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Abstract: We investigated the diversity and composition of microflora in feces of Lycopus lucidus Turcz.-fed mice. In

addition, we evaluated the production of major cytokines (Interleukin-6 and -10) which are related to inflammation

and fatty acid composition of several tissues. 16S ribosomal DNA sequencing-based microbiome taxonomic profiling

analysis was performed utilizing the EzBioCloud data base. Male mice fed on L. lucidus showed a significantly

reduced number of lactic acid bacteria and coliform in the feces compared with the control group (p < 0.05). 16S

rDNA sequencing analysis of fecal samples showed that L. lucidus supplementation decreased the community of

harmful microflora (Enterobacteriaceae including Escherichia coli and Bacteroides sp.) in feces compared with the

control group (p < 0.05). There were no significant differences in mRNA expression of cytokine IL-6 and IL-10

between the control and L. lucidus fed groups. The fecal fatty acid composition in the L. lucidus group had

percentages of 4:0, 6:0, 8:0 and 10:0 in the intestine but those short chain fatty acids were not detected in the control

group. Our results showed that L. lucidus supplementation influenced gut environment by decreasing harmful

microflora and increased the percentages of several short fatty acids.

Introduction

Lycopus lucidus Turcz. (L. lucidus) is belong to A Lamiaceae
family herb and belongs a common plant in East Asia
including Korea and China. Roots of L. lucidus are consumed
routinely in salad and fermented foods as a functional food
(Lu et al., 2015) and have been traditionally used for healing
menstrual disorder and inflammation in Asia (Liu et al., 2019;
Fan et al., 2020). Bioactive polysaccharides, terpenes,
flavonoids, and phenolic compounds, which are rich in roots
of L. lucidus, are highly associated with antimicrobial (Yu et
al., 2011), antioxidant (Lu et al., 2015; Song et al., 2016; Yang,
2017; Lee and Lim, 2018), anti-inflammation (Park, 2019; Min
et al., 2021; Zhang et al., 2021; Kim et al., 2021a) and also
anticancer properties (Yu et al., 2011; Park et al., 2013; Kim et
al., 2018). Flavonoids are classified as a major class of
secondary metabolites and the most-studied group of
polyphenols in relation to antioxidant and anti-inflammatory
activities (Panche et al., 2017). In the intestine, flavonoids
may influence the composition of the microbiota and also
may be metabolized by the resident microbiota. The resulting

end-products may have a certain bioactivity, which will act
differently from those of the initial compounds (Braune and
Blaut, 2016). Espley et al. (2014) reported that the intake of a
high-flavonoid apple decreased some inflammation markers
and modulated gut microbiota when fed to healthy mice.
Duenas et al. (2015) suggested that the intake of polyphenols
can increase beneficial strains of Bifidobacterium and
Lactobacillus, in the gut while reducing pathogenic strains such
as Clostridium perfringens and C. bistolyticum. The frequent
consumption of polyphenols could modify gastrointestinal
environment with beneficial microorganisms. It has been also
widely reported that the gastrointestinal microbiota
composition is associated with improving human intestinal
health (Holscher, 2017). Many studies suggest that disturbed
gut microflora composition may affect the function of mucosal
immune system, resulting in intestinal inflammation (Tung et
al., 2011; Goldsmith and Sartor, 2014; Li et al., 2017).

One of our previous studies analyzed the total flavonoid
content of aceton+methylene chloride extract from L. lucidus
roots and showed a content of 233.2 mg/g (mg rutin
equivalent/g) (Lee and Lim, 2018). The extract from L.
lucidus roots had a scavenging effect towards 1,1-diphenyl-
2picryhydrazyl (DPPH) and 2-2’-azino-bis(3-rthlbenz-
thiazoline-6-sulfunic acid) (ABTs) radicals and decreased
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cellular reactive oxygen species production induced by H2O2.
Woo and Piao (2004) isolated two flavonoids, luteolin and
luteolin-7-beta-D-glucuronide methyl ester from root of L.
lucidus and these flavonoids exhibited antioxidative activity.
According to the current literature and our previous studies, L.
lucidus contains polysaccharides and flavonoids as active
compounds. However, the effect of L. lucidus supplementation
on fecal microflora and cytokine expression has not yet been
investigated. Thus, in this study, the changes in diversity and
composition of microbiota in feces were analyzed in L. lucidus-
supplemented mice. In addition, we evaluated the production of
major cytokines (IL-6 and -10) related with inflammation and
fatty acid composition in several tissues.

