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Abstract: Objective: To evaluate the effect of the probiotic, Lactobacillus rhamnosus Probio-M9 (Probio-
M9), on the quality of life in stressed adults. Methods: Twelve postgraduate student volunteers were
recruited. Six volunteers received oral Probio-M9 for 21 days, while the remaining six received a
placebo instead. Fecal samples were collected from the volunteers before and after the intervention.
Metagenomic sequencing, nontargeted metabonomics, and quality-of-life follow-up questionnaires
were used to evaluate the impact of Probio-M9 consumption on the gut microbiota and life quality
of the volunteers. Results: Probio-M9 improved the psychological and physiological quality-of-
life symptoms significantly in stressed adults (p < 0.05). The probiotic intervention was beneficial
in increasing and maintaining the diversity of gut microbiota. The abundance of Barnesiella and
Akkermansia increased in the probiotics group. The feature metabolites of pyridoxamine, dopamine,
and 5-hydroxytryptamine (5-HT) were positively correlated with Barnesiella and Akkermansia levels,
which might be why the mental state of the volunteers in the probiotic group improved after taking
Probio-M9. Conclusions: We identified that oral Probio-M9 can regulate the stability of gut microbiota
and affect the related beneficial metabolites, thereby affecting the quality of life (QoL) of stressed
adults. Probio-M9 might improve the psychological and physiological quality of life in stressed adults
via the gut-brain axis pathway. The causal relationship should be further explored in future studies.

Keywords: Lactobacillus rhamnosus; Probio-M9; stressed adults; gut microbiota; metabolites; gut-brain
axis; the quality of life

1. Introduction

A mental health survey by the Graduate Students’ Union (GSU) indicates that post-
graduate students normally experience severe stress, moderate anxiety, and mild levels
of depression [1]. They usually face a social environment that requires the excellent capa-
bilities of stress management and coping [2]. The primary causes of postgraduate stress
include academic and society-related pressures [3]. Even though stress symptoms are uni-
versal to graduate students, particularly medical graduate students, during the university
period, only a few studies have investigated the pressures on graduate students and have
attempted to find ways to mitigate the condition. Thus, it would be of interest to explore
methods of effective stress management and coping strategies in order to improve the
quality of life of postgraduate students and, in turn, increase their work efficiency and
performance.

The relationship between gut microbial metabolism and mental health is one of the
most intriguing and controversial microbiome research topics [4]. Since birth, intestinal
bacteria have exerted a decisive influence on the development and functions of the human
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gastrointestinal tract, as well as on the immune, neurological, endocrine, and metabolic
systems [5]. The intestinal microbial variation has a close relationship with human health
and disease, and this association is likely related to bacterial metabolites [6,7]. Many
studies have shown a correlation between the changes in microbial communities and
pathophysiology, while the relevant clinical research is increasing. The contribution of gut
microbes to psychological processes has become the focus of many studies, and researchers
are especially interested in the relationship between gut microbes and host behavior.

The influence of intestinal microorganisms is not limited to the intestinal tract but can
also affect the metabolism of the entire body, and even human behavior, via inflammatory
and immune responses. Microorganisms play an important role in emotional experiences,
particularly in anxiety and depression. In fact, it is the causal effects of bacteria on stress
and anxiety that first reminded researchers of the possible effects of bacteria on mental
processes [8]. Human emotions, moods, and even expressions, no longer rely solely on
the brain, but also depend on the feedback provided by the gut. A growing number of
studies have confirmed that intestinal microbes act on the central nervous system (CNS)
through the gut-brain axis bidirectional communication system, affecting the metabolism
and behavior of the intestinal barrier system. When engaged in interactions to facilitate
secretion and absorption, the flora in the body produce many metabolic neurotransmitters
and analogs, such as dopamine, acetylcholine, and short-chain fatty acids (SCFAs) [9–11].
In turn, these metabolites affect the intestinal barrier and sensory system through the
secretion and absorption of the intestine, simultaneously affecting brain function via blood
circulation, as well as the intestinal sensory and afferent nerves [5,12]. Changes in human
diets and living conditions can cause the type and content of the intestinal microbial
metabolites to impact the immune barrier and sensory systems, ultimately affecting quality
of life [13].

Lactobacillus rhamnosus Probio-M9 (Probio-M9) was isolated from the human colostrum
in 2007 by Inner Mongolia Agricultural University. Probio-M9 was a potential probiotic
strain. In the gastrointestinal fluid tolerance test, Probio-M9 showed good tolerance [14].
Our team’s preliminary experiments have found that the probiotic compound formulation
containing Probio-M9 can maintain the steady state of the gut microbiome in the special
environment of sailors in long-distance voyages [15]. The effect of a single-component
Probio-M9 formulation on the host gut microbiota has not been assessed yet. The current
study looked at the effects of Probio-M9 on the gut microbiota and its metabolism from the
perspective of metagenomics and metabolomics. It will be used as the preliminary work of
a Probio-M9-related experiment. Although most of the available literature associates gut
microbiota composition with human health, development, and disease, causal evidence
remains sparse [16]. This study aims to improve the gut microbiota via the intake of
probiotics, observing the consequent impact on the quality of life of the host. Therefore,
adults under learning pressure were selected as the research subjects, and a randomized
double-blind placebo-controlled trial was conducted. The study conducted follow-up
investigations from both physical and psychological perspectives, combined with metage-
nomics technology, to examine the impact of gut microbiota on the quality of life of adults.
The research results may be used as a theoretical basis for probiotics in maintaining the
intestinal microecological balance, enhancing immune function, and improving human
quality of life.

2. Materials and Methods
2.1. Participants

This study recruited twelve healthy graduate students, including six females and six
males. All volunteers were master or doctoral students enrolled in a postgraduate program
during the trial period. All participants were required to complete an inclusion/exclusion
questionnaire, and their demographic information is shown in Table 1. The questionnaire
statistics were completed one week before the start of the study, and the list of persons
to be included was determined. Inclusion criteria: healthy adult postgraduate students
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over 20 years old; body mass index (BMI) within the normal range, i.e., 18.5–24.9); and
the expression of a willingness to commit to the entire trial period. Exclusion criteria:
suffering from chronic respiratory allergies (defined as needing to take allergy drugs daily),
severe gastrointestinal diseases, immunosuppressive disease, or having received related
treatments within one year prior to the current trial; pregnant or lactating; caught a cold
on the first day of the study; received antibiotic treatment within two months before the
current study; received vaccination against influenza within one year prior to the current
trial; had a history of allergies to any ingredient used in the probiotic/placebo preparation,
including milk allergy; had a history of long-term oral corticosteroids administration; took
probiotic products regularly (more than three times a week) within three weeks before the
current study.

Table 1. Subjects’ information.

