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Background: Gastrointestinal dysfunction is a prevalent condition affecting
approximately 20-40% of the global population, substantially impairing quality
of life. Probiotics have been shown to improve gastrointestinal health by
modulating the intestinal microbiota, enhancing epithelial barrier function, and
regulating immune responses.

Methods: In this randomized controlled trial, 100 adults (aged 18-65 years)
with gastrointestinal dysfunction, diagnosed according to the Citizen's Intestinal
Health and Hygiene Guidelines from the Expert Consensus on Precision Health
Communication in China, were enrolled. Participants were randomly assigned
to receive either Wec600B (2 sachets/day, 600 billion CFU/sachet, 1,200 billion
CFU/day) or Wec10008B (2 sachets/day, 1,000 billion CFU/sachet, 2000 billion
CFU/day) for 4 consecutive weeks. Safety outcomes, gastrointestinal symptom
improvement rate, immune and inflammatory biomarkers, intestinal barrier
function, and gut microbiota diversity were assessed before and after the
intervention.

Results: After 4 weeks, both Wec600B and Wecl000B groups demonstrated
significant improvement in gastrointestinal symptoms, including indigestion,
abdominal pain, reflux, constipation, and diarrhea, without reported adverse
events. Levels of fecal calprotectin (FC), neutrophil gelatinase-associated
lipocalin (NGAL), and the pro-inflammatory marker FL were reduced, along with
intestinal injury indicators such as diamine oxidase (DAO), D-lactic acid (D-LA),
and lipopolysaccharide (LPS). In contrast, secretory IgA levels increased. Gut
microbiota analysis revealed a significant increase in the relative abundance
of beneficial genera, including Bifidobacterium, Lactobacillus, Blautia, and
Collinsella, and a decrease in potentially pathogenic genera such as Prevotella,
Escherichia-Shigella, and Klebsiella.

Conclusion: Both Wec600B and Wec1000B high-potency probiotics improved
gastrointestinal symptoms and enhanced intestinal health, likely through
modulation of gut microbiota composition, reduction of inflammation, and
reinforcement of intestinal barrier function.
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1 Introduction

According to the “Epidemiology and Current Status of Diagnosis
and Treatment of Functional Gastrointestinal Disorders in China,” the
prevalence of functional dyspepsia (FD) (1) among Chinese adults is
23.5%, exceeding the global average of 18%. The prevalence of irritable
bowel syndrome (IBS) is 11.2%, with diarrhea-predominant IBS
(IBS-D) accounting for 62% of cases. These elevated rates are primarily
attributed to high-carbohydrate and high-fat diets (driven by the
increasing popularity of delivered meals), psychological stress (a 30%
rise in anxiety detection rates), and antibiotic overuse (per capita
annual consumption is 1.8 times that of Western countries).
Gastrointestinal dysfunction represents a widespread health issue in
modern society, characterized by typical symptoms such as
indigestion, bloating, constipation, or diarrhea, which significantly
impair patients’ quality of life (2).

In addition, with the changes in lifestyle and dietary structure,
intestinal flora imbalance has become one of the important factors
inducing gastrointestinal dysfunction (3). Probiotics, as active
microorganisms that can regulate the balance of intestinal microecology,
have shown significant potential in improving gastrointestinal function

strain probiotic formulations

in recent years (4). They mainly exert beneficial effects through multiple
mechanisms, including influencing intestinal barrier function,
interacting with intestinal immune cells to alter the local inflammatory
environment, and directly or indirectly regulating the existing
microbiota (5). Previous studies have demonstrated that probiotics
possess both nutritional and immune-regulating benefits, and may help
prevent and treat many intestinal diseases related to changes in the
intestinal microbiota (6). However, research has found that the causes
of gastrointestinal dysfunction are complex, and a single probiotic has
limitations and is unable to cover the entire intestine. In contrast, a
multi-strain probiotic through the complementary mechanism of
ecological niches of different functional characteristics shows
significantly better efficacy in alleviating IBS symptoms than any single
strain (7). For example, in the case of eradicating Helicobacter pylori, the
mixture of Lactobacillus rhamnosus GG and Bifidobacterium Bb12 is
more effective than either single strain given alone (8). Furthermore,
existing clinical studies have demonstrated that due to the interaction
among the strains, the performance of multi-strain probiotics is
superior to that of single-strain probiotics (9, 10). For instance, multi-
strain probiotic combinations are more effective in improving gastric
emptying and intestinal peristalsis (11), preventing necrotizing
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enterocolitis (NEC) (12), reducing stress (13), improving the symptoms
of adult IBS-D patients (14), and reducing allergic inflammation and
improving neurobehavioral outcomes (15).

However, the influence of different combinations of strains and
their activities on the efficacy of probiotics still requires further
investigation. Currently, it has been found that low-activity probiotic
mixtures of different doses can significantly improve gastrointestinal
symptoms and regulate the structure of the intestinal flora, especially
the higher-activity probiotic mixtures exhibit excellent performance
in microbial regulation (16). Nevertheless, systematic research on
high-potency multi-strain probiotics remains scarce. Therefore, this
study conducts in-depth exploration focusing on high-potency multi-
strain probiotics, with an emphasis on their application effects and
safety in clinical settings (17). Notably, the clinical efficacy of
probiotics is strain-specific and influenced by multiple factors,
including strain combinations, viability, dosage, and delivery format
(18). High-potency multi-strain probiotic formulations, particularly
those produced via freeze-drying technology, are designed to maintain
cell viability during storage and gastrointestinal transit, thereby
improving colonization potential and functional activity in the
gut (19).

Preclinical studies of two proprietary high-potency multi-strain
probiotic formulations (Wec600B and Wec1000B; Wecare Probiotics
Co., Ltd.) have shown increased microbial diversity and higher short-
chain fatty acid production. Nevertheless, there remains a paucity of
clinical evidence comparing the efficacy and safety of different strain
combinations in improving gastrointestinal function (20). Moreover,
despite probiotics generally being recognized as safe (GRAS), potential
adverse effects may vary according to strain composition and dosage,
underscoring the need for systematic safety evaluation in human
trials (20).

This randomized controlled trial assessed the safety and efficacy
of Wec600B and Wec1000B in adults with gastrointestinal dysfunction
(GID)
gastrointestinal symptoms, inflammatory/immune markers, intestinal

over 4 weeks. Primary outcomes were changes in
barrier measures, and gut microbiota composition; secondary
outcomes were adverse events and overall tolerability, to inform
evidence-based use of probiotic interventions in GI health.

2 Materials and methods
2.1 Experimental materials

Two high-potency multi-strain probiotic formulations were
evaluated in this study: Wec600B and Wec1000B (Wecare Probiotics
Co., Ltd., Suzhou, China). Wec600B comprised the following probiotic
strains: Bifidobacterium animalis subsp. lactis BLa80, Lacticaseibacillus
rhamnosus LRa05, Weizmannia coagulans BC99, Bifidobacterium
longum subsp. longum BL21, Lactobacillus acidophilus LAS85,
Lacticaseibacillus paracasei 1LC86, Bifidobacterium breve BBr60,
Pediococcus acidilactici PA53, and Lactiplantibacillus plantarum Lp05,
with dextrin as the carrier. Each 3.0 g sachet contained a total viable
count of 600 billion colony-forming units (CFU). Wecl000B
contained the same probiotic strains and dextrin in identical
proportions, with each 3.0g sachet providing 1,000 billion
CFU. Participants in both groups consumed two sachets per day for
the 4-week intervention period.
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2.2 Study design

This randomized, double-blind, parallel-group clinical trial
enrolled adults with abnormal gastrointestinal function, without
gender restrictions. As shown in Figure 1, a total of 100 eligible
participants from Luoyang, Henan Province were recruited on a
voluntary basis and randomly assigned, in a 1:1 ratio, to either the
Wec600B group or the Wec1000B group (n = 50 per group). Baseline
demographic characteristics, including age, gender and cultural
background, did not differ significantly between the two groups.
Participants randomized to Wec600B were administered two sachets
daily (3.0 g/sachet; 600 billion CFU per sachet), and those randomized
to Wecl000B received two sachets daily (3.0 g/sachet; 1,000 billion
CFU per sachet) for 4 weeks. The formulation was administered after
lunch and dinner respectively, and was reconstituted only with warm
water (approximately 37 °C) for consumption—this temperature was
controlled to avoid damaging the probiotic strains. No other food or
beverages were allowed to be consumed concurrently with the product
during intake. During the intervention period, participants are
required to adopt a healthy dietary pattern with a reasonable dietary
structure characterized by “diversity of foods and balanced
proportions,” with reference to Dietary Guidelines for Chinese Residents
(2022). This can be briefly summarized by the “Plate Method”: staple
foods (including grains and tubers) accounting for approximately 1/3
of the plate, vegetables and fruits accounting for about 1/2 of the plate,
high-quality protein accounting for roughly 1/6 of the plate, and oils,
salt and sugar to be consumed in “trace amounts” The consumption
of fermented foods and supplements is not permitted. Regarding
physical activity levels, no additional control was required in this
study. Participants were only asked to ensure that their physical
activity levels throughout the study period (from the start to the end
of the study) remained consistent with their activity levels prior to the
study (“pre-intervention”).

