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1. Introduction

Effect of dark sweet cherry (Prunus avium)
supplementation on the fecal microbiota,
metabolic endotoxemia, and intestinal
permeability in obese subjects: a single-blind
randomized trialt

Shirley Arbizu, = Susanne U. Mertens-Talcott,
Giuliana D. Noratto (2 *

Stephen Talcott and

This single blind placebo-controlled study has as its main objectives to investigate the influence of dark
sweet cherries (DSC) consumption on obesity-related dysbiosis, metabolic endotoxemia, and intestinal
permeability. Participants (>18 years old, BMI: 30-40 kg m~2) consumed 200 mL of DSC juice with 3 g of
DSC powder (n = 19) or a placebo drink (n = 21) twice per day for 30 days. The gut microbiota abundance
was investigated using 16S ribosomal RNA sequencing on fecal DNA. Metabolic endotoxemia was evalu-
ated by measuring lipopolysaccharide-binding protein (LBP) in fasting plasma samples. Intestinal per-
meability was assessed using the lactulose/mannitol (L/M) test and by measuring regeneration islet-
derived protein 4 (REG4), and interleukin-22 (IL-22) mRNA levels in stool samples. Results showed that
DSC supplementation decreased the abundance of Anaerostipes hadrus (p = 0.02) and Blautia (p = 0.04),
whose changes were significant in BMI > 35 participants (p = 0.004 and p = 0.006, respectively).
Additionally, DSC prevented the increase of Alistipes shahii (p = 0.005) and Bilophila (p = 0.01) compared
to placebo. Notably, DSC intervention favored the abundance of bacteria supporting a healthy gut ecosys-
tem such as Roseburia intestinalis (p = 0.01), Turicibacter (p = 0.01), and Bacteroides vulgatus (p = 0.003)
throughout the intervention, along with Clostridium leptum (p = 0.03) compared to placebo. The LBP,
L/M ratio, REG-4 and IL-22 mRNA levels remained unchanged in placebo and cherry groups, implying
that participants did not experience alterations in intestinal permeability. These findings highlight the
potential gut-health benefits of DSC and encourage future research among individuals with BM| > 35 and
increased intestinal permeability.

metabolic endotoxemia, low-grade inflammation and develop-
ment of metabolic disorders including insulin resistance.'?

Research over the last years has demonstrated that an imbal-
ance in the gut microbiota, also known as dysbiosis, can con-
tribute to the development and progression of obesity. To con-
textualize dysbiosis in relation to obesity, several factors
should be considered, including the biological role of gut bac-
teria in regulating metabolism and fat storage, as well as the
connection between dysbiosis, inflammation, and hormonal
dysregulation. For example, obesity-related dysbiosis is linked
to intestinal barrier dysfunction and increased gut per-
meability to bacterial lipopolysaccharides (LPS), resulting in
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Therefore, understanding the relationship between dysbiosis
and obesity underscores the importance of maintaining a
healthy gut microbiome for overall metabolic health and pre-
sents potential avenues for therapeutic interventions in
obesity.

Diet is one of the major factors driving changes in the gut
microbiota composition. The Western diet characterized by
high fat/high sucrose and low in fiber intake has an impact on
promoting dysbiosis. This diet has been shown to induce an
abundance of bacterial species belonging to the Proteobacteria
phylum, particularly facultative anaerobic bacteria of the
Enterobacteriaceae family, which can induce intestinal
mucosa dysbiosis, sustain and aggravate chronic inflam-
mation, and metabolic diseases. In contrast, the consumption
of plant-based foods rich in bioactive compounds (i.e., fiber
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and polyphenols) has emerged as a possible dietary interven-
tion against dysbiosis. Accumulating evidence suggests that
the beneficial effects exerted by food-bioactive compounds are
partially mediated by changes induced in the gut microbiota
composition. Sweet and tart cherries are stone fruits con-
sidered a promising option for these interventions due to their
content of bioactive compounds that can reach the lower intes-
tinal tract, mostly phenolic compounds and fiber. While there
are some differences in the specific concentrations and pro-
files of bioactive compounds, tart and sweet cherries share
many similarities in their food chemistry and health-promot-
ing properties.

Consumer awareness of the health benefits of cherries has
driven the rise in both production and consumption, particu-
larly for sweet cherries whose global production increased
from 1.9 to 2.32 million tons between 2000 and 2016; while
sour cherry production remained stable (around 1.1 to
1.3 million tons) during the same period.’ The rise in sweet
cherry production and consumption is primarily due to their
popularity for fresh consumption, appreciated for their taste,
texture, and color, whereas sour cherries are more commonly
processed. As reviewed in Faienza et al,® sweet cherries
contain fiber (2.1 g/100 g), hydrosoluble (C, B) and liposoluble
vitamins (A, E and K), carotenoids (beta-carotene, some lutein
and zeaxanthin), minerals (calcium, magnesium, phosphorous
and potassium) and melatonin, which might protect against
oxidative stress. Both tart and sweet cherries contain high
levels of polyphenols, which contribute to their health
benefits, mainly due to their activity in counteracting oxidative
stress and reducing inflammation. The antioxidant activity of
sweet and sour cherries varies depending on the cultivar and
growing location (Chockchaisawasdee et al, 2016 cited in
Blando et al.®). A study by Pissard et al. (2016), cited in Blando
et al.,’ found that sour cherries generally exhibited higher anti-
oxidant activity (DPPH and ORAC) than sweet cherries (5.45 vs.
3.69 and 79.64 vs. 48.41 pmol TE g~' FW, respectively).
However, another study by Prior et al (2016), also cited in
Blando et al.,® reported that the total ORAC of sweet cherries
was higher than that of sour cherries (864 vs. 772 pmol TE g~
DW).

Common polyphenols in cherries include phenolic acids
(hydroxycinnamic acids) and flavonoids (anthocyanins, flavan-
3-ols and flavonols). Results from HPLC-MS/MS analysis of
DSC concentrated juice used for this study,” showed that
flavan-3-ols, (e.g. procyanidin dimers), followed by anthocya-
nins were the most abundant class of phenolic compounds.
Likewise, cyanidin-3-rutinoside showed to be the principal
anthocyanin in DSC juice followed by cyanidin 3-glucoside as
was also reported for 24 sweet cherry cultivars grown in Sicily,
Italy.* Anthocyanins are known for their beneficial effects on
meta-inflammation triggered by obesity, which is associated
with chronic conditions such as type 2 diabetes, hypertension,
cardiovascular disease, and cancer.®