Group Subject Sex Age Weight
(kg)

Height
(cm)

Body Mass Index
(kg/m2)

Probiotic

A1 male 25 48 152 20.8
A2 male 26 55 155 22.9
A3 male 24 49 155 20.4
A4 female 24 51 166 18.5
A5 female 26 61 176 19.7
A6 female 24 81 179 25.3

Placebo

Y1 male 23 87 162 33.2
Y2 male 26 55 158 22.0
Y3 male 24 50 162 19.1
Y4 female 40 65 1.7 22.5
Y5 female 25 71 185 20.7
Y6 female 25 71 177 22.7

2.2. Experimental Design

This study was a 21-day randomized double-blind placebo-controlled intervention
trial. Stratified randomization by gender was used for dividing the volunteers into either
the probiotic group (Y group, n = 6), or the placebo group (A group, n = 6). The random
assignment of volunteers was based on computerized random number generation by a
statistician who did not have direct contact with the volunteers. During the entire trial,
no research team member was aware of the number arrangement or the subjects’ group
assignment.

During the intervention period, the probiotic group received a daily probiotic prepara-
tion consisting of Lactobacillus rhamnosus Probio-M9 (Probio-M9: viable bacteria of 2.5×1010

CFU/g of probiotic powder, 2 g per sachet). The control group received 2 g of placebo ma-
terial that was of the same packaging, composition, appearance, and taste as the probiotic
powder, but without containing the probiotic strain. Both materials were manufactured by
Jinhua Yinhe Biological Technology Co. Ltd., Jinhua, Zhejiang, China, according to ISO9001
and HALAL standards.

The clinical outcomes were measured by changes in physical and mental well-being,
recorded by a weekly self-administered questionnaire, as well as through the examination
of the subjects’ fecal microbiomes and metabolomes during the course of the trial. The
experimental design was approved by the Ethics Committee of the Affiliated Hospital
of Inner Mongolia Medical University, China, 24 July 2020 (approval number No. KY
2020010).

2.3. Questionnaire Survey

All participants were asked to self-administer a questionnaire at 0 d (start of the trial),
7 d, 14 d, and 21 d (end of the trial) to measure changes in the quality-of-life parameters
during the course of the trial. The questionnaire mainly evaluated outcomes from the per-
spectives of mental and physical well-being [17]. The questionnaire setting was based on
“Symptom Checklist 90” (SCL90) [18], the “Self-Rating Anxiety Scale” (SAS) [19], and the
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“Self-Rating Depression Scale” (SDS) [20], which also included defecation and respiratory
symptoms. The questionnaire administered in this work included 164 items, including
40 questions concerning physical state (mainly subjective physical discomfort in the gas-
trointestinal tract, the respiratory system, and other parts of the body), and 124 questions
concerning mental conditions (including feelings, emotions, thoughts, behavior, living
habits, and interpersonal relationships, as well as eating and sleeping challenges).

2.4. DNA Extraction and Metagenomic Sequencing

Fecal samples were collected from each volunteer at 0 d and 21 d using a disposable
fecal sampler, and the collected samples were temporarily stored in a refrigerator at −80 ◦C
for later use. Fecal samples (about 200 mg) were used for DNA extraction by a metagenomic
QIAamp Fast DNA Stool Mini Kit (Qiagen, Hilden, Germany). Pipette 1000 uL CTAB
lysate was put into a 2.0 mL centrifuge tube, lysozyme was added, an appropriate amount
of the sample was added to the lysate, in a 65 ◦C water bath, and then inverted and
mixed several times during this period to fully lyse the sample. Shotgun metagenomic
sequencing was performed using an Illumina HiseqXten instrument (Illumina Inc., San
Diego, CA, USA). Libraries were constructed by DNA fragments of a 300 bp length; paired-
end reads were generated using 150 bp in both forward and reverse directions. The
achieved metagenomic reads were processed with the KneadData quality control pipeline
(KneadData. http://huttenhower.sph.harvard.edu/kneaddata accessed on 10 February
2021, v0.7.5). Human contaminating reads were removed by Bowtie2 (v2.3.5.1) [21].

2.5. Bioinformatics Analysis

The MetaPhlAn2 and HUMAnN2 pipelines were used to analyze the microbial com-
munity compositions of high-quality sequences and their capabilities [10]. Furthermore,
based on the species information, the Shannon index and the Simpson index were used
to evaluate the α diversity index of each sample, while the function and metabolism of
the gut microbiota were analyzed using Parallel-META software (Version 3.4.4) channel
information.

2.6. Fecal Metabolomics

The fecal samples were stored at -80 ◦C until processed in order to avoid repeated
freezing and thawing. One gram of fecal sample was placed in a centrifuge tube, to which
3 mL of a methanol aqueous solution (v:v = 3:1) was added. This mixture was vortexed at a
high speed for 20 s, ultrasonicated for 5 min, incubated for 1 h at −20 ◦C to precipitate the
proteins, and centrifuged at 13,000× g for 20 min at 4 ◦C. The supernatant was transferred
to new tubes, and the extracts were dried in a vacuum concentrator without applying heat.
Afterward, 600 µL of acetonitrile aqueous (v:v = 1:1) solution was added to the dried extract
for reconstitution. The solution was filtered into a Waters sample bottle using a 0.22 µL
organic filter membrane. A quality control (QC) sample was prepared by pooling an equal
amount of each sample, and the QC sample was injected three times before the sample run,
and every six samples during determination.

Ultra-performance liquid chromatography-quadrupole time-of-flight mass spectrometry
(UPLC-Q-TOF-MSE) was performed using an ACQUITY H-class UPLC system (Waters Cor-
poration, Milford, MA, USA), with an ACQUITY UPLC HSS T3 column (2.1 mm × 100 mm,
1.8 µm, Waters Corporation, Milford, MA, USA), coupled with a Xevo G2-XS QTOF-MS
(Waters Corporation, Milford, MA, USA). Both positive and negative ionization modes
were used to enhance the metabolomic coverage. In the ESI+ scanning mode, mobile
phase A was a 0.1% formic acid-water solution (Sigma-Aldrich, St. Louis, MO, USA) as
aqueous phase; mobile phase B was 0.1% formic acid-acetonitrile solution (Thermo Fisher
Scientific, Grand Island, NY, USA) as the organic phase. As for the ESI- scanning mode,
mobile phase A was 0.1% ammonium hydroxide-water solution (Sigma-Aldrich, St. Louis,
MO, USA), and pure acetonitrile was used as mobile phase B. The applied liquid-phase
gradient elution program is shown in Table 2. The data acquisition MSE scan ranged

http://huttenhower.sph.harvard.edu/kneaddata
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from 50 Da to 1200 Da, with a scan time of 0.2 s, followed by a high-energy scan-transfer
collision energy ramp from 10 eV to 60 eV. The capillary and taper voltages were 3 kV and
40 kV, respectively, while the source and desolvation temperatures were 120 ◦C and 500 ◦C,
respectively. The desolvation and cone gas flows were 800 L/h and 50 L/h, respectively.
Internal mass calibration was achieved using a solution of leucine enkephalin (0.2 ng/µL)
infused at 10 µL/min, and sampled every 30 s with a scan time of 0.3 s.

Table 2. Phase gradient program.