Follow-up visits were conducted at weeks 1, 2, 3, and 4 to monitor
compliance and record any adverse events, including gastrointestinal
discomfort and other complications. Fecal samples were collected at
the Affiliated Hospital of Henan University of Science and Technology
at baseline (week 0) and post-intervention (week 4). Compliance was
assessed by reviewing participant diary cards and collecting all unused
products and empty sachet packaging at the end of the study. This trial
was registered with ClinicalTrials.gov, number NCT06781814.

2.3 Inclusion and exclusion criteria

Inclusion Criteria: Voluntary participation, written and signed
informed consent, agreement to participate in this study; ability to
complete the study as per the protocol requirements; age between 18
and 65 years; meeting the diagnostic criteria for gastrointestinal
dysfunction as stipulated in the “Citizen’s Guide to Intestinal Health
and Hygiene” of the “Expert Consensus on Precision Health
Communication in China’; symptoms: irregular bowel movements,
loose or hard stools, intestinal rumbling in the abdomen, abdominal
distension, belching, hiccups, excessive intestinal gas, abdominal pain,
acid reflux, heartburn, pain in the stomach or abdomen when hungry,
nausea; signs: abdominal pain and distension, diarrhea and
constipation, indigestion, acid reflux, bad breath and flatulence, skin
problems, changes in stool color and shape.
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Research design diagram.
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Exclusion Criteria: Use of drugs that affect the intestinal flora
(including antibiotics, probiotics, intestinal mucosal protectants,
traditional Chinese patent medicines, etc.) for more than one week
continuously within one month before screening; short-term use
of substances with similar functions to the study, affecting the
judgment of results; use of antibiotics during illness; participants
with liver and kidney insufficiency, uncontrolled autoimmune
diseases, infectious diseases, cardiovascular diseases, neurological
disorders, or malignant tumors; those allergic to the components
of the multi-strain probiotic formulations used in this study;
pregnant or lactating women or those with recent plans for
pregnancy; participants who cannot participate in the study due to
personal reasons; other participants deemed unsuitable for
participation by the researchers.
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2.4 Sample size and randomization

Two types of control designs were adopted: self-control and inter-
group control. The participants were randomly divided into the
Wec600B group or the Wec1000B group, considering the main factors
that might affect the results such as age, gender, and dietary factors,
and conducting an equilibrium test to ensure the comparability
between the groups.

The trial was powered for a two-sided comparison of two
independent proportions, with the primary endpoint defined as the
proportion of participants achieving a prespecified improvement in
gastrointestinal dysfunction at the primary assessment visit. Based on
prior studies and our pilot data, we assumed an absolute between-
group difference of 25 percentage points. Using R (pwr package;
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pwr.2p.test) with @ = 0.05 and 80% power, the required sample size
was 45 participants per group. Allowing for 10% anticipated attrition,
the target enrollment was increased to 50 per group (total N = 100).
Participants were randomized 1:1 to the two probiotic groups using
computer-generated permuted blocks (variable block sizes), without
stratification, with allocation concealment maintained via a
centralized randomization list. The randomization seed and
algorithm were recorded and archived prior to enrollment. The
intention-to-treat (ITT) population was specified as primary; no
per-protocol or other sensitivity analyses were prespecified.

2.5 Primary and secondary observation
indicators

The main observation indicator is to assess the safety of the two
high-potency multi-strain probiotic formulations. Based on the
weekly follow-up records of taking the high-potency multi-strain
probiotic formulations, the evaluation indicators include the daily
defecation frequency within a week, whether the stool is loose or hard,
whether there is abdominal distension or acid reflux, etc., to evaluate
the safety of gastrointestinal symptom improvement. The secondary
observation indicators are to evaluate the effects on immune factors,
inflammatory factors, intestinal barrier, and intestinal flora based on
the fecal sample test results at weeks 0 and 4 after taking the high-
potency multi-strain probiotic formulations.

2.6 Detection methods

Fecal routine examination is used to evaluate the fecal
characteristics; the “Questionnaire Star” platform (21, 22) —China’s
largest professional survey platform, certified to ISO 26362—is used
to conduct a questionnaire survey for the research participants, mainly
investigating the basic information of the research participants,
collecting symptom scores for abdominal rumbling, abdominal
distension, hiccups, intestinal flatulence, abdominal pain, heartburn,
hunger pain, nausea, etc. to evaluate the safety indicators; ELISA kit
method is used to measure IgA, FL, NGAL, FC, LPS, DAO, D-LA in
feces, and the measurement process strictly follows the operating
methods in the manual; 16S rRNA gene sequencing technology is
used to analyze the intestinal flora.

2.7 Statistical methods

Data are analyzed and processed using Graphpad Prism 10.0 and
SPSS 22.0 statistical software. Measurement data are expressed as
(X £), and t-test is used. p < 0.05 is considered statistically significant.

TABLE 1 Baseline characteristics of the two groups of study participants.

Product Gender [Proportion (%)]

EE] Female

10.3389/fnut.2025.1696243

3 Results
3.1 Baseline characteristics

A total of 100 participants from Luoyang, Henan, completed a
4-week intervention study. In the Wec600B product group, there were
23 males and 27 females, with an average age of 26.12 + 11.3 years. In
the Wec1000B product group, there were 22 males and 28 females,
with an average age of 30.08 + 12.98 years. The participants in both
groups had similar age, gender, and cultural background levels, and
there was no statistically significant difference between the two groups
(p > 0.05), making them comparable. As shown in Table 1.

3.2 Safety evaluation

3.2.1 Effects of Wec600B and Wec1000B
interventions on gastrointestinal function
symptoms

To assess the safety of the high-potency multi-strain probiotic
formulations for the participants in the study, the impact on
gastrointestinal discomfort symptoms was observed, and relevant
safety evaluations were conducted. In this study, symptom scoring
questionnaires for heartburn, acid reflux, hunger-related epigastric
pain, nausea, belching and flatulence, borborygmi, abdominal
bloating, increased flatulence, abdominal pain, constipation, and
diarrhoea were collected at weeks 0, 1, 2, 3, and 4, according to the
GSRS scoring scale, which was divided into 5 dimensions (23):
dyspepsia (abdominal bloating, increased flatulence, belching and
borborygmi), abdominal pain (abdominal pain, hunger-related
epigastric pain, nausea), reflux (heartburn and acid reflux),
constipation, and diarrhoea. Each item was rated from no symptoms
to very severe based on severity, with a total of 7 levels (24). Among
them, the 4 items included in dyspepsia were rated from no symptoms
to very severe based on severity, with a total of 6 levels; constipation
and diarrhoea were rated from no discomfort to severe discomfort,
with a total of 4 levels (25). The results are shown in Tables 2, 3 and
Figure 2. At one week of intervention, symptoms such as dyspepsia
and reflux were significantly relieved, and other symptoms also
improved. The improvement of intestinal function gradually
strengthened with the extension of intervention time, and participants
experienced reduced gastrointestinal discomfort. Both constipation
and diarrhoea symptoms were improved. Mild loose stools
significantly decreased after one week of intervention and continued
to improve in the subsequent period; moderate and severe loose stools
were also rapidly relieved after intervention and were almost absent in
the fourth week. In summary;, after four weeks of high-potency multi-
strain probiotic intervention, the gastrointestinal symptoms of the
study participants were significantly reduced compared to the baseline
level, and constipation and diarrhoea could be effectively reduced.

Age (Years,
)

Before

Wec600B(n = 50) 23 (46%) 27 (54%) 26.12+11.30 23.56 £ 2.62 23.37+247 0.7667 ‘
Wec1000B(n = 50) 22 (44%) 28 (56%) 30.08 £12.98 23.47+2.78 2321£2.59 0.6894 ‘
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TABLE 2 Analysis of gastrointestinal function questionnaire for Wec600B product.

Domain Evaluation Score p-value (vs. Baseline) = 95% CI (vs. Baseline)
Indigestion Baseline 7.24 £2.52 - -
W1 6.36 £ 2.25 0.050 0.27880, 1.48120
w2 6.62 +2.07 0.084 —0.08529, 1.32529
W3 6.64 £ 1.78 0.126 —0.17459, 1.37459
W4 5.64 +1.48 <0.001 0.92551, 2.27449
Reflux Baseline 298 +1.27 - -
W1 2.46 £0.91 <0.001 0.22588, 0.81412
w2 2.38+0.73 <0.001 0.30723, 0.89277
w3 2.50 £ 0.86 0.004 0.15908, 0.80092
W4 2.52+091 0.009 0.11930, 0.80070
Bellyache Baseline 4.62+1.84 - -
W1 3.96 £ 1.26 0.010 0.16405, 1.15595
w2 3.82+1.10 0.004 0.26446, 1.33554
W3 3.92 £ 1.56 0.040 0.03226, 1.36774
W4 3.80 £ 1.62 0.028 0.09217, 1.54783
Diarrhoea Baseline 0.52+0.58 - -
W1 0.52 £ 0.65 1.000 —0.20702, 0.20702
w2 0.46 + 0.58 0.583 —0.15796, 0.27796
w3 0.28 £ 0.54 0.027 0.02857, 0.45143
W4 0.14 £ 0.35 <0.001 —0.20881, 0.55119
Constipation Baseline 0.42 +0.67 - -
W1 0.28 +£0.57 0.070 0.01202, 0.29202
w2 0.38 £ 0.60 0.687 0.15856, 0.23856
w3 0.34 +0.56 0.322 0.08077, 0.24077
W4 0.44 +0.58 0.837 0.21462, 0.17462

There were no adverse reactions. It can be observed that the symptom
improvement effect of the Wec1000B group is better than that of the
Wec600B group, indicating that the high-potency multi-strain
probiotic preparation has better safety and gastrointestinal regulatory
effects, and is more conducive to improving gastrointestinal health.