Tart cherries have been studied more frequently than sweet
cherries. Given their similar bioactive compound profiles, it is
relevant to reference studies that examine the effects of tart
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cherry supplementation on gut microbiota composition.
Montmorency tart cherry supplementation (60 mL day™*) for 4
weeks did not influence fecal microbiota in middle-aged
population.” Similarly, there were no significant changes in
the composition of the fecal microbiota in healthy partici-
pants after 30-day intake of Montmorency tart cherry as con-
centrate or freeze-dried form.® A short-term human dietary
intervention (5 days, 8 oz. tart cherry daily) reported two dis-
tinct and inverse responses associated with initial levels of
Bacteroides. In this study, the high-Bacteroides individuals
responded with a decrease in Bacteroides and Bifidobacterium
and an increase of Lachnospiraceae, Ruminococcus and
Collinsella. Low-Bacteroides individuals responded with an
increase in Bacteroides or Prevotella and Bifidobacterium, and a
decrease of Lachnospiraceae, Ruminococcus and Collinsella.
This study suggested that different metabotypes need to be
considered when analyzing the effects of tart cherries con-
sumption on the gut microbiota.’” Controversial results from
human studies are in part the results of the well-known high
inter-individual variation in gut microbiota composition, dose
and time of supplementation, underlying diets, and health
status of participants.'® Although data from animal studies is
limited, there is clearer evidence of benefits for gut health
and host metabolic parameters. Montmorency tart cherry sup-
plementation for 12 weeks improved markers of glucose
homeostasis, increased Actinobacteria, and reduced
Proteobacteria and Deferribacteres phyla, as well as fecal
short-chain fatty acids (SCFAs) in mice fed a Western diet."
Tart and sweet cherry concentrate juices were evaluated at
increased concentrations to determine their potential effect
on the murine gut microbiota composition."? This study
reported microbiota modulation based on concentration
regardless of the juice type, with significant increase on rela-
tive abundance of Barnesiella and Akkermansia whereas
Bacteroides abundance was negatively correlated with the con-
centration of the juice. Previous work from our research group
has shown that DSC powder supplementation (10%) for 12
weeks promoted changes in the fecal microbiota population
at different taxonomic levels in obese diabetic (db/db) mice.'®
In this study, the relative abundance of Proteobacteria
(Enterobacteriaceae family), usually associated with harmful
effects for intestinal health, was similar between the healthy
lean control and db/db mice fed DSC-supplemented diet, and
in significantly lower relative abundance than the db/db
control mice. Likewise, the relative abundance of Akkermansia
muciniphila (a member of Verrucomicrobia phylum), which
has been inversely correlated with inflammatory conditions
and intestinal barrier dysfunction, was significantly higher in
DSC-supplemented db/db mice than in db/db and lean con-
trols. Based on this evidence, it was hypothesized that DSC
intake induces a favorable modulation of gut microbiota in
obese adults, and this effect might be accompanied by
improved intestinal barrier function. Therefore, this study
aimed to assess the effects of a 30-day DSC intervention on
the fecal microbiota and biomarkers of intestinal barrier func-
tion in obese subjects.

This journal is © The Royal Society of Chemistry 2024
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2. Materials and methods
2.1 Study design and participant eligibility

A detailed description of the study design and participant eli-
gibility has been previously reported.'* Briefly, participants
were recruited between January 2020 and August 2021 accord-
ing to the following inclusion criteria: age: >18 years old, body
mass index (BMI): >30 and <40 and without history of chronic
disease or intestinal disorders, and willingness to stop taking
nutritional supplements. Participants were excluded if they
had any of the following conditions within the previous
6 months: acute cardiac event, stroke, cancer, alcohol or sub-
stance abuse, hepatitis (B or C) or HIV, liver or renal dysfunc-
tion, history of dizziness/fainting during and after blood
draws, gluten sensitivity or celiac disease. Antibiotic exposure,
recurrent admittance to the hospital (twice or more), excessive
drinking, allergy or sensitivity to berries, pregnancy/lactation,
and smoking were also considered exclusion criteria.
Participants who were lactose intolerant were excluded from
the urine test aimed to assess intestinal permeability. After
completion of a 2-week run-in period in which participants
were asked to stop taking nutritional supplements and to
refrain from polyphenol-rich foods, participants were assigned
to cherry or placebo groups following the adaptive randomiz-
ation method to minimize the imbalance of prognostic factors
(BMI, gender and age)."® The single-blind randomized study
design helped maintain participant compliance and reduce
potential dropout rates, given the complexity and length of the
intervention. Study protocol was approved by the Institutional
Review Board (IRB2019-0597F) at Texas A&M University and
registered at clinicaltrials.gov as NCT05586386.

2.2 DSC supplementation

DSC concentrated juice, kindly provided by FruitSmart®
(Grandview, WA), was supplemented with DSC powder, kindly
provided by Anderson Advance Ingredients (Irvine, CA). DSC
juice supplemented with DSC powder was individually pack-
aged in 50 mL sterile centrifuge tubes for each dose, kept
frozen during transportation to the participants’ homes and
stored at —20 °C throughout the study. This storage method
prevented enzymatic activity, chemical reactions, microbial
growth, and light-induced degradation. The placebo concen-
trated drink was prepared by study personnel following good
manufacturing practices in the Department of Food Science
and Technology at Texas A&M University and stored at
—20 °C." The reconstituted placebo drink was formulated to
match Brix, color and sensory characteristics of the DSC drink.
The nutritional and physicochemical characteristics of DSC
concentrated juice, DSC powder, and formulation of placebo
concentrated drink were previously reported in detailed,** and
can be accessed at: https:/www.mdpi.com/article/10.3390/
nu1l5030681/s1. Participants were instructed to reconstitute
DSC or placebo concentrated drinks with 150 mL of water and
consume twice per day for 30 days without modifying their
dietary patterns and physical activity. DSC reconstituted drink
contained the bioactive compounds provided by the DSC juice

This journal is © The Royal Society of Chemistry 2024
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and the DSC powder that sum to 0.11 g of fiber, 439.6 mg total
phenolics as gallic acid equivalents, and 70.21 mg cyanidin
3-glucoside of anthocyanis.'* Participants were given verbal
and written instructions to continue refraining from polyphe-
nol-rich foods and nutritional supplements as in the run-in
period. A schematic representation of the study schedule is
presented in ESI Fig. 1.7

2.3 Anthropometric, physiological, and dietary assessments

Anthropometric (body weight, height, BMI, waist, and hip cir-
cumference) and physiological measurements (temperature,
systolic and diastolic blood pressure, heart rate and oxygen sat-
uration) were collected on day 1 (D1) and day 30 (D30), as
reported in detail.'* Participants were instructed to use
MyFitnessPal (https:/www.myfitnesspal.com, accessed
between January 2020 and August 2021) to record their daily
food and beverage intake. Nutrient intake (calories, carbo-
hydrates, fat, protein, fiber, and cholesterol) was evaluated
using 15-day dietary records collected during the 30-day inter-
vention. A detailed description of data collection and analysis
was previously reported.'* Briefly, thirteen dietary components
based on servings per 1000 kcal, were used to estimate Healthy
Eating Index (HEI) scores with values of 0 and 100 indicating
the lowest and highest adherence to the Dietary Guidelines for
Americans (DGA), respectively.'®