Gradient Time
(min)

Flow Rate
(mL/min)

Mobile Phase A
(%)

Mobile Phase B
(%) Curve

0 0.32 95.0 5.0 6
2.50 0.32 84.0 16.0 6
12.00 0.32 45.0 55.0 6
15.00 0.32 35.0 65.0 6
18.00 0.32 28.0 72.0 6
20.00 0.32 15.0 85.0 6
25.00 0.32 2.0 98.0 6
28.00 0.32 95.0 5.0 6

The raw UPLC-Q-TOF-MSE data were imported into Progenesis QI software (Waters
Corporation, Milford, MA, USA, Version 2.0), which was employed for peak matching, peak
alignment, peak extraction, and normalization. The data were processed using Metabo-
Analyst 5.0 (Metabo-Analyst. http://www.metaboanalyst.ca accessed on 1 February 2021)
for the principal component analysis (PCA), orthogonal partial least squares discriminant
analysis (OPLS-DA), and permutation tests. Metabo Analyst online analysis software was
used for the statistical metabolic enrichment pathways and functional analyses.

Butyrate concentration was determined by using an Agilent 7890B gas chromatograph,
incorporated with an Agilent 5977C mass spectrometer platform (GC-MS, Agilent Technolo-
gies, Santa Clara, CA, USA), with chromatographic Agilent HP-5MS capillary GC columns
(30 m × 0.25 mm × 0.25 µm, Agilent J & W Scientific, Folsom, CA, USA). The determination
was conducted using a method described by Xiaojiao Zheng et al. [13]. The single ion
detection scans (SIM) were quantitatively analyzed using Masshunter quantitative analysis
software. Each sample was run in triplicate.

2.7. Statistical Analysis

The Wilcoxon rank-sum test was used to determine significant differences in scores
obtained from the questionnaires between groups. The paired Mann-Whitney and linear
discriminant analysis (LDA) effect size (LefSe) tests were used to analyze the significant
differences between the bacterial community structures before and after probiotic inter-
vention. The Benjamini–Hochberg method was used to correct the false positive rate of
multiple tests, and a corrected p < 0.05 was considered significantly different. Differences in
bacterial microbiota community structures between samples were visualized by principal
coordinates analysis (PCoA) [22]. The corr.test function in the “psych” package was used
to perform Spearman’s correlation analysis. Graphic presentations were created by R
software (http://www.r-project.org/ accessed on 10 August 2021) and the Metabo-Analyst
platform.

2.8. Data and Code Availability

All sequencing data from this trial were uploaded to the NCBI SRA (National Center
for Biotechnology Information Sequence Read Archive) database, and the bioproject ID
was PRJNA713865.

http://www.metaboanalyst.ca
http://www.r-project.org/
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3. Results
3.1. Quality of Life Questionnaire Analysis

Before the intervention (0 d), all volunteers were investigated at the baseline, after
which the placebo and probiotic intervention trials were conducted. Follow-up surveys
were conducted at 7 d, 14 d, and 21 d, and questionnaires related to quality of life were
completed. Each item on the questionnaire was scored on a scale of one to five, with the
score increasing by one for each degree, from mild to severe. Figure 1 presents heatmaps
drawn according to the physical and mental symptom scores.
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Figure 1. Heatmaps of the self-scaled scores of the physical and mental symptoms for the A and Y groups during different
periods. (a) The heatmap of the self-scaled scores of the physical symptoms at 0 d and 7 d. (b) The heatmap of the self-scaled
scores of the physical symptoms at 14 d and 21 d. The abscissa represents the volunteer number, the ordinate denotes the
questionnaire item, and the color depth represents the item score. (c) The heatmap of the mental symptom self-evaluation
list at 0 d and 7 d. (d) The heatmap of the mental symptom self-evaluation list at 14 d and 21 d. (Four follow-up surveys were
conducted before and during the intervention, which were recorded as A, B, C, and D. For example, the four questionnaire
numbers of volunteers A1 and Y1. Their questionnaires are AA1, AB1, AC1, and AD1; and YA1, YB1, YC1, and YD1,
respectively. The other questionnaire numbers are the same as above.)

The WHO defines health as “a state of complete physical, mental and social well-being,
and not merely the absence of disease”. Quality of life represents a comprehensive index
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system used to measure human health, evaluating individual physiological, psychological,
and social functions. It also assesses the relationship with the surrounding environment,
representing the measurement trend of modern health [10]. A total of 40 items denoting
physical symptoms were included in the follow-up questionnaire to this study, including
physical scores for somatization, the upper respiratory tract, the gastrointestinal tract, and
defecation. At the end of the intervention period, the Y group’s scores were negatively
correlated with the intervention time compared with before the intervention. The scores
gradually decreased with probiotic intervention, improving the symptoms of the volunteers.
The total scores of some volunteers in the A group showed an upward trend. No significant
changes were evident after 21 d of placebo intake (p > 0.05), while the color of the heatmap
became lighter after 21 d of probiotic intervention, indicating that the physical symptoms
of the volunteers improved significantly after 21 d of taking probiotics (p < 0.05).

Investigating and following up on the mental symptoms revealed that Probio-M9
improved the mental states of the volunteers (p < 0.05) but had no significant effect on the
mental state of the subjects before and after the administration of the placebo (p > 0.05).
After 21 d, probiotic intervention substantially improved the mental (p < 0.01) and physical
states (p < 0.05) of the volunteers compared to the placebo. The results indicate that the
administration of Probio-M9 significantly improved the physical and mental symptoms of
stress in adults, and that increased daily intake of Probio-M9 may substantially enhance
their quality of life.

3.2. The Effect of the Probiotic Intervention on the Gut Microbiota Composition

After 21 d of probiotic intervention, the α-diversity analysis revealed an increase in
the Shannon Index and the Simpson Index, while the placebo control group showed the
opposite trend (Figure 2a,b).
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Figure 2. Comparison between the α-diversity indexes and gut microbial population structure of
the samples. (a) Shannon index; (b) Simpson index; (c,d) The PcoA of the gut microbial population
structure. (Figure 2a,b, AA and AD represent the 0-day and 21-day placebo groups, respectively; YA
and YD represent the 0-day and 21-day probiotic groups, respectively. The legends of the following
results also represent the same group).
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In order to further evaluate the influence of Probio-M9 on the structure of the gut
microbiota, this study used PCoA to evaluate the differences in the structures of the gut
microbiota of the volunteers before and after the intervention (Figure 2c,d). The A group
showed a distinct dispersion trend, while the Y group exhibited a more even gut microbial
structure during the experiment. The results show that the gut microbiota of the volunteers
exposed to the 21-d Probio-M9 intervention became more stable. Probiotics can regulate
the intestinal microbes of stressed individuals in specific environments, maintaining the
stability of the intestinal microorganisms.