3.2.2 Adverse reactions

During the trial, by observing the participants intake of Wec600B
and Wecl000B high-potency multi-strain probiotic formulations
weekly, no adverse reactions were observed in both groups, indicating
good safety.

3.3 Effects of Wec600B and Wec1000B
interventions on immune, inflammatory,
and gut barrier markers

The intestine is not only an important part of the digestive system,
but also the largest immune organ in the human body. 70% of the
body’s immunity originates from the intestine. There is a close
interrelationship between the intestinal microbiota and the immune
system. The intestinal microbiota and its metabolites regulate the
immune system through various pathways and play an important role

Frontiers in Nutrition

in maintaining the host’s immune homeostasis. Immunoglobulin (IgA)
is the most common type of antibody in the human immune system. It
is secreted by specialized cells in the mucosa. IgA can inhibit microbial
attachment to the respiratory epithelium, slow down virus reproduction,
and play an important immune barrier role. It has antibody activity
against certain viruses, bacteria, and general antigens and is the first line
of defense against pathogen invasion (26, 27). Fecal lactoferrin (FL) is
a sugar protein that binds to iron and has immune function. It is an
important component of secondary granules of neutrophils and its
content increases in inflammatory diseases. When the intestine is
inflamed, neutrophils infiltrate the intestinal mucosa, causing an
increase in lactoferrin (28). This study measured the levels of IgA and
FL in the feces of the study participants before and after the intervention.
The results are shown in Figures 3A,B. The data indicate that there was
no difference in the baseline between the two groups before the
intervention (p > 0.05), after 4 weeks of intervention, the IgA levels in
both groups significantly increased (p < 0.01), with a 21.4189% increase
in the Wec600B group and a 26.8608% increase in the Wec1000B group.
The FL levels in both groups significantly decreased (p < 0.05), with a
12.647% decrease in the Wec600B group and a 15.442% decrease in the
Wecl000B group. It is indicated that the high-potency multi-strain
probiotics may regulate the intestinal flora, inhibit the growth of
pathogenic bacteria, effectively adjust the levels of immune factors in
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TABLE 3 Analysis of gastrointestinal function questionnaire for Wec1000B product.

Domain Evaluation Score p-value (vs. Baseline) = 95% CI (vs. Baseline)
Indigestion Baseline 9.04 £3.52 - -
W1 7.22+£2.38 0.003 0.62763, 3.01237
w2 6.80 +2.03 0.000 1.10042, 3.37958
w3 6.30 £ 1.97 0.000 1.60856, 3.87144
W4 6.14 £2.21 0.000 1.73391, 4.06609
Reflux Baseline 3.54+1.99 - -
W1 2.66 £ 1.54 0.008 0.23398, 1.52602
w2 276 £ 1.17 0.019 0.13162, 1.42838
w3 2.56 +0.95 0.002 0.36053, 1.59947
W4 258 £1.14 0.004 0.31527, 1.60473
Bellyache Baseline 570 +3.18 - -
W1 4.84+2.16 0.117 —0.21968, 1.93968
w2 4.32+1.52 0.007 0.39030, 2.36970
w3 4.02 +1.45 0.001 0.69837, 2.66163
W4 3.86 + 1.46 0.000 0.8572, 2.82248
Diarrhoea Baseline 0.78 £ 0.68 - -
w1 0.52 +0.65 0.053 —0.00309, 0.52309
w2 0.54 +£0.71 0.086 —0.03486, 0.51486
W3 0.42+0.61 0.006 0.10404, 0.61596
W4 0.32 +£0.47 0.000 0.22809, 0.69191
Constipation Baseline 1.14 £ 0.95 - -
W1 0.50 £0.74 0.000 0.30332, 0.97668
w2 0.50 +£0.74 0.000 0.30332, 0.97668
w3 0.48 £0.71 0.000 0.32818, 0.99182
W4 0.20 +0.49 0.000 0.63992, 1.24008

the body, enhance the immune defense ability, and it can be observed
that the high-potency multi-strain probiotics have a more significant
effect in immune regulation compared to the other group.

Persistent gastrointestinal problems are a type of chronic
inflammation. This inflammatory state often does not cause obvious
clinical symptoms, but persists for a long time, with continuously
elevated levels of inflammatory mediators in the body. Over the long
term, it will affect human health. Studies have found that probiotics
can regulate the inflammatory response in the body and reduce the
damage caused by chronic inflammation to the body. Calprotectin
(FC) is a cytoplasmic protein complex that is constitutively expressed
in neutrophils and is released when migrating to the intestinal mucosa
during intestinal inflammation. In chronic inflammatory diseases,
calprotectin can promote the disease process through binding to
cytokine receptors and the production of reactive oxygen species (29).
Neutrophil gelatinase-associated lipocalin (NGAL) is a lipid carrier
protein that is lowly expressed in neutrophils, kidneys, colon, and lung
epithelial cells. It is a marker of kidney structural damage, systemic
inflammation, and oxidative stress. NGAL can also participate in the
glycolipid metabolism and chronic inflammatory response of cells (30,
31). This study measured the levels of FC and NGAL in feces before
and after intervention. The results are shown in Figures 3C,D. compared
with the baseline, the NGAL level in the probiotic groups decreased
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significantly after intervention (p < 0.05): the Wec600B group showed
a 13.689% reduction, while the Wec1000B group exhibited a 16.848%
reduction. In terms of the magnitude of reduction, the Wec1000B
group demonstrated superior efficacy in lowering NGAL levels and
alleviating inflammation compared with the Wec600B group; the FC
level significantly decreased (p < 0.01), with a reduction of 29.665% in
the Wec600B group and 20.574% in the Wecl000B group. This
indicates that probiotic intervention may reduce intestinal damage
and lower the levels of NGAL and FC by regulating the intestinal flora,
inhibiting the growth of pathogenic bacteria, and modulating the
intestinal immune response. It suggests that high-potency multi-strain
probiotics can effectively reduce intestinal inflammation and promote
intestinal health homeostasis in the body.

The early pathogenic processes of many complex diseases often
start with damage to the gastrointestinal (GI) barrier function (32, 33).
When various factors damage the intestinal barrier function, it can lead
to an increase in intestinal permeability, resulting in a series of
pathological changes such as the translocation of intestinal flora (34).
Lipopolysaccharide (LPS), also known as endotoxin, mainly
translocates across the cell membrane through the transcellular
pathway. When the intestinal barrier function is impaired, intestinal
permeability increases, and bacterial endotoxins (such as LPS) can
be transferred to the circulatory system, increasing the level of LPS in
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The effects of Wec600B and Wec1000B on gastrointestinal functional symptoms before and after intervention. (A,F) The dyspepsia scores of the
Wec600B group and the Wecl000B group. (B,G) The reflux scores of the Wec600B group and the Wec1000B group. (C,H) The abdominal pain scores
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scores of the Wec600B group and the Wec1000B group. Wec600B_0 and Wecl1000B_0 represent the pre-intervention status of the Wec600B group
and the Wec1000B group; Wec600B_1 and Wecl1000B_1 represent the post-intervention status of the Wec600B group and the Wec1000B group.

the serum of the organism. Therefore, the level of LPS is also considered
a potential marker for increased intestinal permeability (35). D-lactic
acid (D-LA) is a fermentation product of intestinal resident bacteria
and has a very low level in healthy individuals. However, in the case of
loss of intestinal barrier function, the increase in the paracellular
pathway leads to an increase in intestinal permeability, and a large
amount of D-LA enters the bloodstream through the damaged mucosa,
causing an increase in the level of D-LA in the blood (36). The
detection of D-LA levels in feces can also, to a certain extent, assess
intestinal barrier damage (37). Studies have confirmed the relationship
between fecal DL-lactic acid and intestinal inflammation or
malabsorption (38). Diamine oxidase (DAO) is an intracellular enzyme
located on the intestinal mucosa and has high potency. Its biological
activity is affected when intestinal mucosal cells are damaged, and it is
an important indicator for judging the function of the intestinal
mucosal barrier (39). This study measured the levels of LPS, D-LA, and
DAO in feces before and after intervention. The results are shown in
Figures 3E-G, after the intervention, the levels of LPS, D-LA, and DAO
were significantly reduced (p < 0.05). In the Wec600B group, they
decreased by 16.327, 13.7308, and 20.9419% respectively; in the
Wecl000B group, they decreased by 20.916, 15.199, and 21.1466%,
respectively., indicating that high-potency multi-strain probiotics may

Frontiers in Nutrition

08

effectively improve intestinal health by regulating the intestinal flora,
enhancing intestinal barrier function, and regulating immune
responses. The results of the two groups of interventions showed that
the intervention effect of the Wec1000B group was better than that of
the Wec600B group. This indicates that the higher-potency multi-
strain probiotic preparations play a significant role in maintaining
intestinal homeostasis and enhancing the body’s resistance.