2.4 Stool sample collection

Stool samples were collected on D1 and D30 in polypropylene
tubes with spoon and screwcaps (Sarstedt; Newton, NC) con-
taining 3 mL DNA/RNA Shield (Zymo Research; Irvine, CA).
Each participant was provided with stool collection Kkits
(plastic stool collection hats, collection tubes, disposable
gloves, biohazard bags, and written instructions), and
instructed to avoid the use of laxatives, stool softeners and
antacids within 48 h before stool collection. Participants were
asked to aliquot samples into 2 tubes (approximately 2 g per
tube), and to bring them to our facility within 2 h of collection
or to freeze them if collected a day prior until transported to
our facility. Stool weights were measured immediately upon
receiving the samples, followed by storage at —80 °C for later
use in DNA and RNA extraction. Meals low in fiber and poly-
phenols were provided to participants for 2 days before each
stool collection to minimize variability due to diet.

2.5 Fecal DNA extraction and 16S rRNA sequencing

Each tube containing the stool sample in DNA/RNA shield was
sub-aliquoted in our laboratory before DNA and RNA extrac-
tions. Stool samples were homogenized by adding three units
of 6 mm solid-glass beads (Propper; Long Island City, NY) to
collection tubes and vortexed on an analog vortex mixer
(Fisher Scientific; Waltham, MA) on setting 9 for 30 seconds to
aliquot into at least two Eppendorf tubes to be used for future
analyses.”” DNA was extracted from an aliquot of stool slurry
using the Quick-DNA™ Fecal/Soil Microbe Miniprep Kit (Zymo
Research; Irvine, CA). Briefly, approximately 150 mg of fecal
slurry was lysed by bead beating in ultra-high density ZR
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BashingBead lysis tube™ provided in the kit using a Bead
Genie™ fitted with a 2 mL tube holder assembly (Scientific
Industries INC; Bohemia, NY) at maximum speed for 2 min,
followed by centrifugation at 10 000g for 1 min. Supernatant
was then used to extract DNA following the manufacturer’s
protocol. DNA concentration and purity at 260/280 nm were
assessed using a Nanodrop 2000 spectrophotometer (Thermo
Scientific; Rockford, IL). DNA extracted from fecal samples was
used to amplify a fragment (approximately 500 bp) of the
16S ribosomal RNA (16S rRNA) gene using the primers 341F
(5'_CCTACGGGNGGCWGCAG_3') and 805R (5'"_GACTACH
VGGGTATCTAATCC_3') for further high throughput 16S
sequencing at MilliporeSigma (Saint Louis, MO) using the
MiSeq instrument (Illumina). The workflow used in this study
followed Illumina’s “16S metagenomic sequencing library
preparation” protocol for library preparation and qualification
steps prior to sequencing. The protocol involved using primer
pairs for the V3-V4 regions to create a single amplicon of
approximately 500 bp. The MiSeq Reagent Kit V2, with paired-
end sequencing parameters (2 x 250 base reads, 500 cycles),
was used for sequencing. The sequencing qualifications
adhered to Illumina’s MiSeq Sequencing Systems specifica-
tions, which included metrics such as output, reads passing
filter, supported cluster density, Q30 Quality Scores, and align-
ment to the spiked PhiX control. Each sequencing run had to
meet these guidelines before the data was analyzed in the
Microbiome Computational Analysis for Multiomic Profiling
(M-CAMP™) Cloud Platform.'® The classification approach
on the M-CAMP™ platform consisted of two steps, a pre-
processing stage that removed low quality reads and PCR
artifacts which can lead to false positive classifications,
and a classification stage that used alignments to the opti-
mized M-CAMP 16S V3-V4 database to achieve high precision
species levels calls."® Sequencing data and associated meta-
data were uploaded into the NCBI (PRJNA859373) BioProject
ID: 859373.

2.6 Intestinal barrier function (IBF) biomarkers

Metabolic endotoxemia was evaluated by measuring lipopoly-
saccharide-binding protein (LBP) levels in fasting plasma
samples collected on D1 and D30 using the RayBio ® Human
LBP ELISA kit (RayBiotech Inc.; Norcross, GA) according to the
manufacturer’s protocol. Intestinal permeability was assessed
by the lactulose/mannitol (L/M) ratio as reported previously
with some modifications.'® Briefly, eligible participants were
instructed to avoid taking non-steroidal anti-inflammatory
drugs (NSAIDs) for at least a week prior to the test, to refrain
from artificial sweeteners 24 h prior the test, and to fast over-
night (~12 h). Participants were asked to empty their bladder
(blank urine sample collected) before drinking 200 mL of a
sugary solution containing 7.5 g lactulose and 2 g mannitol.
The blank urine sample collected before drinking the sugary
solution was used to correct for the endogenous presence of
lactulose and mannitol. Participants were asked to collect their
urine output within 5 h after drinking the sugary solution in a
plastic container with added antimicrobial agents (0.1 mL of
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1% chlorhexidine aqueous solution, or 10% thymol).
Antimicrobial agents were also added to the blank urine
sample to match concentrations in 5 h urine output.
Participants were encouraged to drink at least 750 mL of non-
carbonated water and to avoid eating during the first 2 h of
urine collection. Then, participants returned to their regular
diet with restrictions on dairy products, fruit juices, soft
drinks, and foods with high fructose corn syrup and/or natural
or artificial sweeteners. The total 5 h urine output was
recorded, aliquoted, and stored at —20 °C until analysis by
UPLC-MS/MS as reported.”® Briefly, 2.5 mL of urine sample
was mixed with 2.5 mL of deionized water in a 15 mL Falcon
tube containing 500 mg amberlite MB150 ion-exchange resin
(Sigma Aldrich; Saint Louis, MO) to adsorb sodium ions.
Samples were centrifuged at 10 000g for 5 min after stirring for
1 min followed by filtration through a 0.2 pm Acrodisc syringe
filter with PTFE membrane (13 mm) (Pall Corporation;
Washington, NY). Mannitol and lactulose (Sigma Aldrich;
Saint Louis, MO) were used as standards dissolved in ACN/
H,O0 (75:25). Sugar analysis was performed using an
Ultimate3000 UPLC equipped to a TSQ AltisTM triple quadru-
pole mass spectrometer (Thermo Fisher Scientific; Waltham,
MA). The chromatographic separation was conducted with a
XBridgeTM HILIC (4.6 x 150 mm x 3.5 pM) column (Waters
Corporation; Milford, MA) with 75% ACN/25% 5 mM of NH,Ac
in H,O to 40% ACN/60% 5 mM of NH,Ac in H,O in 10 min.
The flow rate was 500 uL min~".>° Mass spectrometer was run
in the negative ionization mode and parameters consisted of a
2300 V spray voltage, a sheath gas of 20, auxiliary gas of 4, and
a sweep gas of 1, ion transfer tube temperature set at 350 °C
and vaporizer temperature set at 100 °C. Scheduled selective
reaction (SSR) monitoring was used to identify and quantify
each sugar based on optimized conditions and transitions of
their respective standards. SSR conditions are presented in ESI
Table S1.t All data were collected and analyzed using
Chromeleon 7.2.10 ES software (Thermo Fisher Scientific;
Waltham, MA). The percentage of lactulose (L) and mannitol
(M) recovery was calculated as previously reported.>*

