] 
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Randomized, double-blinded, controlled, parallel arm, interven-
tional study: 24 regularly endurance training men (mean age 
around 35 years) assigned to protein (10 g of whey isolate + 10 g of 
beef hydrolysate; n=12) or maltodextrin supplementation (control) 
for 10 weeks. 

Protein supplementation resulted in a significant increase of daily protein ingestion values which resulted 
in a decreased abundance of health-related taxa, including Roseburia, Blautia, and Bifidobacterium longum, 
and an augmented abundance of Bacteroidetes phylum. Even though Roseburia and Blautia genera produce 
SCFA, changes in fecal SCFA levels were not observed, with authors claiming that the unveiled microbiota 
changes were not sufficient to alter SCFA production since the abundance of other SCFA producers, such 
as F. prautznii, was maintained. Species within the Bacteroidetes phylum have proteolytic activity which 
could explain the increased abundance of this phylum due to increased substrate availability during 
protein supplementation. To put it briefly, a small increase in protein ingestion reduces health-promoting 
bacteria. 

[44] 

Randomized, 2-arm (high or low-saturated fat), crossover, inter-
ventional study: 113 heathy adult participants (aged 21 to 65 years) 
consumed, within each arm, three 4-week isocaloric diets (with 
2-week washout periods between them) to study the effects of red 
meat, white meat or non-meat protein. 

Chronic red meat diet, but not white or non-meat diets, increased circulating and urinary trimethylamine 
N-oxide (TMAO), a gut microbiota-dependent atherogenic metabolite. Isotope tracer analysis, in 13 sub-
jects, showed red or white meat increased gut microbiota-dependent production of trimethylamine (TMA) 
and TMAO from carnitine but not from choline (nutrient precursors enriched in red meat) versus non-meat 
diet. Finally, dietary red meat augmented systemic TMAO (associated to atherosclerotic heart disease 
pathogenesis) through changes in gut microbiota, besides reducing renal TMAO excretion. 

[45] 

Randomized, double-blinded, parallel arm, interventional study: 
38 overweight volunteers (aged 18 to 45 years) undertook 3-week 
isocaloric supplementation with milk protein casein, soy protein or 
maltodextrin (control). 

Casein and soy high–protein diets (HPDs) did not significantly change microbiota composition and diver-
sity, but were responsible for a shift in bacterial metabolite profile. Both HPD induced a reduction in fecal 
butyrate versus the maltodextrin diet, due to high-protein and low-indigestible carbohydrate intake. Also, 
both HPD resulted in increased concentration of amino acid-derived bacterial metabolites, which implies a 
metabolic alteration toward protein degradation by the gut microbiota. Changes in rectal mucosa gene 
expression (related with mucosal homeostatic processes, such as cell cycle or cell death) were observed for 
HPD but not for the control diet. In conclusion, HPDs should be considered with some caution as they 
modified the luminal environment in the large intestine mainly by increasing amino acid-derived bacterial 
metabolite levels though reducing butyrate concentration, which may be detrimental for colonic health. 

[46] 
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Cross-sectional, observational study: 60 women in the second 
trimester of pregnancy, from the Norwegian NoMIC cohort. Fat 
ingestion assessed using food questionnaires and taxonomic dif-
ferences in their gut microbiota analyzed 4 days after delivery. 

Differences in fat consumption (namely, cholesterol, saturated and unsaturated fat) associated with 
changes in phyla composition. In detail, cholesterol and mono-unsaturated fat associated with increases in 
Proteobacteria (known to encompass multiple pathogens and to have pro-inflammatory properties) rela-
tive to other phyla but saturated fat related to a relative decrease in Proteobacteria. Increased intake of 
mono-unsaturated fat also resulted in a relative increase in Firmicutes and Bacteroidetes and a reduced 
Actinobacteria/Proteobacteria ratio. Increased saturated fat intake related to an increase in the Oth-
er/Proteobacteria as well as Other/Firmicutes ratios (where Other includes all remaining phyla besides 
Actinobacteria, Proteobacteria, Firmicutes and Bacteroidetes). In contrast, increased cholesterol ingestion 
resulted in an increase in Firmicutes and Proteobacteria relative to Other phyla. At the genus level, Lach-
nobacterium (higher relative abundance) and Ruminococcus (lower) were differentially abundant against 
increased saturated fat intake. Lachnobacterium and Methanobrevibacter showed higher relative abundance 
against increased trans-fat ingestion. In addition, microbes belonging to Actinobacteria and Firmicutes 
(that were not identified at the genera level) increased and decreased, respectively, against increased 
ingestion of poly-unsaturated fat. In conclusion, certain types of fat, such as cholesterol and 
mono-unsaturated fat, may be linked with a pro-inflammatory gut microbiota, potentially explaining their 
adverse effects on human health. The compositional change found in the maternal gut microbiota may 
translate into corresponding changes in infant gut microbiota, modulating infant health.  