Materials and Methods

Animals and diets
Dried L. lucidus roots were obtained from Misan Inc. (Daegu,
Korea). Dried L. lucidus roots were extracted with boiled
water at 100°C for 2 h. The extract was centrifuged at 1000 g
for 20 min at 4°C and filtered with Whatman No. 3 filter
paper. The resulting supernatant was lyophilized to produce a
powder. Male Crj: CD-1 mice four weeks of age were
obtained from Samtako Inc. (Osan, Korea). As soon as mice
arrived at the laboratory, they were kept in habituation for
one week. Then twenty-six mice were randomly divided into
two groups of thirteen: The first group was the control group
that was fed on 5% palm oil (Herbnoori Inc., Daegu, Korea)
as a fat source (Control) (Table 1). The second group was fed
on diet with 20% powder of L. lucidus roots. L. lucidus root
extract contained 5% protein, 0.3% fat and 12.9%
carbohydrate. The diet composition was adjusted according to
the amounts of nutrients contained in L. lucidus root extract.
The composition of diets followed the AIN-93M (Reeves et
al., 1993). Customized diets were stored at –4°C, and fresh
supplies were given to the mice once every two days. Body
weights were measured once a week. Mice were maintained at
our thermo-hygrostat facility under conventional conditions of
controlled temperature (23 ± 1°C), relative humidity (65 ±
5%) and illumination (12-hours light:dark cycle). Two mice

per cage were housed and were allowed to free access to food
and water and maintained on these diets for 8 weeks. At the
end experiments, the mice were sacrificed by decapitation.
Intestine and mesenteric lymph node were removed and
stored at –70°C.

Measurements of microorganism using the 3M petrifilmTM

plate method
Feces were collected from three mice per each group before
feeding. Microflora analysis of mouse feces followed
recommendations from manufacturer 3M PetrifilmTM (Aerobic,
Lactic Acid Bacteria, and Coliform Count plates). 1 g of each
stool sample was weighed and diluted in 9 ml of phosphate
buffer saline (PBS) in a sterile test tube. Subsequently they were
homogenized in a Vortex shaker at 10−1 dilution, from which
the other dilutions were made up to 10−3. Then, 1 ml of the
10−3 of each sample was inoculated into a 3M PetrifilmTM,
respectively. Counting was performed after 24 and 48 hours of
incubation. For total microbial counts, all colonies staining in
various shades of red were counted. For ascertaining the
number of coliform and lactic acid bacteria colonies, only red
colonies with one or more gas-associated bubbles (within 1
colony diameter) were counted (Park et al., 2001). The
microbial counts were calculated as colony-forming units
(CFU) per milliliter sample according to the equation:

CFU per ml = (number of colonies x dilution factor of
plate)/aliquot plated.

The results will be expressed as log (CFU/ml).

DNA extraction and analysis of 16S rDNA gene sequences
To investigate the change of intestinal microbial composition,
we extracted DNA from feces (n = 1 per group) that collected
right before the sacrifice using DNeasy Blood & Tissue Kit
(Qiagen, CA, USA). DNA samples were prepared according
to sequencing company’s guideline. Next generation
sequencing (NGS) microbiome taxonomic profiling analysis
was performed by ChunLab Inc. (Seoul, Korea) using
EzBioCloud data base (Yoon et al., 2017).

RNA preparation and quantitative polymerase chain reaction
(q-PCR)
The total RNA from homogenized mesenteric lymph node
tissues was isolated with the use of a Minibest Universal
RNA Extraction Kit (Takara, Kusatsu, Japan) and performed
according to the manufacturer’s protocol. The total RNA
concentration has set to 476 ng and then synthesized using
Prime Script 1st Strand cDNA Synthesis Kit (Takara,
Kusatsu, Japan). qPCR was performed on cDNA samples
using the SYBR™ Green PCR Master Mix (Applied Systems,
IL, USA) and performed according to the manufacturer’s
protocol. Primers used were at Table 2. The thermal cycle
conditions were as follows: 50°C for 4 min and 95°C for 15
min of initial denaturation followed by 50 cycles at 95°C for
10 sec, 50°C for 20 sec, 72°C for 30 sec. This was then
followed by a melt curve analysis, in which the temperature
was 95°C for 20 sec, 60°C for 40 sec, 95°C for 15 sec.
Analysis used the sequence detection software supplied with
the instrument (StepOne Real-Time PCR System, applied
biosystems, IL, USA). The relative quantitation value is
expressed as 2− DcT, where DcT is the difference between

TABLE 1

The composition of experimental diets

Ingredients Diet group (g/kg)

Control L. lucidus Turcz.