Fecal mRNA levels of regeneration islet-derived protein 4
(REG4), and interleukin-22 (IL-22) have been linked to
gut inflammatory conditions.”*> Briefly, mRNA was isolated
from fecal samples collected on D1 and D30 using the
ZymoBIOMICS RNA Miniprep Kit (Zymo Research; Irvine,
CA) according to the manufacturer’s protocol. The quality
and quantity of extracted fecal mRNA were evaluated using
the NanoDrop ND-1000 Spectrophotometer (NanoDrop
Technologies; Wilmington, DE). Extracted mRNA was used
to synthesize ¢cDNA using the iScript reverse transcription
supermix (BioRad; Hercules, CA). Primers were purchased
from Life Technologies (Carlsbad, CA) with sequences pre-
sented in ESI Table S2.f Real-time polymerase chain reac-
tion (RT-PCR) was performed using a CFX384 touch real
time PCR detection system (BioRad; Hercules, CA). Each
reaction was performed in duplicate and mRNA levels were
calculated by the comparative CT method using 18S as a
housekeeping gene.??

This journal is © The Royal Society of Chemistry 2024
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2.7 Statistical analysis

The M-CAMP™ cloud-based web platform was used to generate
data for comparative analysis.'® Clade fragment percentage values
representing read counts were used for normalization and calcu-
lation of relative abundances.'® Alpha (o) diversity was estimated
through the Shannon, Simpson, number of observed_OTUS and
Chao1l metrics using a rarefaction depth of 63 659 sequences per
sample. The statistical analysis of alpha diversity between cherry
and placebo treatments was performed by Kruskal-Wallis test.
Beta () diversity was estimated by weighted and unweighted
Unifrac, as well as the Jaccard and Bray Curtis dissimilarity
indexes. The statistical significance of f-diversity within cherry
and placebo groups was determined with permutational multi-
variate analysis of variance (PERMANOVA).

Relative abundances of fecal bacteria were analyzed using
non-parametric statistical tests with Graphpad Prism Software
(Version 10.2.2, La Jolla, CA). The relative abundance data are
presented as mean with 95% confidence interval (95% CI). The
Wilcoxon matched pairs signed rank test was performed to
detect differences in relative abundance data at different taxo-
nomic levels within each experimental group. The Mann-
Whitney test was used to assess differences between cherry and
placebo groups at same time points. Only bacteria taxa detected
in at least 50% of samples and with relative abundance >0.05%
were considered for analyses. Bacterial data at genus and species
levels that showed statistical significance (p < 0.05) between
treatments were stratified by BMI (low: 30-34, high: 35-40) and
gender (male and female). Data was also stratified by HEI values
based on median values (low: 24-42 and high: 43-60) where a
low HEI indicates poor adherence to healthy dietary guidelines,
while a high HEI suggests the opposite, reflecting a healthy
dietary pattern. When differences between cherry and placebo
were significant at D1, the difference between D30 and D1 or
delta (A) values were computed in each group to determine mar-
ginal means while controlling for D1 as a significant covariate
using SPSS 26.0 (IBM® SPSS® Statistics, Armonk, NY). Statistical
differences between marginal means were determined using
unpaired ¢ test with Welch correction. Data statistically signifi-
cant (p < 0.05) was stratified by BMI, gender, and HEI.

Data from metabolic endotoxemia and intestinal per-
meability biomarkers did not follow normal distribution, thus,
the Wilcoxon matched pairs signed rank test was used to detect
differences within cherry and placebo groups. The Mann-
Whitney test was used to assess differences between treatments.
Spearman correlation analyses were performed in RStudio
version 1.4.1717 to examine associations between changes in
the gut microbiota and obesity-related biomarkers measured
and published previously following DSC supplementation.™*

3. Results and discussion

3.1 Participant characteristics, anthropometric and
physiological assessments, and nutritional patterns

Participants (n = 60) were enrolled in the study and randomly
allocated into placebo (n = 30) and cherry groups (n = 30) as
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previously reported.'* However, only forty participants (n = 19
cherry, 11 females and 8 males; n = 21 placebo, 14 females and
7 males) were able to complete the study.'* The anthropo-
metric and physiological measurements, as well as nutrient
intake and the HEI results were previously reported in detail
and can be accessed at https:/www.mdpi.com/2072-6643/15/3/
681. Briefly, there were no significant differences between
cherry and placebo groups for anthropometric and physiologi-
cal measurements. However, participants in the cherry group
had lower systolic and diastolic blood pressure compared to
those in placebo at D30."* Similarly. the analysis of 15-day
dietary records showed no significant differences in nutrient
intake and HEI scores between study groups.'*

3.2 Effect of DSC supplementation on the gut microbiota
composition

Fecal samples at D1 and D30 were successfully collected and
analyzed for 40 obese subjects. The number of sequences per
sample varied from 63659 (lowest) to 379614 (highest).
Firmicutes, Bacteroidetes, Actinobacteria and Proteobacteria
were the most abundant phyla (~99% of relative abundance).
Each phylum, such as Firmicutes or Bacteroidetes, encom-
passes a wide variety of bacterial species with diverse func-
tions. Some members might confer health benefits, while
others may be harmful. Additionally, different bacterial
species, even across phyla, can perform similar functions. This
functional redundancy means that the overall metabolic and
health impact may not directly correlate with changes in the
relative abundance of specific phyla. Therefore, drawing con-
clusions based solely on phylum-level changes can be challen-
ging and sometimes misleading.

Verrucomicrobia phylum was detected in less than 50% of
samples with relative abundance of <1% (4 in cherry and 6 in
placebo). However, Verrucomicrobia was included in the ana-
lyses due to its relevance in intestinal health and its role as an
interface between gut microbiome and host tissues. One of the
most studied members of this phylum is Akkermansia mucini-
phila, a mucin-degrading bacterium that resides in the mucus
layer of the intestines. It plays a crucial role in maintaining gut
barrier integrity, thereby preventing gut dysbiosis and leaky
gut, which are associated with obesity and chronic diseases.>*
Moreover, a reduced abundance or absence of this commensal
bacterium has been linked to conditions such as obesity, dia-
betes, liver steatosis, inflammation, and responsiveness to
cancer.”