3.4 Regulation of gut microbiota

3.4.1 Changes in bacterial diversity and richness
In order to investigate the degree of Alpha diversity and Beta
diversity of species within the biological intestinal microbiota before
and after the intervention with Wec600B and Wec1000B high-potency
multi-strain probiotic formulations, the changes in the microbiota
were evaluated by analyzing the Chaol, Shannon index, and principal
coordinate analysis (PCoA). As shown in Figures 4A-D, the results
indicated that after the intervention with Wec600B and Wec1000B
high-potency multi-strain probiotic formulations, the Alpha diversity
of the microbial community changed, and these indices increased in
both groups, showing significant differences. Beta diversity is an
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FIGURE 3
Effects of Wec600B and Wec1000B interventions on immune, inflammatory, and gut barrier markers in feces before and after intervention. (A) IgA.
(B) FL. (C) NGAL. (D) FC. (E) LPS. (F) D-LA. (G) DAO. Wec600B_0 and Wec1000B_0 represent the pre-intervention status of the Wec600B group and
the Wec1000B group; Wec600B_1 and Wecl1000B_1 represent the post-intervention status of the Wec600B group and the Wec1000B group.

indicator used to analyze the differences in the composition and
structure of microbial communities between different samples or
groups. Figures 4E,F evaluated the effect of Wec600B and Wec1000B
composite probiotic formulations on the Beta diversity of the intestinal
microbiota through principal coordinate analysis (PCoA). The results
showed that the microbial community structure in the Wec600B
group before intervention (Wec600B_0) and after intervention
(Wec600B_1) presented a highly significant separation in PCoA
(PERMANOVA p value=0.001, PC1 explained 38.61%, PC2
explained 23.01%), and the microbial community structure in the
Wecl000B group before intervention (Wecl000B_0) and after
intervention (Wec1000B_1) also showed a significant separation trend
in PCoA (PERMANOVA p value = 0.048, PC1 explained 16.61%, PC2
explained 27.08%), suggesting that the differences in microbial
community composition were statistically significant; the sample
points of the two groups showed a clear clustering in the
two-dimensional sorting diagram, indicating an increase in the
richness of the intestinal microbiota, an increase in the number of
microbial species, and possibly an improvement in microbial
community uniformity, with a more stable structure, which is
conducive to maintaining the stability of the intestinal microecology.

3.4.2 Alteration of microbial community structure

As shown in Figures 5A,B, the relative abundance of intestinal
microbiota at the genus level for different groups is presented, only
showing the top 15 most abundant genera. This study explores the
impact of the intervention on the structure of the intestinal microbiota.
The results indicate that before the intervention (Wec600B_0,
Wecl000B_0), the bacterial genera such as Bacteroides, Prevotella,
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Faecalibacterium, Bifidobacterium, and Blautia occupied certain
proportions in the intestinal microbiota. After the intervention
(Wec600B_1 group and Wec1000B_1 group), the relative abundances
of beneficial bacterial genera such as Bifidobacterium, Lactobacillus,
Blautia, and Collinsella significantly increased; at the same time, the
proportions of some potential harmful bacterial genera decreased,
such as Prevotella, Escherichia-Shigella, and Klebsiella. The decrease in
abundance directly reduced the risk of intestinal infection and
improved symptoms of diarrhea and abdominal pain. By analyzing the
top 200 bacterial strains with relatively high relative abundance at the
species level, we explored the changes in the added bacterial strains
before and after the intervention with high-potency multi-strain
probiotic formulations. We identified two groups of added bacterial
strains, including Bifidobacterium_longum, Bifidobacterium_animalis,
Lactiplantibacillus_plantarum, Lacticaseibacillus _rhamnosus, as
shown in Figures 5C-F. Among them, the Bifidobacterium_animalis
in both groups and Lactiplantibacillus_plantarum in the Wec600B
group showed significant differences in relative abundance after the
intervention (p < 0.05). The relative abundances of the other two
strains also showed a certain upward trend after the intervention. The
results indicate that both groups of combined bacterial strains are rich
in a high proportion of Bifidobacterium_longum and Bifidobacterium_
animalis, and the relative abundances of Lactiplantibacillus_plantarum
and Lacticaseibacillus_rhamnosus in the Wec600B group are higher
than those in the Wecl000B group, suggesting that high-potency
multi-strain probiotics can specifically regulate the abundance of
certain bacterial strains and improve gastrointestinal discomfort.

As shown in Figures 6A,B, through LEfSe analysis, the
composition of species that differ between two or more communities
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was revealed, and the regulatory effects of the intervention on the
intestinal microbiota before and after were explored. The results
showed that after the intervention, in the Wec600B_1 group, the
genera Bifidobacterium (Bifidobacterium) and Lactobacillus were
significantly enriched (LDA > 3.6, p < 0.05), while the abundance of
the Prevotella genus decreased; in the Wec1000B_1 group after the
intervention, the abundance of g__Bifidobacterium (Bifidobacterium
genus) significantly increased (LDA > 4.0, p < 0.05), indicating that
its abundance was significantly enriched in this group, verifying the
changes in the structure of the intestinal microbiota at the genus
level before and after the intervention as previously analyzed. As
shown in Figures 6C,D, random forest analysis is a core tool for
quantifying the significance and effect size of inter-group differences,
and is applicable for statistical inference of changes in microbial
community abundance in microbiomics. The forest plot analysis was
used again to verify the results of LEfSe analysis. It indicated that the
Wec600B_1 and Wecl000B_1 combined probiotics reshaped the
intestinal microecology and improved gastrointestinal function
through different strain combinations. According to Figures 6E-I,
through the above analysis, Two groups of prominent differential
strains were identified, such as Bifidobacterium, Lactobacillus,
Blautia, Collinsella, and Prevotella. These strains were compared
before and after the intervention. It was found that after 4 weeks of
intervention, Bifidobacterium (40), Lactobacillus, Blautia, and
Collinsella
significantly decreased.

significantly ~ increased;  while  Prevotella
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As shown in Figures 7A,B, through heatmap analysis of the
interactions among the bacterial communities after the intervention,
it was found that beneficial bacteria such as Bifidobacterium and
Lactobacillus showed a significant positive correlation with each other,
while they had a negative correlation with harmful bacteria such as
Prevotella and Escherichia-Shigella. Among them, the beneficial
bacteria in the Wec600B group were significantly negatively correlated
with the harmful Prevotella bacteria, indicating that both groups of
high-potency multi-strain probiotics can increase beneficial bacteria
and inhibit harmful bacteria, thereby improving gastrointestinal health.

The microbial community was predicted and analyzed at the KEGG
L3 level through the PICRUSt function. Combined with the changes in
the microbial community and indicators, the regulatory mechanism of
the intervention on the intestinal microecology and functions was
revealed. As shown in Figures 8A,B, at the KEGG L3 level, each group,
respectively, revealed six different pathways. The Wec600B group
significantly enriched Quorum sensing, Starch and sucrose metabolism,
ABC transporters, Biosynthesis of amino acids, Cysteine and
methionine metabolism, and Ribosome; the main differential metabolic
pathways of the Wec1000B group included Lipoarabinomannan (LAM)
biosynthesis, Toll and Imd signaling pathway, Proteasome, Flavone and
favonol biosynthesis, Retrograde endocannabinoid signaling, and Bile
secretion. Different KEGG pathways shape the microbial community
structure to promote beneficial bacteria and inhibit harmful bacteria,
and synergistically regulate IgA immunity enhancement, improving FL,
FC, NGAL, LPS, DAO, D - LA and other inflammatory and intestinal
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barrier indicators, demonstrating the positive remodeling of intestinal
microecology and functions after the intervention with high-potency
multi-strain probiotics.

3.5 Correlation analysis

Through correlation analysis of clinical indicators with KEGG L3
metabolic pathways, microbiota with questionnaires, and clinical
indicators, this study investigated the ameliorative effects of high-
potency multi-strain probiotics on gastrointestinal dysfunction. As
illustrated in Figures 9A,B, significant positive correlations were
observed between IgA and the metabolic pathways of starch and
sucrose metabolism, as well as cysteine and methionine metabolism
in the Wec600B group. Conversely, FL, FC, and NGAL exhibited
significant negative correlations with the biosynthesis of amino acids.
In the Wec1000B group, FC and NGAL demonstrated significant
negative correlations with retrograde endocannabinoid signaling and
bile secretion, while proteasome showed a negative correlation with
IgA and positive correlations with markers of inflammation and
intestinal injury. In Figures 9C,D, it can be observed that the beneficial
differential bacterial groups Bifidobacterium, Lactobacillus, Blautia,
and Collinsella in both groups have a negative correlation with the
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questionnaire assessment indicators, a positive correlation with IgA,
and a negative correlation with inflammatory indicators and intestinal
barrier damage markers. The harmful differential bacterial group
Prevotella has a positive correlation with the questionnaire assessment
indicators, a negative correlation with IgA, and a positive correlation
with inflammatory indicators and intestinal barrier damage markers.
Especially, the beneficial differential bacterial groups Bifidobacterium
and Lactobacillus in both groups have a significant correlation with
clinical indicators. Through the above correlation analysis, it is found
that the correlation between the Wecl000B group and clinical
indicators is stronger and more significant. This indicates that the
higher-potency multi-strain probiotic intervention has a strong
correlation with the body’s immunity, inflammatory response, and
intestinal barrier through the interaction of bacterial communities
and metabolic pathways. Combined with the beneficial bacteria effect,
it inhibits harmful bacteria, thereby better exerting the role of
improving gastrointestinal discomfort symptoms.