3.3. Genomic Characteristics of the Gut Microbiome

Illumina Hiseq X Ten metagenomic sequencing was used to obtain a total of 176.24 Gb
of high-quality sequences from 24 fecal samples, with an average of 7.34 ± 1.06 Gb se-
quences per sample. The HUMAnN2 tool was used to analyze the microbial community
structure of the high-quality sequences. At Day 0, the gut microbiota of healthy adults
mainly consisted of Firmicutes (60.37%), Bacteroidetes (25.72%), Actinobacteria (5.40%),
Proteobacteria (4.60%), and Verrucomicrobia (2.36%) at the phylum level (Figure 3a). No
significant change was observed in the fecal microbiota between 0 d and 21 d at the phylum
level. Nevertheless, the Bacteroidetes and Verrucomicrobia levels in the Y group increased,
while the Firmicutes and Actinobacteria levels decreased; therefore, the ratio of Firmi-
cutes/Bacteroidetes (F/B) was decreased. The results of the A group showed an opposite
trend.
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The fecal microbiota compositions of the volunteers at the genus and species lev-
els, before and after completing the intervention trial, are shown in Figures 3b and 3d.
Here, 89 genera were detected, 15 of which were major genera exceeding 1% (Figure 3b),
accounting for 89.11% of the intestinal bacterial gut microbiota. The dominant genera
were Bacteroides (23.77%), Eubacterium (14.26%), Roseburia (10.37%), Escherichia (7.56%), and
Faecalibacterium (5.93%). At 21 d, 89 bacterial genera were detected. A total of 18 bacterial
genera had a relative content exceeding 1%, accounting for 90.32% of the gut microbiota.
LefSe software was used to analyze the bacterial community changes at 21 d. Significant
changes were evident for Ruminococcus in the A group, and for Parabacteroides, Parapre-
votella, Oscillospiraceae, Veillonella, and Bilophila in the Y group (Figure 3c). Interestingly,
the relative abundance of Bacteroides, Prevotella, Barnesiella, Akkermansia, Blautia, Veillonella,
and Desulfovibrio increased (p > 0.05) (Figure 3), and the relative abundance of Escherchia
(p < 0.05) and Collinsella (p > 0.05) content decreased in the Y group. While the result in the
A group was the opposite.

A total of 230 species were detected on Day 0, of which 26 had a relative content
exceeding 1%, accounting for 77.20% of the total gut microbiota (Figure 3d). The most
prevalent species included Eubacterium rectale (9.49%), Escherichia coli (6.82%), Faecalibac-
terium prausnitzii (5.69%), Roseburia inulinivorans (5.56%), and Subdoligranulum unclassified
(5.15%). After 21 d of intervention, the relative content of 27 species exceeded 1%, ac-
counting for 73.31% of the total gut microbiota, and mainly included Eubacterium rectale
(10.22%), Faecalibacterium prausnitzii (5.52%), Roseburia intestinalis (4.26%), Roseburia inulin-
ivorans (4.01%), and Subdoligranulum unclassified (3.99%). At the species level, the content of
Clostridium symbiosum decreased in the A group, while Coprococcus species significantly
increased in the Y group (p < 0.05) (Figure 4). Furthermore, the Y group remained stable at
the species level. It is worth noting that Akkermansia muciniphila tended to increase after
21 d of intervention with Probio-M9.
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3.4. Probiotics Regulated the Metabolic Pathways of the Gut Microbiota

The QC samples, 0-d A group, and probiotic metabolism data were used for PCA
analysis (Figure 5a). The QC samples collected in positive and negative ion mode showed
tight aggregation, indicating excellent stability of the instrument during the assessment. A
t-test was performed on the metabolic data of the two groups at 0 d, showing no significant
differences in metabolites. In summary, the two groups of volunteers were at the same
metabolic level before starting the experiment. The PLS-DA analysis of the metabolic
profiles reveals a clear difference between the placebo and probiotics groups after 21 d of
probiotic intervention (Figure 5b).
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Further statistical analysis showed a total of 178 differential metabolites in the Y and A
groups at 21 d (p < 0.05, fold change > 2, VIP value > 1). On the basis of the well-established
mummichog algorithm, we performed metabolic pathway enrichment analysis using the
KEGG database [23]. There were 39 metabolic pathways identified, among which six
were significantly changed in the probiotics group compared with the controls (p < 0.05,
impact > 0). We identified arachidonic acid metabolism as the metabolic pathway of
interest, as both groups exhibited lower p-values and greater pathway impacts (Figure 6a).
Leukotriene B4 and prostaglandin E2 were found in this pathway, metabolized by lecithin.
The level of leukotriene B4 in the probiotics group was significantly downregulated, while
the level of prostaglandin E2 was upregulated remarkably. For a better understanding of the
metabolic differences between the two groups, we also performed functional enrichment
analysis. The results reveal that the top three pathways were: arachidonic acid metabolism;
ubiquinone, and other terpenoid-quinone biosynthesis; and phenylalanine metabolism
(Figure 6b). In the process, we discovered that pathways for fatty acid synthesis and
arachidonic acid metabolism increased. Furthermore, the study identified catecholamine, a
neurotransmitter that interacts with the gut metabolism to influence chronic stress, from
the microbial metabolites in the Y group [24,25]. In addition, pyridoxamine, a class of
vitamin B6 compounds, was also detected in the differential metabolites. Compared with
the control group, the intake of Probio-M9 can adjust the composition of the human gut
microbiota, changing the metabolic glutamate, alanine, aspartate, and aromatic amino acid
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pathways. The main two metabolic pathways of glutamate, catecholamine biosynthesis,
and oleic acid, may be causally related to stress. We also identified that intake of probiotics
can increase the level of 5-hydroxytryptamine (serotonin, 5-HT) by regulating the gut
microbiota. This could be related to the change in the tryptophan metabolic pathway after
taking probiotics.
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(p-values) and topology analysis (pathway impact).

We noted that butanoate metabolism was one of 39 metabolic pathways. Short-
chain fatty acids (SCFAs) are major microbial metabolites produced during anaerobic
fermentation in the gut [26]. Among them, butyrate has received particular attention for its
important effects on intestinal homeostasis and energy metabolism [27]. Its physiological
levels may influence brain function indirectly by regulating immune responses and vagus
nerve stimulation [28]. Therefore, we measured butyric acid and isobutyric acid in the feces.
The fecal concentrations of butyrate and isobutyrate were quantified GC-MS to evaluate
the SCFAs in the fecal samples of the Y and A groups (Figure 7). The results show that
the butyrate and isobutyrate levels were higher in the fecal samples from the individuals
taking probiotics (p > 0.05).

We analyzed the correlation between species and relative abundance and significant
fecal metabolites using the Spearman’s correlation coefficient to investigate how probiotics
affect the relation of gut microbes and feature metabolites (Figure 8). The results show
a significant positive correlation between Akkermansia muciniphila, pyridoxamine, and 6-
hydroxymelatonin (r = 0.632, p = 0.028 and r = 0.595, p =0.041, respectively). Moreover, oleic
acid was also positively correlated with Akkermansia muciniphila abundance. Coprococcus sp.
ART55/1 showed a substantial positive correlation with dopamine (r = 0.774, p = 0.003).
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4. Discussion

Among the diverse microbial communities colonized by the human body, gut micro-
biota significantly affects the health of the host. Examining the human microbiome has
highlighted the importance of biological, environmental, psychological, and social systems
to health. Stress affects the microbiome over time, eventually forming a link between
gut microbes and health. Increasing evidence suggests that the intestinal microbiome
influences the CNS via the “microbiology-gut-brain axis”.