[47] 

Randomized, parallel, interventional study: 38 overweight and 
obese subjects (aged 18 to 65 years) assigned to consume an excess 
of 1000 kcal/day, for 3 weeks, of diets rich in either saturated fat, 
unsaturated fat or simple sugars. 

Microbiota overall community structure remained highly constant during interventions but relative 
abundances of individual taxa were altered in a diet-dependent way: overfeeding unsaturated fat increased 
butyrate producers while saturated fat increased Proteobacteria. Bilophila genus significantly related to 
overfeeding-induced liver fat increase, independently of the diet arm. Finally, specific bacteria abundance 
exerting detrimental or protective effects on the host associated with the saturated fat and the unsaturated 
fat groups, respectively.   

[48] 
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Cross-sectional, observational study: 60 pregnant women, from the 
Norwegian NoMIC cohort. Vitamins ingestion assessed using food 
questionnaires in the second trimester and taxonomic differences in 
their gut microbiota analyzed 4 days after delivery. 

Higher vitamin D and retinol dietary intakes (the former presenting a stronger effect) associated with 
reduced microbial diversity. In summary, vitamin D and retinol associated with relative increases in 
Proteobacteria (known to encompass multiple pathogens and to have pro-inflammatory properties). Spe-
cifically, vitamin D consumption associated with increases in Actinobacteria/Proteobacteria, Actinobacte-
ria/Bacteroidetes, Proteobacteria/Firmicutes, and Other/Bacteroidetes ratios (where Other includes all 
remaining phyla besides Actinobacteria, Proteobacteria, Firmicutes and Bacteroidetes) whereas higher 
retinol ingestion related to the increase in the ratio of Proteobacteria relative to Actinobacteria and Firmic-
utes. In contrast, higher vitamin E ingestion related to an increase in Other/Bacteroidetes ratio but to a 
reduction in Proteobacteria relative to Firmicutes, Actinobacteria and Other. Distinctly abundant genera 
against increasing intake of fat-soluble vitamins occurred: Sutterella (lower relative abundance) against 
vitamin E, Staphylococcus (higher) against vitamin D and Methanobrevibacter (higher) against retinol.  

[47] 
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In conclusion, the findings here diverge from studies that propose vitamin D as a protective player against 
some diseases, like asthma. High vitamin D (and retinol) seem to associate with adverse health effects by 
the relative increase in pathogenic bacterial groups, while the effects by high vitamin E ingestion are 
opposite to this trend.   

Non-randomized, one group pretest posttest, interventional study: 
80 healthy women (mean age 21 years). All participants were given 
a weekly oral dose of 50,000 IU vitamin D3, for 12 weeks. 

Vitamin D3 supplementation (with no other major self-reported dietary change), significantly increased the 
average circulating 25(OH) D levels across the group (post-supplementation 25(OH) D values were 3 times 
higher than at baseline). Compared to baseline, vitamin D3 supplementation (with no other major 
self-reported dietary change) increased both gut microbiota overall diversity and Bacteroidetes relative 
abundance while decreasing Firmicutes relative abundance. Authors comment these results associate with 
improved gut health, as described in the literature. 

[49] 

Randomized, double-blinded, placebo-controlled, interventional 
study:  
38 adults with Cystic Fibrosis (CF) completed the study: 20 classi-
fied as vitamin D insufficient + 18 subjects classified as vitamin D 
sufficient [aged 43 ± 17 years (mean ± SD)]. Vitamin D-insufficient 
subjects were randomized to receive 50,000 IU of oral vitamin D3 
(aged 34 ± 10 years; n=10) or placebo (aged 32 ± 11 years; n=10) 
weekly, for 12 weeks. Vitamin D-sufficient subjects were followed 
longitudinally for 12 weeks, not receiving any further intervention. 

Gut microbiota differed significantly when the vitamin D status was taken into account. At baseline, when 
comparing the vitamin D-insufficient and vitamin D-sufficient groups, it was observed that taxa belonging 
to the class Gammaproteobacteria was significantly enriched in the former. Members of the genus Lacto-
coccus were enriched after 3 months of oral vitamin D3 treatment versus baseline. Also, the potentially 
pathogenic Veillonella, at the genus level, and Erysipelotrichaceae, at the family level, were found enriched in 
the vitamin D-insufficient patients receiving placebo versus those receiving vitamin D3 supplementation. In 
CF patients, vitamin D-insufficient status associates with modifications in microbiota composition that 
induce inflammation; oral vitamin D3 supplementation seems to lead to a shift toward commensal micro-
bial communities. 