Corn starch 488 462.2

Casein 200 190

Sucrose 150 150

Cellulose 50 50

Mineral 40 40

Vitamin 20 20

Methionine 2 2

Palm oil 50 49.4

L. lucidus Turcz.
Root

200
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the mean CT value of duplicates of the sample and of the β-
actin control (Kim et al., 2010).

Measurement of fatty acid composition
After the experiment, the mice were then decapitated.
Intestine and mesenteric lymph node were removed and
stored at –80°C. The lipids extracted from the tissues were
prepared (Kim et al., 2021b). The lipid extracts were then
transmethylated with 14% BF3-methanol at 100°C for 60
min using a modified version of the method employed by
Morrison and Smith (Morrison and Smith, 1964) that
involved the addition of hexane. Fatty acid methyl esters
were then analyzed by gas liquid chromatography (Varian,
CA, USA) as previously described (Salem et al., 1996).

Statistical analysis
All results were expressed as means ± the standard error of the
mean (SEM), with statistical significance determined by t-test
using the SIGMASTAT statistical program package (Jandel
Co., Erkrath, Germany).

Results

Food intake and body weight
At the start of the study, the body weight of the control and L.
lucidus. supplemented mice groups did not differ significantly.
The body weight increased gradually during the 8-week
period, and that of the control and L. lucidus-supplemented
mice was 43.9 ± 1.31 and 42.8 ± 1.40 g, respectively (Fig. 1).

The daily food intake of the control and L. lucidus-
supplemented mice was 7.0 ± 0.5 and 6.8 ± 0.00 g,
respectively. The food efficiency rate (FER) of control and L.
lucidus groups was 5.3 and 5.0, respectively.

Effect of L. lucidus supplementation on fecal microorganism
composition
Fig. 2 shows the community of fecal microbiota using 3M
petrifilm assay. Supplementation with L. lucidus significantly
reduced the counts of coliform and lactic acid bacteria in
the feces compared with that in the control (p < 0.05). 16S
rDNA sequencing data showed that supplementation with
L. lucidus decreased greatly the community of harmful
microflora (Enterobacteriaceae including E. coli, and
Bacteroides sp.) in feces compared with that in the control
(Figs. 3 and 4).

Effect of L. lucidus supplementation on cytokine expression in
mesenteric lymph node
The changes in cytokine expression patterns in stimulated
mesenteric lymph node are shown in Fig. 5. Mice
supplemented with L. lucidus had a higher mRNA expression
of IL-6 and a lower mRNA expression of IL-10 compared
with that in the control but the differences were not significant.

Effect of L. lucidus supplementation on fatty acid composition
in intestine and feces
There were marked differences in fatty acid composition of
intestine between the control and L. lucidus groups (Table 3).
The L. lucidus group had short chain fatty acids (SCFAs)
including 4:0, 6:0, 8:0 and 10:0 but there was no detection of
these SCFAs in the control group. In addition, the L. lucidus
group showed higher total saturated, n-6 and n-3
polyunsaturated fatty acids and lower total monounsaturated
(p < 0.05). Among n-3 fatty acids, the percentages of 20:3n-3,
20:5n-3 and 22:6n-3 were significantly higher in the
L. lucidus group than those of the control (p < 0.05). In the
mesenteric lymph node, the percentage of total saturated was
found to be significantly higher in the L. lucidus group, while
the percentage total monounsaturated was lower compared
with that in the control (p < 0.05) (Table 4). There was no
difference in the percentage of 6:0 between two experimental
groups. No differences were uncovered between the two
groups in terms of the percentages of total saturated,

TABLE 2

Primer sequences used in the study

Name Sequence (5'-3') Size

β-actin_F1 AAGATCTGGCACCACACCTT 20 mer

β-actin_R2 CCTGTGGTACGACCAGAG 18 mer

IL6_F TCTGGGAAATCGTGGAAATG 20 mer

IL6_R GGTACTCCAGAAGACCAGA 19 mer

IL10_F ATAACTGCACCCACTTCCCA 20 mer

IL10_R GGGCATCACTTCTACCAG 18 mer
Note: 1Forward primer. 2 Reverse primer.

FIGURE 1. Effect of supplementation
with L. lucidus Turcz. on body weight.
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monounsaturated, n-6 and n-3 polyunsaturated fatty acids
found in feces (Table 5).