This study conducted a 21-d intervention trial on stressed graduate students using
Probio-M9, which increased the diversity of the gut microbiota of the hosts, improving their
mental and physical symptoms, and enhancing their quality of life. The results suggest
that probiotic intervention can increase and maintain the diversity of gut microbiota, which
may be why the volunteers in the Y group displayed improved mental states after taking
the Probio-M9 product. The overall decrease in the diversity of the intestinal flora in the
A group may be due to the harsh winter environment and the psychological stress of the
volunteers during the trial [29]. The Y group may have benefited from Probio-M9, which
increased the diversity [30]. Certainly, some of the reasons for the improvement of QOL
problems cannot be ruled out as the volunteers’ self-regulation due to the improvement of
the external environment, for example, factors such as the gradual end of the term, and the
upcoming winter vacation. Nevertheless, the reasons for this phenomenon require further
examination.

After the intervention of Probio-M9, the abundance of Barnesiell and Akkermansia
decreased in the A group and increased in the Y group. Intestinal Barnesiella is a dietary
polyphenol-targeting bacterium that can eliminate harmful bacteria from the gut and
produce SCFAs [31]. Barnesiella can use fucosyllactose to colonize the intestine to improve
the anti-inflammatory ability of the intestine [32], but the level of Barnesiella in the placebo
group was significantly reduced. The reason for the reduction of Barnesiella may be related
to external pressures, and the specific reasons need to be further studied. Akkermansia is
a Gram-negative obligate anaerobic nonmotile nonspore-forming elliptical eubacterium,
classified under the phylum Verrucomicrobia [33]. Akkermansia can participate in sugar
metabolism to produce short-chain fatty acids from mucin and provide energy for goblet
cells that produce mucin [34]. In people with a higher abundance of Akkermansia in the
intestine, the effect of improving insulin resistance is more obvious when an overweight or
obese person is treated with a calorie-restricted diet [35]. Akkermansia (1.86%) increased
in the Y group, and was negatively correlated with obesity, diabetes, inflammation, and
metabolic disorders [36]. In addition, several studies have reported that Akkermansia can
reduce intestinal mucin and increase short-chain fatty acid abundance, protecting the
intestines. The intake of Bifidobacterium increased the abundance of Akkermansia, which
was consistent with the findings of this research. Many studies have confirmed that gut
microbiota plays a vital role in depression and anxiety [37,38]. The daily human diet
may increase or reduce the threat of emotional problems by changing the gut microbiota
composition.

The gut microbiota links the CNS and intestinal nervous system by regulating the
gut-brain axis, connecting to the brain for emotional regulation, and facilitating a two-way
gut-nerve-brain interaction [39]. Probiotic ingestion provides a method for regulating the
structure and metabolism of the human gut microbiota, possibly improving emotional
stress. Amino groups, primarily responsible for amino acid synthesis in organisms, are
formed by glutamic acid and glutamine in the body. The increased amino acid content in the
intestinal tract may inhibit neurological degeneration via stress response, such as alleviating
Parkinson’s phenotypes [40]. An experiment involving the effect of nicotine on the gut-
brain axis in mice revealed that it caused changes in the gut microbiota and glutamate
metabolism that affected the mice’s gut-brain axis. [41]. These results provide evidence
that Probio-M9 improved the glutamate metabolism of gut microbiota and regulated the
brain-intestinal axis. Besides glutamate, additional neurotransmitters and hormones are
involved in intestinal signal transduction. A gut-brain circuit was established, via the
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vagus nerve and the brain, to regulate mood, memory, and other host functions [42], such
as aromatic amino acids, dopamine, and 5-HT. The metabolism of aromatic amino acids,
such as tyrosine, tryptophan, and leucine, can enhance the CNS and the brain-derived
neurotrophic factor (BDNF), improving brain health via the hypothalamic nerve [43].
In addition, pyridoxamine, a class of vitamin B6 compounds, was also detected in the
differential metabolites. Higher B vitamins are positively correlated with better physical
health, cognitive ability, social roles, social skills, and less fatigue. The level of B vitamins
will positively impact the quality of life of the host [44–46]. The main two metabolic
pathways of glutamate, catecholamine biosynthesis and oleic acid, may be causally related
to stress. Oleic acid supplementation can inhibit the quorum-sensing molecule, AI-2,
reducing the depressive behavior of mice [47]. Probiotics increased the 5-HT concentration
in the intestine after the intervention. It is well known that 5-HT, as a metabolite of
tryptophan, is a hormone and excitatory neurotransmitter. It not only promotes intestinal
peristalsis [48,49], but also plays an essential role in depression, autism, neurodegeneration,
and other diseases [50]. Many studies have shown that 5-HT plays a regulatory role by
regulating the hippocampal nervous system. This metabolic result is consistent with the
results of tryptophan synthesis (present in >90% of gut microbial genomes), and dopamine
synthesis (present in <5% of gut microbial genomes), annotated in the metagenomics
of this study. These results indicate that Probio-M9 may potentially become a “mental
probiotic” [51,52].

This study of the gut microbiota and metabolites of stressed adults indicates that gut
microbiota may deeply influence CNS activities and host behavior, with chemical signal-
ing involved. The physical symptoms and mental states of stressed adults are generally
associated with gut bacteria alterations, while oral Lactobacillus rhamnosus Probio-M9 could
alter stress-related metabolites in the gut and influence pressure behaviors in adults. The
gut-brain axis mainly affects human emotions via three pathways, namely, immune regula-
tion pathways, neuroendocrine pathways, and vagus nerve pathways [53]. Subsequent
experiments can increase the understanding of blood metabolism and immunology. In fact,
the regulation of gut microbiota by probiotics involves far more than simply regulating
the gut-brain axis. Complex interactions in the human body increase the need to examine
the effects of probiotics on human health. This is highly significant for clarifying the rela-
tionship between the microbiome, and stress and anxiety. Therefore, research on probiotic
products and probiotic metabolites will provide new ideas for maintaining human health.
An in-depth exploration of the complex effect of probiotics on humans may provide insight
into host health.

5. Conclusions

In the present study, we identified correlations between the composition of the intesti-
nal microbiota in stressed adults and quality of life (QoL). Probio-M9 may improve the
psychological and physiological qualities of life in stressed adults via the gut-brain axis
pathway. However, the causal relationship needs to be further explored in future studies. In
this study, we show that oral Probio-M9 can induce alterations in gut microbiota, including
bacterial community compositions and metabolites, in stressed adults. The perturbation of
gut microbiota may influence the chemical signaling of gut-brain interactions and further
mediate host psychological problems and behaviors. The perturbation of commensal gut
microbiota may influence normal gut-brain communication and change host behaviors.

Author Contributions: Conceptualization, Y.Z., Z.Y. and T.S.; methodology, Y.Z.; software, Z.Y.;
validation, W.Z.; formal analysis, Z.Y.; investigation, Y.Z.; resources, T.S.; data curation, Z.Y.; writing—
original draft preparation, Y.Z.; writing—review and editing, Y.Z. and Z.Y.; visualization, Y.Z. and
Z.Y.; supervision, W.Z.; project administration, T.S.; funding acquisition, T.S. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was supported by the National Natural Science Foundation of China (Grant
No. 31771954).