4 Discussion

GI dysfunction affects multiple systems such as circulation and
respiration. In severe cases, it disrupts the epithelial-microbial balance
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Analysis of inter-microbial correlations post-intervention. (A) Heatmap of the Wec600B group. (B) Heatmap of the Wec1000B group. *p < 0.05;
**p < 0.01; ***p < 0.001.
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and causes inflammation, triggering multiple organ dysfunction.
According to the investigation, about 60% of critically ill patients have
GI dysfunction and are associated with adverse outcomes (41). Since
the vast majority of the microbial flora exist in the gastrointestinal
tract, their interaction disorder with the host can lead to various
gastrointestinal diseases (42). Studies have shown that probiotic
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strains interact with the host through different mechanisms and can
alleviate clinical symptoms, and even intervene in the pathological
process of diseases under specific conditions (43). Probiotics regulate
the intestinal microenvironment, increase the proportion of beneficial
bacteria, inhibit harmful bacteria, and maintain barrier function (44),
thereby reducing intestinal inflammation, inhibiting inflammatory
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factors, and regulating immune function (45). In this study, after two
groups of high-potency multi-strain probiotic formulations were
administered for 4 weeks, the gastrointestinal discomfort symptoms
of the study participants could be significantly improved. The safety
of Wec600B and Wecl1000B high-potency multi-strain probiotic
formulations were evaluated. After intervention with Wec600B, the
scores of the study participants decreased compared to the baseline,
with extremely significant reductions in symptoms of indigestion and
diarrhea (p <0.0001), significantly reduced reflux (p <0.01) and
abdominal pain symptoms (p < 0.05), and no significant difference in
constipation (p > 0.05). This indicates that the Wec600B group had a
significant improvement in symptoms of indigestion and diarrhea,
while there was no improvement in constipation symptoms. After
intervention with Wec10003B, the scores of the study participants also
decreased significantly compared to the baseline, with extremely
significant reductions in symptoms of indigestion and constipation
(p < 0.0001), extremely significant reductions in abdominal pain and
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diarrhea symptoms (p <0.001), and significantly reduced reflux
symptoms (p < 0.01). This shows that the Wec1000B group had an
extremely significant effect in improving symptoms of indigestion,
diarrhea, abdominal pain and constipation, and demonstrated that
probiotic intervention could improve gastrointestinal motility and
defecation function. Compared to the Wec600B group, the Wec1000B
group showed more significant effects in improving gastrointestinal
symptoms, being more comprehensive. Next, we will discuss the
immune system of individuals with gastrointestinal disorders.
Research has shown that probiotic intervention can increase the level
of IgA in feces, protect the intestines from harmful substances, and
regulate the immune system (46, 47).

Through this study, it was found that the level of immune factor
IgA significantly increased in both groups after high-potency multi-
strain probiotic intervention, and FL decreased. This indicates that
probiotics can, to a certain extent, enhance the body’s immunity. There
are also studies indicating that the reduction of inflammatory factors
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such as calprotectin FC and intestinal damage markers can decrease
intestinal inflammation and intestinal permeability (48), and enhance
immunity (49). This study found that after 4 weeks of intervention
with the high-potency multi-strain probiotic formulations, the levels
of inflammatory factors such as calcium-binding protein FC and
neutrophil gelatinase-associated lipocalin NGAL, as well as intestinal
damage markers such as diamine oxidase (DAO), D-lactic acid
(D-LA), and lipopolysaccharide (LPS) (50), could be reduced in the
body. This provides new evidence for subsequent research on the
ability of high-potency multi-strain probiotics to reduce inflammation
and enhance intestinal barrier function, and also lays a foundation for
further research on the regulation of intestinal metabolomics by high-
potency multi-strain probiotics.

In order to explore the mechanism by which the high-potency
Wec600B and Wec1000B multi-strain probiotic formulations improve
gastrointestinal discomfort symptoms, we then analyzed the intestinal
flora. Through 16S rRNA flora sequencing analysis, the two groups of
intestinal flora contained certain proportions of bacterial genera such as
Bacteroides, Prevotella, Faecalibacterium, Bifidobacterium, and Blautia.

After the intervention, the relative abundances of beneficial
bacterial genera such as Bifidobacterium, Lactobacillus, Blautia, and
Collinsella significantly increased in both groups. Among them,
Bifidobacterium can increase the frequency of defecation, improve
the consistency of feces, induce beneficial changes in the intestinal
microbiota, inhibit the adhesion of pathogenic bacteria, and reduce
intestinal infections. It has a remarkable effect on children’s
intestinal health and the improvement of constipation (51). This is
consistent with the significant improvement in constipation
symptoms in the Wecl000B group after the intervention in the
questionnaire-based  gastrointestinal ~symptom  indicators,
indicating that Bifidobacterium is enriched after high-potency
multi-strain probiotic intervention. In the correlation analysis, it
inhibits harmful bacteria through positive interactions with
beneficial bacteria, enhances immunity, reduces inflammation,
changes the intestinal microbiota, and improves intestinal function.
Some studies have also demonstrated that Lactobacillus produces
acids to inhibit the colonization of harmful bacteria (such as
Escherichia coli), secretes bacteriocins and organic acids,
strengthens the intestinal barrier, and can regulate immunity,
reduces the release of inflammatory factors (52), regulates intestinal
motility, and through correlation analysis, it shows a significant
negative correlation with inflammatory factors and questionnaire-
based gastrointestinal symptom indicators, indicating that
Lactobacillus inhibits harmful bacteria, reduces inflammation, and
improves gastrointestinal health. Regarding the intestinal
environment of ulcerative colitis, Blautia may regulate the balance
of the intestinal microbiota, inhibit the excessive proliferation of
Escherichia-Shigella and other microorganisms in the intestine,
reduce intestinal inflammatory responses, maintain the integrity of
the intestinal barrier and alleviate symptoms (53). This indicates
that the increase in Blautia abundance after high-potency multi-
strain probiotic intervention also has this improvement effect for
people with gastrointestinal disorders in this study. Then, another
beneficial differential strain, Collinsella, which can regulate
microbial balance and improve the clinical outcome of tuberculosis
symptoms (54), showed an increase in Collinsella abundance after
high-potency multi-strain probiotic intervention, indicating that
Collinsella can regulate the microbiota balance and reduce
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inflammatory responses. At the same time, the proportions of some
potentially harmful bacterial genera decreased, such as Prevotella
(55), Escherichia-Shigella (56), and Klebsiella (57). These harmful
bacteria can cause diarrhea and intestinal infections, and the
decrease in abundance directly reduces the risk of intestinal
infections, improves diarrhea and abdominal pain symptoms, and
improves gastrointestinal dysfunction.

At the species level, the added bacterial strains Bifidobacterium_
longum, Bifidobacterium_animalis, Lactobacillus_plantarum, and
Lactobacillus_rhamnosus were analyzed. Previous studies have
shown that using a high-dose oral treatment of live Bifidobacterium_
longum can promote systemic immune regulation, increase
immunoglobulin levels, improve intestinal permeability disorders,
and thereby alleviate clinical symptoms (58). Some research also
indicates that Lactobacillus_plantarum has a strong ability to
colonize the intestine and significant immune regulatory effects
(59). It was found that both the two groups of combined bacterial
strains were rich in a high proportion of Bifidobacterium_longum
and Bifidobacterium_animalis. 'The relative abundance of
Lactiplantibacillus _plantarum and Lacticaseibacillus _rhamnosus
in the Wec600B group was higher than that in the Wec1000B group.
This conclusion indicates that the high-potency multi-strain
probiotics contain a large number of live bacterial strains, which
can enhance their colonization ability in the human intestinal tract
(60), regulate the ecological balance of the gastrointestinal flora
(61), and exhibit the characteristics of high-potency multi-
strain probiotics.

Then, based on the functional prediction analysis of various
microbial communities using PICRUS, it was found that in the
KEGG L3 level pathways, there are pathways associated with the
intestinal microecology. The six metabolic pathways in the Wec600B
group were significantly enriched, related to Biosynthesis of amino
acids, Ribosome, ABC transporters, etc. By improving the intestinal
barrier, regulating the immune system, and reducing inflammation,
it has a repairing effect on intestinal health. In the KEGG L3 level
analysis of the Wecl000B group, Retrograde endocannabinoid
signaling reshaped the intestinal microbiota and activated the CB2
receptor pathway to alleviate inflammation and repair the intestinal
barrier (62). The LAM biosynthesis pathway (63) was found to
inhibit the body’s immunity, induce the production of inflammatory
cytokines, and trigger inflammatory responses. However, in this
study, it was found that after probiotic intervention, the enrichment
decreased, which could improve immunity and reduce
inflammatory responses, and had the same anti-inflammatory and
immune regulation effects as the Flavone and favonol biosynthesis
(64) intervention. In addition, the Proteasome pathway can activate
the inflammatory pathway, inhibit autophagy, and exacerbate
chronic low-grade inflammation, affecting the body’s metabolic
homeostasis (65). In the correlation analysis, it was found that the
microbiota was related to the questionnaires and clinical indicators.
The different strains played an important role in improving
intestinal health. Especially Bifidobacterium (Bifidobacterium_
longum, Bifidobacterium_animalis) and Lactobacillus
(Lactobacillus_plantarum, Lactobacillus_rhamnosus) showed a
significant increase in abundance after intervention. These were the
bacterial strains added with high-potency multi-strain probiotics,
which were enriched in the intestinal tract, increasing the activity

of the microbiota and forming a positive interaction with beneficial
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bacteria, inhibiting harmful bacteria, to reduce gastrointestinal
symptoms, improve immunity, reduce inflammation, and improve
the clinical outcomes of patients with gastrointestinal symptoms.