The 16S sequencing analyses showed no significant differ-
ences between the cherry and placebo groups on D1 regarding
the relative abundance of the main phyla Bacteroides,
Firmicutes, and Proteobacteria (Table 1 and Fig. 1A). However,
the relative abundance of Firmicutes and Bacteroides changed
significantly at D30 compared to D1 values in placebo group (p
= 0.04 for both phyla). The relative abundances of
Actinobacteria were similar at D1 between cherry and placebo
but decreased in placebo at D30 compared to D1 (p = 0.01)
and reached significance compared to the cherry group at D30
(p = 0.03) (Table 1 and Fig. 1A). Relative abundances and stat-
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Table 1 Mean relative abundance (percentage of 16S sequences) for the 5 more abundant phyla in cherry and placebo groups

Cherry (n =19) Placebo (n = 21)

Phylum D1 D30 D1 D30 Sliced by treatment and/or day
Firmicutes 56.41 (50.47, 62.35)  53.10 (46.17,60.03)  61.06 (55.85, 66.27)*  55.49 (50.72, 60.26)° Placebo (p = 0.04) | D30
Bacteroidetes  34.24 (27.30,41.17)  37.68 (30.84, 44.52) 30.48 (25.32,35.65)*  36.73 (31.55,41.91)® Placebo (p = 0.04) 1D30
Actinobacteria  5.99 (4.03, 7.95) 5.62 (3.22, 8.01)% 5.44 (3.07, 7.80)* 3.76 (1.90, 5.63)™ Placebo (p = 0.01) D30

cherry vs. placebo D30 (p = 0.03)
Proteobacteria  2.96 (1.54, 4.38) 3.42 (1.76, 5.08) 2.06 (1.27, 2.85) 2.63 (1.87, 3.38) n.s

Verrucomicrobia 1.85(0.26,3.44)n=4 0.74 (-0.71,2.21)n=4 2.18(-0.21,4.58)n=9 3.17(0.28,6.07)n=9 n.s

Relative abundances in each group at different time points were analyzed by Wilcoxon matched pairs signed tank test, while the Mann Whitney
test was used to compare cherry vs. placebo at same time point. Different letters indicate significant difference between treatments (A, B) and/or
day (X, Y) at p value < 0.05.

A) 100 B)

I Lachnospiraceae (#)
Prevotellaceae
Bacteroidaceae

B Ruminococcaceae

M Bifidobacteriaceae (#)

M Coriobacteriaceae

I Veillonellaceae (#)

B Tannerellaceae

801

M Firmicutes (#)
M Bacteroidetes (#)
Proteobacteria

601

40 M Actinobacteria (#,%) I Rikenellaceae (#,*)
. . M Erysipelotrichaceae (#)
W Vermucomictobia M Odoribacteraceae (#)
20. Desulfovibrionaceae (#,*)
B Eggerthellaceae (#)
W Others
0.

D1 D30 D1 D30 D1 D30 D1 D30

Cherry Placebo Cherry " Placebo

Fig. 1 Relative abundance of bacteria before and after intervention in cherry and placebo groups. (A) Stacked column bar depicts the average rela-
tive abundances and distribution of the most highly abundant taxa at the (A) phylum and (B) family level. (*) Indicates significant differences between
cherry and placebo at D30, (#) indicates significant differences within placebo group. The Mann—Whitney test was assessed to evaluate differences
between cherry and placebo treatments. The Wilcoxon matched-pairs rank test was performed to compare values within treatments. A p value <
0.05 was considered statistically significant. Others: Sutterellaceae, Lactobacillaceae, Streptococcaceae, Eubacteriaceae, Peptostreptococcaceae,

Clostridiaceae, Enterobacteriaceae and Oscillospiraceae.

istical comparisons between cherry and placebo and within
each group, organized by phylum at different taxa levels are
presented in Table 2. Lachnospiraceae (Firmicutes phylum),
Bacteroidaceae (Bacteroidetes phylum), Bifidobacteriaceae
(Actinobacteria phylum) and
(Proteobacteria phylum) represented the most predominant
bacterial families in cherry and placebo groups (Table 2 and
Fig. 1B).

3.2.1 DSC supplementation prevented the increase in the
abundance of inflammatory bacteria in obese adults.
Lachnospiraceae, which are known producers of SCFAs and
facilitate the colonization resistance against intestinal patho-
gens, decreased in placebo at D30 vs. D1 (p = 0.03) (Table 2).
Although the relative abundances of Lachnospiraceae were
similar between D1 and D30 for the cherry group, significant
changes found at taxonomic levels. The
Anaerostipes genus and Anaerostipes hadrus species decreased
at D30 vs. D1 in the cherry group (Table 2). Moreover, consider-

Desulfovibrionaceae

were lower

9568 | Food Funct, 2024,15, 9563-9578

ing that Anaerostipes was different between cherry and placebo
groups at D1; the A values were computed to evaluate differ-
ences between treatments. Results showed a highly significant
reduction in A Anaerostipes (p < 0.001) in the cherry group
compared to placebo (Fig. 2A and ESI Table S37) and a similar
pattern was observed in A A. hadrus (p = 0.02) (Fig. 2B and ESI
Table S31). However, relative abundances decreases do not
necessarily mean decreases in absolute abundance. Stratified
analyses showed statistical differences were more significant
for high BMI (p = 0.004), female (p = 0.003) and high HEI (p =
0.004) participants (Fig. 2C, D and E, respectively). Our results
are consistent with a clinical study reporting a significant
decrease of Anaerostipes in overweight and obese subjects after
the consumption of a pomegranate extract (656 mg phenolics)
for 3 weeks.”® This bacterial genus plays a vital role in main-
taining gut health through the production of beneficial SCFAs.
Its presence in the gut has been associated with improved gut
barrier integrity, anti-inflammatory effects, and better meta-

This journal is © The Royal Society of Chemistry 2024
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Fig. 2 DSC supplementation decreased the abundance of Anaerostipes genus and Anaerostipes hadrus species. (A) A Anaerostipes, (B) A A. hadrus,
(C) A A. hadrus stratified by high BMI (35-40), (D) gender (female) and (E) high HEI (43-60). Data are estimated marginal means (95% CI) obtained

after adjustment for significant D1 values. Statistical differences between

marginal means were determined using unpaired t test with Welch correc-

tion. A p value < 0.05 was considered statistically significant. Box plots show lower quartile, median, upper quartile, and Tukey whiskers.