[50] 
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Randomized, double-blinded, placebo-controlled, interventional 
study: 37 overweight and obese men and women (mean age 37.8 
years). During 12 weeks, individuals were supplemented with 
either a combination of epigallocatechin-3-gallate plus resveratrol 
(EGCG+RES, 282 and 80 mg/day, respectively) or partly hydro-
lyzed microcrystalline cellulose-filled capsules (placebo). 

Men had higher abundance of Bacteroidetes than women and, at baseline, this abundance was correlated 
with a more pronounced EGCG+RES-induced increase in postprandial fat oxidation. EGCG+RES supple-
mentation significantly decreased Bacteroidetes abundance and reduced Faecalibacterium prausnitzii in men 
but not in women. Other genera were not altered by the intervention with polyphenols. Fat oxidation was 
increased in men with polyphenols supplementation but not in women. In conclusion, the combination of 
both polyphenols modifies the gut microbiota leading to an augmented postprandial fat oxidation, a 
beneficial metabolic effect, in men but not women. 

[51] 

Randomized, double-blinded, placebo-controlled, parallel arm, 
interventional study: 66 healthy men (aged 18 to 45 years) con-
sumed a (poly)phenol-rich extract (116 mg, 75 g aronia berries; 
n=23), a whole fruit powder (12 mg, 10 g aronia berries; n=23) or 
maltodextrin (placebo; n=20), for 12 weeks. 

Compared to placebo, consumption of aronia extract significantly increased faecal Anaerostipes genus 
abundance (butyrate producer), while consumption of aronia whole fruit powder significantly increased 
Bacteroides. There were no changes in microbial diversity. Correlation analysis identified significant 
associations between changes in vascular function (flow-mediated dilation), aronia-derived phenolic 
metabolites and specific gut microbial genera (e.g. Dialister, Roseburia). Authors suggest the abovemen-
tioned link could be related to the ability of gut microbes, such as Dialister, to release potentially bioactive 
phenolic compounds along with propionate and butyrate (SCFAs) that could ameliorate vascular health. 

[52] 

Randomized, controlled, parallel arm, interventional study: 78 PP and LCn3 significantly increased microbial diversity and Bifidobacteria numbers, respectively. [53] 
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individuals (mean age 53-56 years across all groups) at high car-
diometabolic risk allocated to consume one out of four 8-week diets 
(isoenergetic). Diets: (a) low long-chain n-3 polyunsaturated fatty 
acids (LCn3) and polyphenols (PP) (1.5g/day and 365 mg/day, 
respectively), (b) high LCn3 (4 g/day), (c) high PP (2903 mg/day) or 
(d) high LCn3 and PP (4 g/day and 2861 mg/day, respectively). 

In subjects at high cardiometabolic risk, gut microbiota composition was influenced by diets naturally rich 
in PP or LCn3 and concomitant changes in glucose/lipid metabolism were observed. So, this study 
demonstrates that these diets modulate gut microbiota in association with cardiometabolic risk profile 
improvement. 
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Sequential, interventional study: 19 healthy individuals, 7 men and 
12 women (mean age 46.9 years). Volunteers opened only 1 bot-
tle/day of bicarbonate-rich mineral water (BMW) or tap water (TW) 
and drank it 30–60 min before the 3 main meals (500 mL of BMW or 
TW divided before breakfast, lunch and dinner). This cycle was 
repeated twice. Weeks 1 and 3 and weeks 2 and 4 were consump-
tion periods for TW and BMW, respectively.  

The composition of faecal lean-inducible bacteria, family Christensenellaceae, increased significantly after 
BMW intake, as compared to TW. Also, family Dehalobacteriaceae abundance increased after BMW con-
sumption and was positively correlated with Christensenellaceae. Authors suggest consumption of BMW 
might potentially prevent obesity by increasing lean-inducible bacteria, Christensenellaceae and Dehalobacte-
riaceae. Additionally, 19 metabolites in blood [counting metabolites related to glycolysis along with 3 amino 
acids (methionine, tyrosine and glycine)], were significantly different between BMW versus TW drinking 
periods. 

[54] 
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 Randomized, 3-period crossover, double-blinded, place-
bo-controlled, interventional study: 21 healthy adult men (aged 21 
to 28 years) consumed bars containing no supplemental fibre 
(placebo), polydextrose (21 g/day) and soluble corn fibre (SCF; 21 
g/day), each for 21 days. 

Polydextrose or SCF supplementation, compared to placebo, increased the relative abundance of Bac-
teroidetes, and decreased the relative abundance of Firmicutes, shifting the Bacteroidetes:Firmicutes ratio. 
Additionally, a positive correlation between total dietary fibre intake and Bacteroidetes:Firmicutes ratio 
was reported. However, this ratio was not related with BMI. Several taxonomic shifts would argue against 
a beneficial impact of SCF or polydextrose, including decreased Dorea, Eubacterium and Roseburia, which 
produce butyrate. Individuals consuming polydextrose and SCF had a bacterial gene composition more 
similar to each other than to the ones taking placebo. Carbohydrate, amino acid, lipid, cofactors and vita-
mins metabolism genes were shifted after each fibre supplementation. Finally, authors comment that under 
the current prebiotic definition umbrella, the results described above present conflicting data on the 
prebiotic effects of SCF and polydextrose. 