Through the comprehensive analysis of the previous two sets of
data, it was found that the high-potency multi-strain probiotics in
the Wecl000B group showed a more significant overall
improvement effect. This indicates that the more active probiotic
strains can more effectively enhance immunity, reduce inflammatory
responses, repair intestinal damage, and have a more prominent
effect on improving gastrointestinal dysfunction. In conclusion,
high-potency multi-strain probiotic formulations can regulate
human intestinal homeostasis through multiple pathways, promote
intestinal health, and thereby improve gastrointestinal function.
This study confirms the potential of high-potency multi-strain
probiotic formulations in ameliorating abnormal gastrointestinal
function, making a certain contribution to the research field in this
area and providing a new perspective or approach for clinical
application. However, this study has certain limitations. For
instance, although many other indicators reflecting gastrointestinal
function require blood sample testing, only fecal samples were
selected for analysis in this study. Additionally, the current study
only analyzed the intestinal flora. Future research could focus on
integrating metabolomics technology to further explore the
probiotic-host interaction mechanisms, systematically analyze the
dynamic changes of short-chain fatty acids, bile acids, and microbial
metabolites, and clarify the molecular pathways through which
probiotics affect nutrient absorption, immune regulation, and
energy metabolism via the “microbiota-gut-metabolism axis.”
Furthermore, by combining metagenomics/transcriptomics to
construct a multi-omics network, the synergistic mechanisms of
bacterial strains and their remodeling effects on intestinal barrier
function could be deciphered.

5 Conclusion

This study conducted an in-depth investigation into the
improvement effects and safety evaluation of the high- potency
Wec600B and Wec1000B probiotic formulations on 100 individuals with
gastrointestinal dysfunction. The results showed that both probiotics
could significantly reduce the levels of immune-related factors (FL),
inflammatory factors (NGAL, FC), and intestinal damage markers (LPS,
D-AL, DAO) in the feces, and increase the content of immune factor
IgA. The mechanism by which the Wec600B and Wec1000B high-
potency multi-strain probiotic formulations intervention improves
gastrointestinal dysfunction may be due to the influence of key strains
(Bifidobacterium, Lactobacillus, Blautia, Collinsella, and Prevotella). The
safety evaluation indicates that the probiotic preparation shows good
tolerance in improving gastrointestinal discomfort symptoms, without
any serious adverse reactions, and can effectively relieve abdominal
pain, abdominal distension, etc., and improve constipation and diarrhea
conditions. These results can serve as scientific evidence to prove that
the Wec600B and Wecl000B high-potency multi-strain probiotic
formulations intervention can alleviate gastrointestinal discomfort
symptoms. Future research may focus on exploring other aspects of the
Wec1000B high-potency multi-strain probiotic formulations, and also
conduct further studies on the long-term intervention of probiotics,
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evaluate the safety assessment and improvement effects of the high-
potency multi-strain probiotics.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found at: https://www.ncbi.nlm.nih.gov/, bioproject/
PRJNA1312311.

Ethics statement

The studies involving humans were approved by the Medical
Ethics (Review) Committee of Henan University of Science and
Technology, Affiliation of the ethics committee/institutional
review board: Henan University of Science and Technology. The
studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their
written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data included
in this article.

Author contributions

XZ: Formal analysis, Investigation, Methodology, Writing -
original draft. YW: Conceptualization, Methodology, Software,
Writing - review & editing. YJ: Resources, Validation, Writing -
original draft. JF: Software, Writing — review & editing. YD: Data
curation, Writing - review & editing. SF: Conceptualization,
Supervision, Writing - review & editing. JZ: Funding acquisition,
Writing - review & editing. SG: Conceptualization, Funding
acquisition, Supervision, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by the Major Science and Technology Special Projects in Henan
Province (No. 231100310200) and Key R&D Projects in Henan
Province (No. 241111314200).
Acknowledgments

The authors would like to sincerely thank the Wecare Probiotics

Co., Ltd., Jiangsu, China, for probiotic supplements and the research
participants who participated in it.

Conflict of interest

YD, SE and JZ were employed by the Wecare Probiotics Co., Ltd.

frontiersin.org


https://doi.org/10.3389/fnut.2025.1696243
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.ncbi.nlm.nih.gov/

Zhang et al.

The remaining authors declare that the research was conducted in
the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,

References

1. van Gassel RJJ, Bels JLM, van de Poll MCG. Nutritional strategies during
gastrointestinal dysfunction. Curr Opin Crit Care. (2023) 29:354-9. doi:
10.1097/mcc.0000000000001052

2. Sperber AD, Bangdiwala SI, Drossman DA, Ghoshal UC, Simren M, Tack J, et al.
Worldwide prevalence and burden of functional gastrointestinal disorders, results of
Rome foundation global study. Gastroenterology. (2021) 160:99-114.e3. doi:
10.1053/j.gastro.2020.04.014

3. Sanders ME, Merenstein DJ, Reid G, Gibson GR, Rastall RA. Probiotics and
prebiotics in intestinal health and disease: from biology to the clinic. Nat Rev
Gastroenterol Hepatol. (2019) 16:605-16. doi: 10.1038/s41575-019-0173-3

4. Markowiak P, Slizewska K. Effects of probiotics, prebiotics, and Synbiotics on
human health. Nutrients. (2017) 9. doi: 10.3390/nu9091021

5. Joung JY, Choi K, Lee JH, Oh NS. Protective potential of Limosilactobacillus
fermentum strains and their mixture on inflammatory bowel disease via regulating gut
microbiota in mice. ] Microbiol Biotechnol. (2024) 35:e2410009. doi:
10.4014/jmb.2410.10009

6. Capozza M, Laforgia N, Rizzo V, Salvatore S, Guandalini S, Baldassarre M.
Probiotics and functional gastrointestinal disorders in Pediatric age: a narrative review.
Front Pediatr. (2022) 10:805466. doi: 10.3389/fped.2022.805466

7. Kwoji ID, Aiyegoro OA, Okpeku M, Adeleke MA. Multi-strain probiotics: synergy
among isolates enhances biological activities. Biology. (2021) 10. doi:
10.3390/biology10040322

8. McFarland LV. Efficacy of single-strain probiotics versus multi-strain mixtures:
systematic review of strain and disease specificity. Dig Dis Sci. (2021) 66:694-704. doi:
10.1007/s10620-020-06244-z

9. Zhao P, Li M, Mo X, Yang J, Liu L, Huang Y, et al. Development and properties
evaluation of multi-strain probiotic with cholesterol-lowering potential in vitro. Lett
Appl Microbiol. (2023) 76. doi: 10.1093/lambio/ovad038

10. Fredua-Agyeman M, Stapleton P, Basit AW, Gaisford S. Microcalorimetric
evaluation of a multi-strain probiotic: interspecies inhibition between probiotic strains.
J Funct Foods. (2017) 36:357-61. doi: 10.1016/j.jff.2017.07.018

11. Alshaikh B, Samara J, Moossavi S, Ferdous T, Soraisham A, Dersch-Mills D, et al.
Multi-strain probiotics for extremely preterm infants: a randomized controlled trial.
Pediatr Res. (2022) 92:1663-70. doi: 10.1038/s41390-022-02004-z

12. Sowden M, van Weissenbruch MM, Bulabula ANH, van Wyk L, Twisk J, van
Niekerk E. Effect of a multi-strain probiotic on the incidence and severity of necrotizing
enterocolitis and feeding intolerances in preterm neonates. Nutrients. (2022) 14. doi:
10.3390/nu14163305

13. Venkataraman R, Madempudi RS, Neelamraju J, Ahire JJ, Vinay HR, Lal A, et al.
Effect of multi-strain probiotic formulation on students facing examination stress: a
double-blind, placebo-controlled study. Probiotics Antimicrob Proteins. (2021) 13:12-8.
doi: 10.1007/s12602-020-09681-4

14. Skrzydlo-Radomanska B, Prozorow-Krél B, Cichoz-Lach H, Majsiak E, Bierla JB,
Kanarek E, et al. The effectiveness and safety of multi-strain probiotic preparation in
patients with Diarrhea-predominant irritable bowel syndrome: a randomized controlled
study. Nutrients. (2021) 13. doi: 10.3390/nu13030756

15.Hu S, Li L, Zhou C, Zhang Y, Yu X. Multi-strain probiotics alleviate food allergy-
induced neurobehavioral abnormalities by regulating gut microbiota and metabolites.
Nutrients. (2025) 17:1955. doi: 10.3390/nul17121955

16.QuZ, Wu Y, Jiang Y, Fan ], Cao L, Dong Y, et al. Effects of two compound probiotic
formulations on gastrointestinal symptoms and gut microbiota: a 4-week randomized,
double-blind intervention trial. Nutrients. (2025) 17:2886. doi: 10.3390/nul17172886

17.Li HY, Zhou DD, Gan RY, Huang SY, Zhao CN, Shang A, et al. Effects and
mechanisms of probiotics, prebiotics, Synbiotics, and postbiotics on metabolic diseases

Frontiers in Nutrition

10.3389/fnut.2025.1696243

including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by
the publisher.

targeting gut microbiota: a narrative review. Nutrients. (2021) 13. doi:

10.3390/nu13093211

18. Roy S, Dhaneshwar S. Role of prebiotics, probiotics, and Synbiotics in Management
of Inflammatory Bowel Disease: current perspectives. World ] Gastroenterol. (2023)
29:2078-100. doi: 10.3748/wjg.v29.i114.2078

19. Z6tkiewicz J, Marzec A, Ruszczynski M, Feleszko W. Postbiotics-a step beyond
pre- and probiotics. Nutrients. (2020) 12. doi: 10.3390/nu12082189

20. Sniffen JC, McFarland LV, Evans CT, Goldstein EJC. Choosing an appropriate
probiotic product for your patient: an evidence-based practical guide. PLoS One. (2018)
13:€0209205. doi: 10.1371/journal.pone.0209205

21.Chen N, Bai D, Ning J. A determination of patient preferences for China online
outpatient follow-up clinics by using discrete choice experiment: an exploratory study.
Front Public Health. (2025) 13. doi: 10.3389/fpubh.2025.1508369

22.Su Z, Li'Y, Xie Y, Huang Z, Cheng A, Zhou X, et al. Acute and Long Covid-19
symptoms and associated factors in the omicron-dominant period: a Nationwide survey
via the online platform Wenjuanxing in China. BMC Public Health. (2024) 24:2086. doi:
10.1186/s12889-024-19510-w

23. Shin SM, Youn SJ, Choi Y, Kim BM, Lee NY, Oh HJ, et al. Fermented gold kiwi for
improved gastric health: evaluation of efficacy and safety in a randomised, double-blind,
placebo-controlled trial. Nutrients. (2024) 16:2670. doi: 10.3390/nu16162670

24. Dennis-Wall JC, Culpepper T, Nieves C Jr, Rowe CC, Burns AM, Rusch CT, et al.
Probiotics (Lactobacillus gasseri Ks-13, Bifidobacterium bifidum G9-1, and
Bifidobacterium longum mm-2) improve rhinoconjunctivitis-specific quality of life in
individuals with seasonal allergies: a double-blind, placebo-controlled, randomized trial.
Am J Clin Nutr. (2017) 105:758-67. doi: 10.3945/ajcn.116.140012

25.Lu X, Tian R, Chang L, Huang C. Analysis of gastrointestinal symptoms in
hemodialysis patients based on the gastric symptoms grading scale score. China Modern
Doctor. (2023) 61:11-3. doi: 10.3969/j.issn.1673-9701.2023.22.003

26. Shu M, Tan P, Ge Y, Tian X, Xu H. Immunotoxicity of ionic liquid [C(14)Mim]
bf(4) in rats. Environ Toxicol. (2024) 39:3846-55. doi: 10.1002/tox.24245

27.Guli M, Winarsih S, Barlianto W, Illiandri O, Sumarno S. Mechanism of
Lactobacillus reuteri probiotic in increasing intestinal mucosal immune system. Open
Access Maced ] Med Sci. (2021) 9:784-93. doi: 10.3889/0amjms.2021.7447

28. Sorrentino D, Gray JM. Timely monitoring of inflammation by Fecal lactoferrin
rapidly predicts therapeutic response in inflammatory bowel disease. Inflamm Bowel
Dis. (2021) 27:1237-47. doi: 10.1093/ibd/izaa348

29. Ricciuto A, Griffiths AM. Clinical value of fecal calprotectin. Crit Rev Clin Lab Sci.
(2019) 56:307-20. doi: 10.1080/10408363.2019.1619159

30. Geng Z, Wenyan N. Analysis of the application value of neutrophil gelatinase-
associated lipocalin in metabolic-related renal injury. Int ] Endocrinol Metab. (2022)
42:272-5. doi: 10.3760/cma.j.cn121383-20210928-09084

31. Bakke I, Walaas GA, Bruland T, Royset ES, van Beelen Granlund A, Escudero-
Hernandez C, et al. Mucosal and faecal neutrophil gelatinase-associated lipocalin as
potential biomarkers for collagenous colitis. ] Gastroenterol. (2021) 56:914-27. doi:
10.1007/s00535-021-01814-y

32. Dmytriv TR, Storey KB, Lushchak VI. Intestinal barrier permeability: The
influence of gut microbiota, nutrition, and exercise. Front Physiol. (2024) 15:1380713.
doi: 10.3389/fphys.2024.1380713

33.Inci F, Resendez A, Karaaslan MG, Pandrala M, Kojouri AM, Ahmed R, et al. A
smart probe for detection of sugar markers for applications in gastrointestinal barrier
dysfunction. Biosens Bioelectron. (2025) 272:117040. doi: 10.1016/j.bios.2024.117040

34. Varkila MR], Verboom DM, Derde LPG, van der Poll T, Bonten MJM, Cremer OL.
Gut barrier dysfunction and the risk of ICU-acquired bacteremia- a case-control study.
Ann Intensive Care. (2024) 14:42. doi: 10.1186/s13613-024-01280-8

frontiersin.org


https://doi.org/10.3389/fnut.2025.1696243
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1097/mcc.0000000000001052
https://doi.org/10.1053/j.gastro.2020.04.014
https://doi.org/10.1038/s41575-019-0173-3
https://doi.org/10.3390/nu9091021
https://doi.org/10.4014/jmb.2410.10009
https://doi.org/10.3389/fped.2022.805466
https://doi.org/10.3390/biology10040322
https://doi.org/10.1007/s10620-020-06244-z
https://doi.org/10.1093/lambio/ovad038
https://doi.org/10.1016/j.jff.2017.07.018
https://doi.org/10.1038/s41390-022-02004-z
https://doi.org/10.3390/nu14163305
https://doi.org/10.1007/s12602-020-09681-4
https://doi.org/10.3390/nu13030756
https://doi.org/10.3390/nu17121955
https://doi.org/10.3390/nu17172886
https://doi.org/10.3390/nu13093211
https://doi.org/10.3748/wjg.v29.i14.2078
https://doi.org/10.3390/nu12082189
https://doi.org/10.1371/journal.pone.0209205
https://doi.org/10.3389/fpubh.2025.1508369
https://doi.org/10.1186/s12889-024-19510-w
https://doi.org/10.3390/nu16162670
https://doi.org/10.3945/ajcn.116.140012
https://doi.org/10.3969/j.issn.1673-9701.2023.22.003
https://doi.org/10.1002/tox.24245
https://doi.org/10.3889/oamjms.2021.7447
https://doi.org/10.1093/ibd/izaa348
https://doi.org/10.1080/10408363.2019.1619159
https://doi.org/10.3760/cma.j.cn121383-20210928-09084
https://doi.org/10.1007/s00535-021-01814-y
https://doi.org/10.3389/fphys.2024.1380713
https://doi.org/10.1016/j.bios.2024.117040
https://doi.org/10.1186/s13613-024-01280-8

Zhang et al.

35. Hollander D, Kaunitz JD. The "leaky gut": tight junctions but loose associations?
Dig Dis Sci. (2020) 65:1277-87. doi: 10.1007/s10620-019-05777-2

36. Remund B, Yilmaz B, Sokollik C. D-lactate: implications for gastrointestinal
diseases. Children. (2023) 10. doi: 10.3390/children10060945

37. Mayeur C, Gratadoux JJ, Bridonneau C, Chegdani E, Larroque B, Kapel N, et al.
Faecal D/L lactate ratio is a metabolic signature of microbiota imbalance in patients with
short bowel syndrome. PLoS One. (2013) 8:¢54335. doi: 10.1371/journal.pone.0054335

38. Hove H, Nordgaard-Andersen I, Mortensen PB. Faecal dl-lactate concentration in
100 gastrointestinal patients. Scand ] Gastroenterol. (1994) 29:255-9. doi:
10.3109/00365529409090473

39. Yan Meng, Xiaoying Zhai, Nan Zhang, Xijuan Jiang, Guying Zhang. Effect of
Clostridium butyricum live bacterial powder on immune function and chemotherapy-
associated diarrhea in children with acute lymphoblastic leukemia treated with high-
dose methotrexate. Chinese ] Hospital Pharmacy Evaluation Analysis. (2021) 21:1028-31.
doi: 10.14009/j.issn.1672-2124.2021.09.002

40.Shen X, Jin H, Zhao F, Kwok LY, Zhao Z, Sun Z. Short-term probiotic
supplementation affects the diversity, genetics, growth, and interactions of the native gut
microbiome. iMeta. (2024) 3:€253. doi: 10.1002/imt2.253

41. Shen C, Wang X, Xiao YY, Zhang JY, Xia GL, Jiang RL. Comparing gastrointestinal
dysfunction score and acute gastrointestinal injury grade for predicting short-term
mortality in critically ill patients. World ] Gastroenterol. (2024) 30:4523-31. doi:
10.3748/wjg.v30.i42.4523

42.Jiang L, Fan JG. Gut microbiota in gastrointestinal diseases: insights and
therapeutic ~ strategies. World ] Gastroenterol. (2024) 30:4329-32. doi:
10.3748/wjg.v30.i39.4329

43. Skoufou M, Tsigalou C, Vradelis S, Bezirtzoglou E. The networked interaction
between probiotics and intestine in health and disease: a promising success story.
Microorganisms. (2024) 12. doi: 10.3390/microorganisms12010194

44.Ren Z, Hong Y, Huo Y, Peng L, Lv H, Chen J, et al. Prospects of probiotic adjuvant
drugs in clinical treatment. Nutrients. (2022) 14. doi: 10.3390/nu14224723