Foods 2021, 10, 2384 15 of 17

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of the Affiliated Hospital of Inner
Mongolia Medical University, Hohhot, China (No. KY 2020010 and 24 July, 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All sequencing data from this trial were uploaded to the NCBI SRA
(National Center for Biotechnology Information Sequence Read Archive) database, and the bioproject
ID was PRJNA713865.

Acknowledgments: This research was supported by the National Natural Science Foundation of
China (Grant No. 31771954). We thank all the subjects who took part in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Kelly, P. Postgraduate Students Likely to Experience Stress and Depression, According to GSU Survey. Available online: http://

trinitynews.ie/2018/05/postgraduate-students-likely-to-experience-stress-and-depression-according-to-gsu-survey/ (accessed
on 31 May 2018).

2. Carlijn, K.; John, V.; Remco, P. The Influence of the Social Environment Context in Stress and Coping in Sport. Front Psychol. 2016,
7, 875.

3. Bedewy, D.; Gabriel, A. Examining Perceptions of Academic Stress and Its Sources among University Students: The Perception of
Academic Stress Scale. Health Psychol. Open 2015, 2. [CrossRef]

4. Valles-Colomer, M.; Falony, G.; Darzi, Y.; Tigchelaar, E.F.; Wang, J.; Tito, R.Y.; Schiweck, C.; Kurilshikov, A.; Joossens, M.;
Wijmenga, C.; et al. The Neuroactive Potential of the Human Gut Microbiota in Quality of Life and Depression. Nat. Microbiol.
2019, 4, 623–632. [CrossRef] [PubMed]

5. Neufeld, K.M.; Kang, N.; Bienenstock, J.; Foster, J.A. Reduced Anxiety-Like Behavior and Central Neurochemical Change in
Germ-Free Mice. Neurogastroenterol. Motil. 2011, 23, 255–264. [CrossRef] [PubMed]

6. Vojinovic, D.; Radjabzadeh, D.; Kurilshikov, A.; Amin, N.; Wijmenga, C.; Franke, L.; Ikram, M.A.; Uitterlinden, A.G.; Zhernakova,
A.; Fu, J. Relationship between Gut Microbiota and Circulating Metabolites in Population-Based Cohorts. Nat. Commun. 2019, 10,
1–7. [CrossRef] [PubMed]

7. Young, V.B. The Role of the Microbiome in Human Health and Disease: An Introduction for Clinicians. BMJ 2017, 356, j831.
[CrossRef]

8. Sarkar, A.; Harty, S.; Lehto, S.M.; Moeller, A.H.; Dinan, T.G.; Dunbar, R.I.M.; Cryan, J.F.; Burnet, P.W.J. The Microbiome in
Psychology and Cognitive Neuroscience. Trends Cogn. Sci. 2018, 22, 611–636. [CrossRef] [PubMed]

9. Backhed, F.; Ley, R.E.; Sonnenburg, J.L.; Peterson, D.A.; Gordon, J.I. Host-Bacterial Mutualism in the Human Intestine. Science
2005, 307, 1915–1920. [CrossRef]

10. Cryan, J.F.; Dinan, T.G. Mind-Altering Microorganisms: The Impact of the Gut Microbiota on Brain and Behaviour. Nat. Rev.
Neurosci. 2012, 13, 701–712. [CrossRef]

11. Rios-Covian, D.; Ruas-Madiedo, P.; Margolles, A.; Gueimonde, M.; de Los Reyes-Gavilan, C.G.; Salazar, N. Intestinal Short Chain
Fatty Acids and their Link with Diet and Human Health. Front. Microbiol. 2016, 7, 185. [CrossRef]

12. Strandwitz, P. Neurotransmitter Modulation by the Gut Microbiota. Brain Res. 2018, 1693, 128–133. [CrossRef] [PubMed]
13. Den Besten, G.; van Eunen, K.; Groen, A.K.; Venema, K.; Reijngoud, D.J.; Bakker, B.M. The Role of Short-Chain Fatty Acids in the

Interplay between Diet, Gut Microbiota, and Host Energy Metabolism. J. Lipid Res. 2013, 54, 2325–2340. [CrossRef] [PubMed]
14. Liu, W.; Chen, M.; Duo, L.; Wang, J.; Guo, S.; Sun, H.; Menghe, B.; Zhang, H. Characterization of Potentially Probiotic Lactic Acid

Bacteria and Bifidobacteria Isolated from Human Colostrum. J. Dairy Sci. 2020, 103, 4013–4025. [CrossRef] [PubMed]
15. Zhang, J.; Zhao, J.; Jin, H.; Lv, R.; Shi, H.; De, G.; Yang, B.; Sun, Z.; Zhang, H. Probiotics Maintain the Intestinal Microbiome

Homeostasis of the Sailors during a Long Sea Voyage. Gut Microbes 2020, 11, 930–943. [CrossRef] [PubMed]
16. Martin, C.R.; Osadchiy, V.; Kalani, A.; Mayer, E.A. The Brain-Gut-Microbiome Axis. Cell Mol. Gastroenterol. Hepatol. 2018, 6,

133–148. [CrossRef] [PubMed]
17. Sharp, J.W. Expanding the Definition of Quality of Life for Prostate Cancer. Cancer 1993, 71, 1078–1082. [CrossRef]
18. Lipman, R.S.; Covi, L.; Shapiro, A.K. The Hopkins Symptom Checklist (HSCL): Factors Derived from the HSCL-90. J. Affect.

Disord. 1979, 1, 9–24. [CrossRef]
19. Zigmond, A.S.; Snaith, R.P. The Hospital Anxiety and Depression Scale. Acta Psychiatr. Scand. 1983, 67, 361–370. [CrossRef]
20. Zung, W.W. A Self-Rating Depression Scale. Arch. Gen. Psychiatry 1965, 12, 63–70. [CrossRef]
21. Langmead, B.; Salzberg, S.L. Fast gapped-read alignment with Bowtie 2. Nat. Methods 2012, 9, 357–359. [CrossRef]
22. Catherine Lozupone, R.K. UniFrac: A New Phylogenetic Method for Comparing Microbial Communities. Appl. Environ. Microbiol.

2005, 71, 8228–8235. [CrossRef] [PubMed]
23. Chong, J.; Othman, S.; Li, C.; Iurie, C.; Li, S.; Guillaume, B.; Wishart, D.S.; Xia, J. MetaboAnalyst 4.0: Towards More Transparent

and Integrative Metabolomics Analysis. Nucleic Acids Res. 2018, 46, 486–494. [CrossRef] [PubMed]