bolic health. Specifically, A. hadrus is known for its crucial role
in butyrate production, which has been linked to enhanced
gut barrier integrity, anti-inflammatory effects, and improved
metabolic health.>” However, a study showed that the introduc-
tion of A. hadrus in mice treated with dextran sulfate sodium
(DSS) exacerbated colitis and significantly elevated LBP
levels.”® Therefore, even though A. hadrus generally promotes
anti-inflammatory responses and supports gut barrier integ-
rity, its presence might contribute to inflammation in dysbio-
sis conditions or in combination with other pro-inflammatory
factors. Similarly, A Blautia (Lachnospiraceae family) showed a
significant decrease in cherry compared to the placebo group
(p = 0.04) (Fig. 3A and ESI Table S37). The difference was sig-
nificant in high BMI (p = 0.006) and equally significant only in
male participants (p = 0.04) (Fig. 3B and C, respectively). The
Blautia genus, known for its crucial role in maintaining gut
health through the production of SCFAs, enhancement of gut
barrier integrity, and modulation of immune responses, may
have context-dependent roles. Some studies indicate a higher
prevalence of Blautia in patients with type 2 diabetes (T2D)>°

9570 | Food Funct., 2024, 15, 9563-9578

and obesity’® and a positive correlation with inflammatory
cytokines (IL-1B, IL-6 and TNF-) in a T2D-rat model.>' Under
certain conditions, even typically beneficial bacteria can con-
tribute to pro-inflammatory states due to the complex and
context-dependent interactions between different microbial
species and the host. In cases of dysbiosis, where the overall
microbial balance is disrupted, the presence of butyrate-produ-
cing bacteria might be associated with inflammatory
responses. This is because in an environment with prevalent
pro-inflammatory metabolites, the net effect might be pro-
inflammatory rather than beneficial. Therefore, further
research is needed to understand the implications of DSC
dietary supplementation and the decreased abundance of
Blautia and Anaerostipes.

Rikenellaceae family (Bacteroidetes phylum) abundance
increased significantly in placebo (p = 0.004) at D30 vs. D1 and
was higher than cherry at D30 (p = 0.01), even though levels in
both groups were similar at D1 (Table 2). The increase in
Rikenellaceae in the placebo group may be relevant because of
its link to obesity and type 2 diabetes.>* In addition, signifi-

This journal is © The Royal Society of Chemistry 2024
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Fig. 3 DSC supplementation decreased the abundance of Blautia genus. (A) A Blautia, (B) A Blautia stratified by high BMI (35-40) and (C) gender
(male). Data are estimated marginal means (95% CI) obtained after adjustment for significant D1 values. Statistical differences between marginal
means were determined using unpaired t test with Welch correction. A p value < 0.05 was considered statistically significant. Box plots show lower

quartile, median, upper quartile, and Tukey whiskers.

cant microbiota changes found in placebo might be attributed
to natural fluctuations due to various factors such as diet, life-
style, and environmental factors. At a lower taxonomic level,
Alistipes genus and Alistipes shahii species presented a similar
pattern with a notable increase in the relative abundance in
placebo at D30 as compared to D1 and to cherry group at D30
(Table 2 and Fig. 4A, B, respectively). Significant differences in
A. shahii between placebo and cherry at D30 were attributed to
the differences in females only (p = 0.03) (Fig. 4C). A. finegoldii
also increased in placebo (p = 0.003) at D30 vs. D1, and was
higher than the cherry group at D30, although the difference
did not reach significance due to high variability (Table 2 and
Fig. 4D). A shahii, has shown pro-inflammatory activity by
TLR-4-priming/TNF production that may increase local inflam-
mation in cancer treatment,”® while A. finegoldii has been
reported as a potential driver for gut barrier dysfunction and
inflammation in patients with elevated blood pressure.*® Thus,
the maintenance of A. shahii and A, finegoldii levels in the
cherry group may suggest that DSC helped obese subjects to
mitigate the abundance of pro-inflammatory bacteria.
However, these bacterial species have also shown protective
roles in liver fibrosis, cardiovascular diseases, and colitis.*®
Additional research is warranted to explore the significance of
DSC modulation on A. shahii and A. finegoldii within obese
adults.

Members of the proteobacteria phylum are known to
induce and sustain a pro-inflammatory environment causing
the impairment of the intestinal barrier function.>*
Interestingly, results revealed a significant increase in the
abundance of Desulfovibrionaceae family in the placebo group
at D30 vs. D1 (p = 0.03) and a higher abundance at D30 com-
pared to the cherry group at the same time point (p = 0.01)
(Table 2). A similar pattern was found at lower taxa for
Bilophila genus (Table 2 and Fig. 4E). Notably, within this taxa

This journal is © The Royal Society of Chemistry 2024

group, a significant increase in the B. wadsworthia species was
observed only in the placebo group at D30 compared to D1
(Fig. 4F). The increase in B. wadsworthia in placebo is of par-
ticular interest because research suggests a higher abundance
of Bilophila, particularly B. wadsworthia, in obese individuals.
This increase may be linked to dietary habits and metabolic
changes associated with obesity. High-fat diets, especially
those rich in saturated fats, have been found to promote the
growth of Bilophila, and such diets are common among obese
individuals. B. wadsworthia thrives in environments rich in
bile acids, which are more prevalent in high-fat diets. An
increase in Bilophila, through its production of harmful metab-
olites, may compromise gut barrier function, allowing endo-
toxins to enter the bloodstream and promote inflammation,
which is often observed in obesity.*>>® This was supported by
a study demonstrating that B. wadsworthia aggravates high fat
diet induced metabolic dysfunctions and was associated with
intestinal inflammation and gut barrier dysfunction.’” In con-
trast, phytochemicals in plant-based foods have specific and
possibly prebiotic effects on the microbiome. Bioactive com-
pounds in DSC, include phenolics that have been proved to
correlate with the antioxidant capacity of the fruit pulp
extracts,*® especially anthocyanins, have been widely reported
for beneficial effects in microbiota composition. A study
reported that anthocyanins extracted from dehydrated black-
berries and strawberries were effective in reducing populations
of the pro-inflammatory B. wadsworthia in rats challenged with
2 doses of azoxymethane (10 mg kg™') and two treatments
with DSS.*° Moreover, a recent meta-analysis highlighted the
supplementation of anthocyanins as an effective strategy to
modulate the intestinal microbiota with subsequent improve-
ments in intestinal barrier function and reduced potential risk
of inflammation.*® Therefore, results from this study suggest
that anthocyanins in DSC might prevent an increase in the
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Fig. 4 DSC supplementation prevented the increase in the abundance of inflammatory bacteria in obese adults. (A) Alistipes, (B) A. shahii, (C)
A. shahii stratified by gender: female, (D) A. finegoldii, (E) Bilophila and (F) B. wadsworthia. The Wilcoxon matched-pairs rank test was performed to
compare values within treatments. The Mann—Whitney test was assessed to evaluate differences between cherry and placebo treatments. A p value
< 0.05 was considered statistically significant. Box plots show lower quartile, median, upper quartile, and Tukey whiskers.

abundance of inflammatory bacteria in individuals with
obesity.