45. Shen ZH, Zhu CX, Quan YS, Yang ZY, Wu S, Luo WW, et al. Relationship between
intestinal microbiota and ulcerative colitis: mechanisms and clinical application of
probiotics and Fecal microbiota transplantation. World ] Gastroenterol. (2018) 24:5-14.
doi: 10.3748/wjg.v24.i1.5

46. Viljanen M, Kuitunen M, Haahtela T, Juntunen-Backman K, Korpela R, Savilahti
E. Probiotic effects on faecal inflammatory markers and on faecal Iga in food allergic
atopic eczema/dermatitis syndrome infants. Pediatr Allergy Immunol. (2005) 16:65-71.
doi: 10.1111/§.1399-3038.2005.00224.x

47.Hiraku A, Nakata S, Murata M, Xu C, Mutoh N, Arai S, et al. Early probiotic
supplementation of healthy term infants with Bifidobacterium Longum Subsp. Infantis
M-63 is safe and leads to the development of Bifidobacterium-predominant gut
microbiota: a double-blind, placebo-controlled trial. Nutrients. (2023) 15. doi:
10.3390/nu15061402

48. Zheng Y, Zhang Z, Tang P, Wu Y, Zhang A, Li D, et al. Probiotics fortify intestinal
barrier function: a systematic review and Meta-analysis of randomized trials. Front
Immunol. (2023) 14:1143548. doi: 10.3389/fimmu.2023.1143548

49. Kim MJ, Kim JY, Kang M, Won MH, Hong SH, Her Y. Reduced Fecal calprotectin
and inflammation in a murine model of atopic dermatitis following probiotic treatment.
Int ] Mol Sci. (2020) 21. doi: 10.3390/ijms21113968

50.Yoshida N, Yamashita T, Kishino S, Watanabe H, Sasaki K, Sasaki D, et al.
A possible beneficial effect of Bacteroides on faecal lipopolysaccharide activity

Frontiers in Nutrition

18

10.3389/fnut.2025.1696243

and  cardiovascular  diseases.  Sci (2020)  10:13009. doi:

10.1038/541598-020-69983-z

51. Chen K, Zhou Z, Nie Y, Cao Y, Yang P, Zhang Y, et al. Adjunctive efficacy of
Bifidobacterium animalis subsp. lactis XItgl1 for functional constipation in children.
Braz ] Microbiol. (2024) 55:1317-30. doi: 10.1007/s42770-024-01276-3

52. Ganguli K, Collado MC, Rautava J, Lu L, Satokari R, von Ossowski I, et al.
Lactobacillus Rhamnosus gg and its Spac pilus adhesin modulate inflammatory
responsiveness and Tlr-related gene expression in the Fetal human gut. Pediatr Res.
(2015) 77:528-35. doi: 10.1038/pr.2015.5

53.Xie Q,LiH, MaR, Ren M, Li Y, LiJ, et al. Effect of Coptis Chinensis Franch and
Magnolia officinalis on Intestinal Flora and Intestinal barrier in a Tnbs-induced
ulcerative  colitis rats model. Phytomedicine. (2022) 97:153927.  doi:
10.1016/j.phymed.2022.153927

Rep.

54. Ali S, Cervantes J. Restoring gut microbial balance: the role of Collinsella in tuberculosis
management. ] Investig Med. (2025) 73:523-4. doi: 10.1177/10815589251352523

55.Su T, Liu R, Lee A, Long Y, Du L, Lai S, et al. Altered intestinal microbiota with
increased abundance of Prevotella is associated with high risk of Diarrhea-predominant
irritable bowel syndrome. Gastroenterol Res Pract. (2018) 2018:6961783. doi:
10.1155/2018/6961783

56. Baker S, The HC. Recent insights into Shigella: a major contributor to the global
diarrhoeal disease burden. Curr Opin Infect Dis. (2018) 31:449-54. doi:
10.1097/qc0.0000000000000475

57. Greimel TM, Stampfer L, Leitner E, Kienesberger S, Zechner EL, Bozic M, et al.
Toxin-producing Klebsiella oxytoca in healthy infants: commensal or pathobiont? J
Pediatr Gastroenterol Nutr. (2022) 74:e1-7. doi: 10.1097/mpg.0000000000003299

58. Santos SS, Miranda VC, Trindade LM, Cardoso VN, Reis DC, Cassali GD, et al.
Bifidobacterium longum subsp. longum 51a attenuates signs of inflammation in a murine
model of food allergy. Probiotics Antimicrob Proteins. (2023) 15:63-73. doi:
10.1007/s12602-021-09846-9

59.Zhang N, Li C, Niu Z, Kang H, Wang M, Zhang B, et al. Colonization and
immunoregulation of Lactobacillus plantarum Bf_15, a novel probiotic strain from the
feces of breast-fed infants. Food Funct. (2020) 11:3156-66. doi: 10.1039/C9FO02745A

60. Wen Zhao, Jian Zhang, Yonggqiang Cao, Zhennai Yang. Research progress on
processing technology of high-activity probiotic ice cream. China Dairy Ind. (2017)
45:33-38, 42. doi: 10.3969/j.issn.1001-2230.2017.03.006

61. Hong Yu, Zhen Peng, Tao Huang, Junyi Li, Tao Xiong. Optimization of vacuum
freeze-drying process for high-activity probiotic fermented goji berry powder. Food Sci.
(2019) 40:255-60. doi: 10.7506/spkx1002-6630-20181022-243

62. Yang H, Lei C, Li D, Ma L, Zhang N, Lang Y, et al. An integrated Fecal microbiome
and metabolomics in type 2 diabetes mellitus rats reveal mechanism of action of
Moringa Oleifera Lamarck seeds polysaccharides to alleviate diabetes. Int J Biol
Macromol. (2025) 310:143437. doi: 10.1016/j.ijbiomac.2025.143437

63. Besra GS, Morehouse CB, Rittner CM, Waechter CJ, Brennan PJ. Biosynthesis of
mycobacterial lipoarabinomannan. ] Biol Chem. (1997) 272:18460-6. doi:
10.1074/jbc.272.29.18460

64. Rengasamy KRR, Khan H, Gowrishankar S, Lagoa RJL, Mahomoodally FM, Khan
Z, et al. The role of flavonoids in autoimmune diseases: therapeutic updates. Pharmacol
Ther. (2019) 194:107-31. doi: 10.1016/j.pharmthera.2018.09.009

65. Mebratu YA, Jones JT, Liu C, Negasi ZH, Rahman M, Rojas-Quintero J, et al. Bik
promotes proteasomal degradation to control low-grade inflammation. J Clin Invest.
(2023) 134. doi: 10.1172/jci170594

frontiersin.org


https://doi.org/10.3389/fnut.2025.1696243
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1007/s10620-019-05777-2
https://doi.org/10.3390/children10060945
https://doi.org/10.1371/journal.pone.0054335
https://doi.org/10.3109/00365529409090473
https://doi.org/10.14009/j.issn.1672-2124.2021.09.002
https://doi.org/10.1002/imt2.253
https://doi.org/10.3748/wjg.v30.i42.4523
https://doi.org/10.3748/wjg.v30.i39.4329
https://doi.org/10.3390/microorganisms12010194
https://doi.org/10.3390/nu14224723
https://doi.org/10.3748/wjg.v24.i1.5
https://doi.org/10.1111/j.1399-3038.2005.00224.x
https://doi.org/10.3390/nu15061402
https://doi.org/10.3389/fimmu.2023.1143548
https://doi.org/10.3390/ijms21113968
https://doi.org/10.1038/s41598-020-69983-z
https://doi.org/10.1007/s42770-024-01276-3
https://doi.org/10.1038/pr.2015.5
https://doi.org/10.1016/j.phymed.2022.153927
https://doi.org/10.1177/10815589251352523
https://doi.org/10.1155/2018/6961783
https://doi.org/10.1097/qco.0000000000000475
https://doi.org/10.1097/mpg.0000000000003299
https://doi.org/10.1007/s12602-021-09846-9
https://doi.org/10.1039/C9FO02745A
https://doi.org/10.3969/j.issn.1001-2230.2017.03.006
https://doi.org/10.7506/spkx1002-6630-20181022-243
https://doi.org/10.1016/j.ijbiomac.2025.143437
https://doi.org/10.1074/jbc.272.29.18460
https://doi.org/10.1016/j.pharmthera.2018.09.009
https://doi.org/10.1172/jci170594

	High-potency multi-strain probiotic formulations for safety and improvement of gastrointestinal function and intestinal health: a randomized controlled clinical trial
	1 Introduction
	2 Materials and methods
	2.1 Experimental materials
	2.2 Study design
	2.3 Inclusion and exclusion criteria
	2.4 Sample size and randomization
	2.5 Primary and secondary observation indicators
	2.6 Detection methods
	2.7 Statistical methods

	3 Results
	3.1 Baseline characteristics
	3.2 Safety evaluation
	3.2.1 Effects of Wec600B and Wec1000B interventions on gastrointestinal function symptoms
	3.2.2 Adverse reactions
	3.3 Effects of Wec600B and Wec1000B interventions on immune, inflammatory, and gut barrier markers
	3.4 Regulation of gut microbiota
	3.4.1 Changes in bacterial diversity and richness
	3.4.2 Alteration of microbial community structure
	3.5 Correlation analysis

	4 Discussion
	5 Conclusion

	References