[55] 
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e Randomized, double-blinded, crossover, controlled, interventional 
study: 10 female and 7 male healthy participants (aged 18 to 45 
years) undertook 2 interventions, each lasting 14 days and sepa-
rated by a 4-week washout interval. The sweeteners consumed by 
each participant consisted of a standardized dose of 14% (0.425 g) 
and 20% (0.136 g) of the acceptable daily intake (ADI) for aspar-
tame and sucralose, respectively. 

No significant differences were found in both the median relative proportions of the most abundant bac-
terial taxa (genus and family) and microbiota community structure, when comparing before and after 
treatments with the two sweeteners. Also, SCFAs were not affected by sucralose and aspartame consump-
tion. The doses used for sucralose and aspartame in the study resembled a consumption of approximately 
three 355 mL beverage cans/day, with authors suggesting that daily repeated consumption of these 
sweeteners in typical high consumption doses have marginal impact on gut microbiota composition or 
SCFA production levels. 

[56] 

Sa
cc

ha
ri

n Randomized, parallel arm, double-blinded, placebo-controlled, 
interventional study: 46 healthy lean men and women (mean age 
24.91 to 32.92 years across all groups) supplemented for 2 weeks 
with pulp filler (placebo), sodium saccharin (400 mg/day), lactisole 

Fecal composition at any taxonomic level, microbial diversity or microbial activity, such as SCFA produc-
tion, were not altered by pure saccharin supplementation. Also, it did not induce glucose intolerance. These 
findings emphasize that the suggested saccharin use is likely safe for healthy consumers that wish to 
replace dietary sugars for caloric control or weight management.  

[57] 
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(sweet taste receptors inhibitor; 670 mg/day), or saccharin with 
lactisole administered in capsules twice a day, aiming the maxi-
mum ADI. 
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Randomized, crossover, controlled, parallel arm, interventional 
study: 10 healthy participants (18-25 years old) assigned to 4-day 
fast food (FF) diet (exemplifying the Western diet) and 4-day 
Mediterranean (Med) diet, with a 4-day washout in between. 

Some fibre-fermenting bacteria in the Firmicutes phylum increased significantly after the Med diet and 
decreased after the FF diet (Lachnospira, Roseburia, Butyricicocus, etc), whereas some bile-tolerant bacteria 
increased after FF (Bilophila, Collinsella, Alistipes, etc). Indole-3-lactic acid and indole-3-propionic acid, 
bacterially produced metabolites shown to confer beneficial effects on neuronal cells, decreased after the FF 
diet and increased after the Med diet. Differences in background diet may explain the interindividual 
variability in response to the treatments, even though on average Bilophila was decreased after Med and 
increased after FF. In conclusion, FF diet changes the microbiome toward a profile that has been associated 
with chronic metabolic diseases, whereas the Med diet alters the microbiome and plasma microbial me-
tabolites toward a healthier profile, even for a short period of each diet. 

[58] 

Randomized, controlled, parallel arm, interventional study: 
healthy overweight and obese subjects, 43 female and 39 male 
(aged 43±12 years), with a habitually low intake of fruit and vege-
tables and a sedentary lifestyle consumed a Mediterranean diet 
tailored to their habitual energy intakes (Med), or maintained their 
usual diets (Con), for 8 weeks. 

Overall microbial richness was not changed by the Med diet in comparison to ConD diet. The Med inter-
vention, compared to Con, improved the inflammatory status of individuals experiencing an increase in 
gut microbiome gene richness, and led to an increase in potentially beneficial species such as the fi-
bre-degrading Faecalibacterium prausnitzii, Roseburia and members of the Clostridiales and Lachnospirace-
aetaxa, linked to butyrate precursor functional pathway. A decrease in Ruminococcus torques and in the 
potentially proinflammatory Ruminococcus gnavus were also reported for Med diet. Individuals with the 
utmost reduction in fecal bile acids (Med diet arm) consistently also exhibited a relative reduction in 
Bilophila wadsworthia. The Med intervention did not significantly increase fecal SCFA concentrations, with 
authors speculating that a likely enhanced gut epithelial function may have raised SCFAs utilization and 
absorption, thus hindering the observation of their increase due to higher fibre ingestion. In conclusion, 
Med seems to remodel the intestinal microbiome towards a state promoting cardiovascular and metabolic 
health.  

[59] 
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