3.2.2 DSC supplementation promoted the growth of bac-
teria that support a healthy gut environment. Roseburia genus
showed a trend to increase in the cherry group (data not
shown). species results from A
R. intestinalis, showed no significant differences between
cherry and placebo groups (ESI Table S3%).
R. intestinalis species, a butyrate-producing bacterium known
for its preventive effect on intestinal inflammation,*" notably
increased in the cherry group at D30 (p = 0.01) (Table 2 and
Fig. 5A). These findings align with those of Xian et al.,*> who
reported a significant increase in Roseburia in an animal
model of diet-induced obesity after the intake of raspberry
polyphenolic The increase in
R. intestinalis after DSC supplementation is relevant because

Moreover, at level,

However,

extracts for 16 weeks.

this bacterium is markedly decreased in obese adults.*?
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Therefore, DSC polyphenols (phenolic acids and anthocya-
nins) likely played a role in enhancing the prevalence of
R. intestinalis within the cherry group because these com-
pounds might exhibit prebiotic-like functions that selectively
foster the growth of beneficial bacteria.** These results imply
potential intestinal health-promoting effects of DSC in obese
individuals.

Clostridium leptum species and the Agathobaculum genus
share a common lineage within Clostridium cluster IV, indicat-
ing their phylogenetic relationship. Both C. Ileptum and
Agathobaculum are involved in fermenting dietary fibers in the
gut and producing SCFAs like butyrate. These bacterial species
belong to the Ruminococcaceae family within the Firmicutes
phylum. Results showed that relative abundance of
Agathobaculum tends to decrease in placebo at D30 vs. D1
(Table 2); while levels in cherry remained unchanged.
Agathobaculum is of interest as it has been linked to neuropro-

This journal is © The Royal Society of Chemistry 2024
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tective effects in animal models of Parkinson’s disease.”® At
species level, the relative abundance of C. leptum, which has
been reported to be reduced in obese women,*® increased at
D30 in the cherry group compared to the placebo group (p =
0.03) (Table 2 and Fig. 5B). This difference was more apparent
in participants with low BMI (p = 0.02) (Fig. 5C). Our results
are consistent with a previous study that observed increased
levels of C. leptum after Goji berry supplementation for 10
weeks in IL-10 deficient mice.?”

Erysipelotrichaceae family (Firmicutes phylum) abundance
increased in placebo at D30 vs. D1 (p = 0.01) (Table 2). In
addition, at genus level, Turicibacter showed a significant increase
only in cherry (p = 0.01 at D30 vs. D1) (Table 2 and Fig. 5D), a
result contributed by the changes found only in females (p =
0.03) (Fig. 5E). Some strains of Turicibacter signal bidirectionally
with the host serotonergic system to promote their own fitness in
the gut.*® Our results align with a previous study which reported
an increase in Turicibacter abundance in rats fed with diet-
induced obesity following supplementation with anthocyanin-
rich Davidson’s plum.*® Notably, Turicibacter abundance was cor-
related with enhanced intestinal barrier function induced by
raspberry polysaccharides in obese mice.*® Therefore, the modu-
lation of Turicibacter by DSC might potentially contribute to
improving intestinal barrier function in obese adults.

Regarding Bacteroidaceae family (Bacteroidetes phylum)
and lower taxa levels, no significant changes were found in the

This journal is © The Royal Society of Chemistry 2024

relative abundance within both experimental groups, except
for Bacteroides vulgatus species whose abundance increased by
DSC intake (p = 0.003) (Table 2 and Fig. 5F). This difference
was highly significant in low HEI participants (p = 0.0009)
(Fig. 5G) implying that obese adults with poor adherence to
healthy dietary guidelines might benefit from DSC intake in
hosting B. vulgatus. The modulation of B. vulgatus by DSC is
relevant because this bacterium was shown to play a crucial
role in sustaining a healthy gut ecosystem by reducing LPS
activity and is depleted in individuals with obesity.”">*
Bifidobacteriaceae family (Actinobacteria phylum) plays an
important role in preserving the integrity of the gut barrier
function by protecting against the adhesion of pathogenic bac-
teria to the intestinal mucosa.’® Notably, consistent with
changes at phylum level, Bifidobacteriaceae abundance
decreased at D30 vs. D1 only in placebo (p = 0.02) (Table 2),
with no significant changes detected in the cherry group. A
similar trend was found for Bifidobacterium genus (Table 2 and
Fig. 5H), which is known to help maintain the mucosal barrier
and modulates LPS levels in the intestine.® In contrast, the
Eggerthellaceae family, which has been associated with initial
stages of intestinal mucosa damage and enriched in adults
having hyperplastic polyps,”® increased significantly in
placebo over the intervention period (p = 0.04) while no
changes were detected in the cherry group. Although the rela-
tive abundances of Bifidobacterium did not increase and

Food Funct., 2024, 15, 9563-9578 | 9573
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Eggerthellaceae did not decrease significantly in the cherry
group, 25% of participants showed a trend toward an increase
in Bifidobacterium suggesting that DSC juice intake helped
improve the relative abundances of these bacteria.
Anthocyanins exert their beneficial effects as prebiotic sub-
strate,** which might have contributed to the observed out-
comes in the cherry group.

Collectively, these results indicate complex associations
between the native gut microbiome, diet, and gender-derived
physiological differences.

3.3 DSC intake did not affect alpha diversity and beta
diversity in obese adults

Alpha diversity (a) refers to the structure of a microbial com-
munity with respect to its richness (number of taxonomic
groups), evenness (distribution of abundances of the groups)
or both.>® In this study, there were no significant differences
between cherry and placebo groups as determined by
Shannon, observed OTUS, Chao 1, and Simpson index (ESI
Table S41). Beta diversity (f) summarizes which samples differ
from one another by considering sequences abundances or
considering only the presence-absence of sequences.’® The
analysis within treatments (e.g., cherry D1 vs. D30 and placebo
D1 vs. D30) revealed no significant differences for Bray Curtis,
weighted and unweighted Unifrac and Jaccard distances (ESI
Table S5t). Similarly, there were no significant differences in
unweighted UniFrac and Jaccard distances between cherry and
placebo groups at similar time points. In contrast, the
weighted UniFrac distances, which considers the abundance
of each taxon, showed significant differences between cherry
and placebo at D1 and D30 (p = 0.04 in each group) despite
similar age, gender proportions and BMI of the participants
(ESI Fig. 2Af). Similarly, Bray-Curtis distances showed signifi-
cant differences between cherry and placebo at D1 (p = 0.006)
and D30 (p = 0.003) (ESI Fig. 2B¥). Previous studies conducted
with polyphenol-rich products have shown similar outcomes,
suggesting that microbial richness and diversity seem associ-
ated with an individualized gut microbiota response.®” In this
context, individuals with a resilient microbiota influenced by
consistent dietary patterns are less likely to benefit from any
given dietary intervention.