http://trinitynews.ie/2018/05/postgraduate-students-likely-to-experience-stress-and-depression-according-to-gsu-survey/
http://trinitynews.ie/2018/05/postgraduate-students-likely-to-experience-stress-and-depression-according-to-gsu-survey/
http://doi.org/10.1177/2055102915596714
http://doi.org/10.1038/s41564-018-0337-x
http://www.ncbi.nlm.nih.gov/pubmed/30718848
http://doi.org/10.1111/j.1365-2982.2010.01620.x
http://www.ncbi.nlm.nih.gov/pubmed/21054680
http://doi.org/10.1038/s41467-019-13721-1
http://www.ncbi.nlm.nih.gov/pubmed/31862950
http://doi.org/10.1136/bmj.j831
http://doi.org/10.1016/j.tics.2018.04.006
http://www.ncbi.nlm.nih.gov/pubmed/29907531
http://doi.org/10.1126/science.1104816
http://doi.org/10.1038/nrn3346
http://doi.org/10.3389/fmicb.2016.00185
http://doi.org/10.1016/j.brainres.2018.03.015
http://www.ncbi.nlm.nih.gov/pubmed/29903615
http://doi.org/10.1194/jlr.R036012
http://www.ncbi.nlm.nih.gov/pubmed/23821742
http://doi.org/10.3168/jds.2019-17602
http://www.ncbi.nlm.nih.gov/pubmed/32113772
http://doi.org/10.1080/19490976.2020.1722054
http://www.ncbi.nlm.nih.gov/pubmed/32079472
http://doi.org/10.1016/j.jcmgh.2018.04.003
http://www.ncbi.nlm.nih.gov/pubmed/30023410
http://doi.org/10.1002/1097-0142(19930201)71:3+&lt;1078::AID-CNCR2820711429&gt;3.0.CO;2-Z
http://doi.org/10.1016/0165-0327(79)90021-1
http://doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://doi.org/10.1001/archpsyc.1965.01720310065008
http://doi.org/10.1038/nmeth.1923
http://doi.org/10.1128/AEM.71.12.8228-8235.2005
http://www.ncbi.nlm.nih.gov/pubmed/16332807
http://doi.org/10.1093/nar/gky310
http://www.ncbi.nlm.nih.gov/pubmed/29762782


Foods 2021, 10, 2384 16 of 17

24. Turnbaugh, P.J.; Hamady, M.; Yatsunenko, T.; Cantarel, B.L.; Duncan, A.; Ley, R.E.; Sogin, M.L.; Jones, W.J.; Roe, B.A.; Affourtit,
J.P. A Core Gut Microbiome in Obese and Lean Twins. Nature 2009, 457, 480. [CrossRef] [PubMed]

25. O’Mahony, S.M.; Clarke, G.; Borre, Y.E.; Dinan, T.G.; Cryan, J.F. Serotonin, Tryptophan Metabolism and the Brain-Gut-Microbiome
Axis-Sciencedirect. Behav. Brain Res. 2015, 277, 32–48. [CrossRef] [PubMed]

26. Roy, C.C.; Kien, C.L.; Bouthillier, L.; Levy, E. Short-Chain Fatty Acids: Ready for Prime Time? Nutr. Clin. Pract. 2006, 21, 351–366.
[CrossRef] [PubMed]

27. Hu, L.; Ji, W.; He, T.; Becker, S.; Xi, M. Butyrate: A Double-Edged Sword for Health? Adv. Nutr. 2018, 9, 21–29.
28. Stilling, R.M.; van de Wouw, M.; Clarcke, G.; Stanton, C.; Dinan, T.G.; Cryan, J.F. The Neuropharmacology of Butyrate: The Bread

and Butter of the Microbiota-Gut-Brain Axis? Neurochem. Int. 2016, 99, 110–132. [CrossRef]
29. Karl, J.P.; Hatch, A.M.; Arcidiacono, S.M.; Pearce, S.C.; Soares, J.W. Effects of Psychological, Environmental and Physical Stressors

on the Gut Microbiota. Front. Microbiol. 2018, 9, 2013. [CrossRef]
30. Fang, Z.; Lu, W.; Zhao, J.; Zhang, H.; Qian, L.; Wang, Q.; Chen, W. Probiotics Modulate the Gut Microbiota Composition and

Immune Responses in Patients with Atopic Dermatitis: A Pilot Study. Eur. J. Nutr. 2020, 59, 2119–2130. [CrossRef]
31. Wei, X.; Tao, J.; Xiao, S.; Jiang, S.; Shang, E.; Zhu, Z.; Qian, D.; Duan, J. Xiexin Tang Improves the Symptom of Type 2 Diabetic Rats

by Modulation of the Gut Microbiota. Sci. Rep. 2018, 8, 3685. [CrossRef]
32. Weiss, G.A.; Chassard, C.; Hennet, T. Selective Proliferation of Intestinal Barnesiella under Fucosyllactose Supplementation in

Mice. Br. J. Nutr. 2014, 111, 1602–1610. [CrossRef]
33. Derrien, M.; Vaughan, E.E.; Plugge, C.M.; de Vos, W.M. Akkermansia muciniphila Gen. Nov., Sp. Nov., a Human Intestinal

Mucin-Degrading Bacterium. Int. J. Syst. Evol. Microbiol. 2004, 54, 1469–1476. [CrossRef] [PubMed]
34. Shin, N.-R.; Lee, J.-C.; Lee, H.-Y.; Kim, M.-S.; Whon, T.W.; Lee, M.-S.; Bae, J.-W. An Increase in the Akkermansia Spp. Population

Induced by Metformin Treatment Improves Glucose Homeostasis in Diet-Induced Obese Mice. Gut 2014, 63, 727–735. [CrossRef]
35. Naito, Y.; Uchiyama, K.; Takagi, T. A Next-Generation Beneficial Microbe: Akkermansia muciniphila. J. Clin. Biochem. Nutr. 2018, 63,

33–35. [CrossRef] [PubMed]
36. Zhou, K. Strategies to Promote Abundance of Akkermansia muciniphila, an Emerging Probiotics in the Gut, Evidence from Dietary

Intervention Studies. J. Funct. Foods 2017, 33, 194–201. [CrossRef] [PubMed]
37. Kelly, J.R.; Borre, Y.; O’Brien, C.; Patterson, E.; El Aidy, S.; Deane, J.; Kennedy, P.J.; Beers, S.; Scott, K.; Moloney, G. Transferring the

Blues: Depression-Associated Gut Microbiota Induces Neurobehavioural Changes in the Rat. J. Psychiatr. Res. 2016, 82, 109–118.
[CrossRef] [PubMed]

38. Simpson, C.A.; Diaz-Arteche, C.; Eliby, D.; Schwartz, O.S.; Simmons, J.G.; Cowan, C.S. The Gut Microbiota in Anxiety and
Depression–A Systematic Review. Clin. Psychol. Rev. 2020, 83, 101943. [CrossRef]

39. Jameson, K.G.; Hsiao, E.Y. Linking the Gut Microbiota to a Brain Neurotransmitter. Trends Neurosci. 2018, 41, 413–414. [CrossRef]
40. Chittoor-Vinod, V.G.; Villalobos-Cantor, S.; Roshak, H.; Shea, K.; Martin, I. Dietary Amino Acids Impact LRRK2-induced

Neurodegeneration in Parkinson’s Disease Models. J. Neurosci. 2020, 40, 6234–6249. [CrossRef]
41. Chi, L.; Mahbub, R.; Gao, B.; Bian, X.; Tu, P.; Ru, H.; Lu, K. Nicotine Alters the Gut Microbiome and Metabolites of Gut-Brain

Interactions in a Sex-Specific Manner. Chem. Res. Toxicol. 2017, 30, 2110–2119. [CrossRef]
42. Kaelberer, M.M.; Rupprecht, L.E.; Liu, W.W.; Weng, P.; Bohórquez, D. Neuropod Cells: Emerging Biology of the Gut-Brain Sensory

Transduction. Annu. Rev. Neurosci. 2020, 43, 337–353. [CrossRef]
43. Gao, K.; Pi, Y.; Mu, C.-L.; Farzi, A.; Liu, Z. Increasing Carbohydrate Availability in the Hindgut Promotes Hypothalamic

Neurotransmitter Synthesis: Aromatic Amino Acids Linking the Microbiota-Brain Axis. J. Neurochem. 2019, 149, 641–659.
[CrossRef]

44. Allott, K.; Mcgorry, P.D.; Yuen, H.P.; Firth, J.; Proffitt, T.M.; Berger, G.; Maruff, P.; O’Regan, M.K.; Papas, A.; Stephens, T.C.B. The
Vitamins in Psychosis Study: A Randomized, Double-Blind, Placebo-Controlled Trial of the Effects of Vitamin B12, B6 and Folic
Acid on Symptoms and Neurocognition in First-Episode Psychosis. Biol. Psychiatry 2019, 86, 35–44. [CrossRef] [PubMed]

45. Koole, J.L.; Bours, M.J.L.; Geijsen, A.J.M.R.; Gigic, B.; Ulvik, A.; E Kok, D.; Brezina, S.; Ose, J.; Baierl, A.; Böhm, J.; et al. Circulating
B-Vitamin Biomarkers and B-Vitamin Supplement Use in Relation to Quality of Life in Patients with Colorectal Cancer: Results
from the Focus Consortium. Am. J. Clin. Nutr. 2021, 113, 1468–1481. [CrossRef]

46. Qin, B.; Xun, P.; Jacobs, D.R.; Zhu, N.; Daviglus, M.L.; Reis, J.P.; Steffen, L.M.; Linda, V.H.; Stephen, S.; He, K. Intake of Niacin,
Folate, Vitamin B-6, and Vitamin B-12 through Young Adulthood and Cognitive Function in Midlife: The Coronary Artery Risk
Development in Young Adults (Cardia) Study. Am. J. Clin. Nutr. 2017, 106, 1032–1040. [CrossRef] [PubMed]

47. Medina-Rodriguez, E.M.; Madorma, D.; O’Connor, G.; Mason, B.L.; Beurel, E. Identification of a Signaling Mechanism by Which
the Microbiome Regulates Th17 Cell-Mediated Depressive-Like Behaviors in Mice. Am. J. Psychiatry 2020, 177, 974–990. [CrossRef]

48. Chen, Z.; Luo, J.; Li, J.; Kim, G.; Stewart, A.; Urban, J.F.; Huang, Y.; Chen, S.; Wu, L.G.; Chesler, A. Interleukin-33 Promotes
Serotonin Release from Enterochromaffin Cells for Intestinal Homeostasis. Immunity 2020, 54, 151–163. [CrossRef]

49. Israelyan, N.; Margolis, K.G. Serotonin as a Link Between the Gut-Brain-Microbiome Axis in Autism Spectrum Disorders.
Pharmacol. Res. 2018, 132, 1–6. [CrossRef] [PubMed]

50. Ridaura, V.; Belkaid, Y. Gut Microbiota: The Link to Your Second Brain. Cell 2015, 161, 193–194. [CrossRef]
51. Burnet, P.; Cowen, P.J. Psychobiotics Highlight the Pathways to Happiness. Biol. Psychiatry 2013, 74, 708–709. [CrossRef]

http://doi.org/10.1038/nature07540
http://www.ncbi.nlm.nih.gov/pubmed/19043404
http://doi.org/10.1016/j.bbr.2014.07.027
http://www.ncbi.nlm.nih.gov/pubmed/25078296
http://doi.org/10.1177/0115426506021004351
http://www.ncbi.nlm.nih.gov/pubmed/16870803
http://doi.org/10.1016/j.neuint.2016.06.011
http://doi.org/10.3389/fmicb.2018.02013
http://doi.org/10.1007/s00394-019-02061-x
http://doi.org/10.1038/s41598-018-22094-2
http://doi.org/10.1017/S0007114513004200
http://doi.org/10.1099/ijs.0.02873-0
http://www.ncbi.nlm.nih.gov/pubmed/15388697
http://doi.org/10.1136/gutjnl-2012-303839
http://doi.org/10.3164/jcbn.18-57
http://www.ncbi.nlm.nih.gov/pubmed/30087541
http://doi.org/10.1016/j.jff.2017.03.045
http://www.ncbi.nlm.nih.gov/pubmed/30416539
http://doi.org/10.1016/j.jpsychires.2016.07.019
http://www.ncbi.nlm.nih.gov/pubmed/27491067
http://doi.org/10.1016/j.cpr.2020.101943
http://doi.org/10.1016/j.tins.2018.04.001
http://doi.org/10.1523/JNEUROSCI.2809-19.2020
http://doi.org/10.1021/acs.chemrestox.7b00162
http://doi.org/10.1146/annurev-neuro-091619-022657
http://doi.org/10.1111/jnc.14709
http://doi.org/10.1016/j.biopsych.2018.12.018
http://www.ncbi.nlm.nih.gov/pubmed/30771856
http://doi.org/10.1093/ajcn/nqaa422
http://doi.org/10.3945/ajcn.117.157834
http://www.ncbi.nlm.nih.gov/pubmed/28768650
http://doi.org/10.1176/appi.ajp.2020.19090960
http://doi.org/10.1016/j.immuni.2020.10.014
http://doi.org/10.1016/j.phrs.2018.03.020
http://www.ncbi.nlm.nih.gov/pubmed/29614380
http://doi.org/10.1016/j.cell.2015.03.033
http://doi.org/10.1016/j.biopsych.2013.08.002


Foods 2021, 10, 2384 17 of 17

52. Bambury, A.; Sandhu, K.; Cryan, J.F.; Dinan, T.G. Finding the Needle in the Haystack: Systematic Identification of Psychobiotics.
Br. J. Pharmacol. 2018, 175, 4430–4438. [CrossRef] [PubMed]

53. Makris, A.P.; Karianaki, M.; Tsamis, K.I.; Paschou, S.A. The Role of the Gut-Brain Axis in Depression: Endocrine, Neural, and
Immune Pathways. Hormones 2021, 20, 1–12. [CrossRef] [PubMed]

http://doi.org/10.1111/bph.14127
http://www.ncbi.nlm.nih.gov/pubmed/29243233
http://doi.org/10.1007/s42000-020-00236-4
http://www.ncbi.nlm.nih.gov/pubmed/32827123

	Introduction 
	Materials and Methods 
	Participants 
	Experimental Design 
	Questionnaire Survey 
	DNA Extraction and Metagenomic Sequencing 
	Bioinformatics Analysis 
	Fecal Metabolomics 
	Statistical Analysis 
	Data and Code Availability 

	Results 
	Quality of Life Questionnaire Analysis 
	The Effect of the Probiotic Intervention on the Gut Microbiota Composition 
	Genomic Characteristics of the Gut Microbiome 
	Probiotics Regulated the Metabolic Pathways of the Gut Microbiota 

	Discussion 
	Conclusions 
	References