3.4 Biomarkers of intestinal inflammation and permeability
were not altered by DSC intake

LBP is considered a surrogate marker of metabolic endotoxe-
mia since the determination of plasma LPS is limited by the
presence of endogenous inhibitors.>**® Previous clinical
studies have demonstrated an association between obesity and
increased levels of LBP.>*®° In this study, the mean LBP levels
in cherry and placebo groups were higher than those reported
in healthy individuals (5-10 pg mL™")®" and similar to those
reported in obese subjects (8.5-17.1 pg mL™");®° however,
results showed no significant changes in plasma LBP in either
group. The L/M test measures the flux rate of lactulose and
mannitol, which are nonmetabolized sugars, across the intesti-
nal epithelium.?’ Interestingly, the L urinary excretion
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increased by D30 vs. D1 only in the cherry group (p = 0.0081),
but the increase in L/M ratio did not reach significance (ESI
Table S67), with mean values within normal ranges (<0.07)°® at
D1 and D30. In the placebo group instead, the mean L/M ratio
at D1 was above normal range (0.11), but levels were lessened
by D30 without reaching significance (ESI Table S6%). In
general, the relationship between cherry intake and increase in
L excretion should be further investigated while controlling
the variety of factors influencing the increase in L excretion,
including physiological, pathological, and environmental
influences that were not accounted for in this study.

Additionally, REG-4 and IL-22 mRNA levels have emerged
as potential biomarkers for gut inflammation.”” REG-4 is
involved in mucosal repair and regeneration, which is essential
for maintaining mucosal integrity in the context of gut inflam-
mation.®® IL-22 is crucial for maintaining the integrity of the
epithelial barrier in the gut. It promotes the production of
antimicrobial peptides, mucus secretion, and epithelial cell
survival, all of which are vital for protecting against pathogens
and maintaining gut homeostasis.® Results showed that
REG-4 and IL-22 mRNA levels in fecal samples were not modu-
lated by DSC intake, with no difference in the fold change
found between cherry and placebo groups (ESI Table S6%).
Therefore, based on the collected data (plasma LBP, L/M test,
and fecal mRNA), it is suggested that intestinal permeability
was not compromised in the obese participants enrolled in
this study.

3.5 Correlation analyses of significant bacterial taxa and
biomarkers assessed during intervention

In our previous study, we found that DSC supplementation
reduced systolic and diastolic blood pressure (SBP and DBP
respectively), and pro-inflammatory interferon gamma (IFNy)
in obese adults.'* Spearman correlation analysis was per-
formed to determine whether there was a link between
changes in the gut microbiota and SBP, DBP and IFNy follow-
ing DSC supplementation. Interestingly, A A. shahii and A
Bilophila abundance were positively correlated with A IFNy in
the cherry group (Fig. 6). These results align with Li and col-
leagues®® who reported consistent positive correlations
between Bilophila and pro-inflammatory cytokines including
IFNy in DSS-treated mice following resveratrol consumption.
Moreover, significant negative correlations were found
between A R. intestinalis, whose abundance increased only in
cherry, and both A SBP and A Bilophila in the cherry group
(Fig. 6). Collectively, these results suggest that gut microbial
changes induced by DSC juice intake may contribute to both
anti-inflammatory effect and blood-pressure lowering effects
in obese adults. In the placebo group, A A. shahii exhibited sig-
nificant negative correlation with A Turicibacter and A A.
hadrus, while A B. vulgatus showed a positive correlation with
A Bilophila. In addition, A Bilophila and A B. vulgatus were
negatively correlated with A DBP (Figure not shown). Such cor-
relations were not found in the cherry group.

This study is, to our knowledge, the first evaluating DSC
effects on the modulation of the gut microbiota and intestinal

This journal is © The Royal Society of Chemistry 2024
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Fig. 6 Correlations between gut microbiota and obesity-related host
parameters. Spearman’s correlations between relative abundance of
bacterial taxa and host metabolic markers previously reported in the
cherry group. Direction of ellipses represents positive (blue) or negative
(orange) correlations, and the width represents the strength of corre-
lation (narrow ellipse = stronger correlation). Correlations are considered
significant if r coefficients are >0.4 and p < 0.05. Statistically significant
correlations are marked by (*).

barrier function in healthy obese adults. The strengths of this
study include the assessment of the dietary patterns for 15
days, which allowed a better estimation of nutrients that could
impact gut microbiota. A follow-up study should consider the
evaluation of microbial metabolites (i.e., SCFAs) in stool and
plasma samples because it is well established that metabolites
produced after fiber and polyphenol intake are better absorbed
and might have specific biological effects on the host.
Furthermore, the evaluation of multiple biomarkers for intesti-
nal permeability and inflammation (such as the L/M ratio and
fecal mRNA markers) could have provided a better insight into
the impact of DSC on obesity-associated barrier dysfunction if
participants had presented the condition. Future work may
need to focus on obese adults with greater IBF impairment,
who might benefit from DSC supplementation. Despite these
limitations, this study provides a foundation for future explora-
tion of DSC interventions on obesity-associated dysbiosis and
intestinal barrier dysfunction.

4. Conclusions

This study demonstrated that DSC supplementation for 30
days may selectively modulate relevant bacterial taxa in the
context of obesity. These effects include reducing the abun-
dance of A. hadrus, Blautia that may be linked to intestinal

This journal is © The Royal Society of Chemistry 2024
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inflammation, and metabolic disorders and preventing the
increase of pro-inflammatory bacteria A. shahii and Bilophila.
Additionally, DSC intake enhanced the growth of SCFA-produ-
cing bacteria such as R. intestinalis, C. leptum B. vulgatus and
Turicibacter. Furthermore, DSC intake also helped to sustain
the abundance of probiotic bacteria Bifidobacterium, which
was reduced in the placebo group. Our results also add valu-
able information about the possible impact of DSC intake on
gut microbiota by gender, adherence to dietary guidelines, and
obesity grade, with BMI > 35 showing to benefit the most.
Intestinal permeability, evaluated by the LBP quantification,
urinary excretion of L/M, and fecal mRNA biomarkers, were
not affected by DSC supplementation. These results may be
partly due to the study population not showing intestinal per-
meability alterations. In summary, this study advocates for
additional research on the prevention of obesity-associated
dysbiosis by employing DSC with metabolically unhealthy mor-
bidly obese subjects to corroborate the current findings.
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