Discussion

Healthy gastrointestinal microflora are characterized by high
numbers and diversity of bacteria (Vandeputter et al., 2016),
which interact with mucosal epithelium and are responsible
for normal substance metabolism, immune response, and
intestinal angiogenesis (Candela et al., 2014). In the current
study, we found that supplementation with L. lucidus
decreased the harmful microbiota in feces. Based on
sequencing of 16S rDNA gene of gut microbiota, the four
major phyla in the feces were identified to be Bacteroidetes,
Verrucomicrobia, Firmicutes and Proteobacteria, which are
consistent with our current results. Lactic acid bacteria are
known probiotics with many health benefits, including
improvement of normal microflora, inhibition of infectious
diseases, reduction of serum cholesterol, and alleviation of
intestinal bowel disease symptoms (Maldonado Galdeano et
al., 2007). However, in the present study, supplementation

with L. lucidus did not increase the population of lactic acid
bacteria. There were few studies on relationship between
L. lucidus intake and gut microorganisms. Xi et al. (2020)
studied stachyose, a oligosaccharide from Chinese artichoke
(Stachys sieboldii Miq.) tuber and found that its
consumption increased the proliferation of Bifidobacterium
and lactobacilli and decreased enteric bacilli.

Overproduction of cytokines are associated with lethal
diseases since cytokines can act not only locally to amplify
the cellular immune response, but also systemically to
change behavior, metabolism, and neuroendocrine
secretions (Johnson, 1997). T cells and macrophages secrete
IL-6 to stimulate the immune response, particularly in tissue
damages leading to numerous types of inflammatory
processes (McCurry et al., 1993). IL-10 has potent anti-
inflammatory properties and inhibits the Th1 cytokines such
as tumor necrosis factor (TNF)-α and interferon (IFN)-γ
(Mosmann, 1994). Bogert et al. (2014) suggested that some
pathogenic bacteria including Streptococcus and Veillonella
increased levels of cytokines IL-8, IL-6, IL-10, and TNF-α.
Costa et al. (2014) reported that treatment of betulinic acid

FIGURE 2. Effect of supplementation with L. lucidus Turcz. on bacterial composition of fecal samples using 3M petrifilm assay. The values
were represented as the mean ± SEM and *significantly different between the control and L. lucidus Turcz. groups at p < 0.05.

FIGURE 3. Effect of supplementation with S L. lucidus Turcz. on harmful bacterial community composition of fecal samples analyzed by
16S rDNA sequencing.
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from L. lucidus led to increased IL-10 and reduced TNF-α
expression but no alteration in IL-6 production. However, in
the present study, we failed to prove the modulating effect
of L. lucidus on cytokine expression of IL-6 and IL-10. A
limitation of this study is that it could not explain the causal
factor; therefore, the possibility that the resident microbes
influenced IL-6 and IL-10 levels remains. Moreover, IL-6 is
a pleiotropic property with pro and anti-inflammatory
cytokine (Costa et al., 2014). Soares et al. (1998) suggested
that vasoactive sand fly peptide inhibited inflammatory
action through increased IL-6 levels.

Under the activation by prebiotics including oligosaccharides,
bacteria produce a large amount of SCFAs, which reduce intestinal
pH value, prevent the growth of harmful bacteria and promote
intestinal peristalsis to accelerate the excretion of pathogenic

bacteria and toxins (Bogert et al., 2014). Yang et al. (2010)
isolated water-soluble polysaccharides from L. lucidus and
identified that its polysaccharides were composed of galactose,
followed by galacturonic acid, and nine monosaccharides. Lin et
al. (2012) also separated L. lucidus polysaccharides and reported
their anti-oxidation and anti-aging effects in aged mice induced
by D-galactose. An increase in the amount of some beneficial gut
microbiota can produce high SCFA and low ammonia contents
compared to other feed ingredients (Velazquez et al., 2000;
Topping and Clifton, 2001). Total SCFAs are produced in large
intestine through gut microbiota fermentation of plant-derived
complex oligosaccharides that have escaped digestion and
absorption in small intestine (Blachier et al., 2007). Acetate,
propionate, and butyrate are the most abundant SCFAs in
gastrointestinal tract, whereas formate, valerate, caproate, etc.,

FIGURE 4. The column chart
of genus classification of fecal
samples analyzed by 16S
rDNA sequencing.

FIGURE 5. Effect of supplementation with L. lucidus Turcz. on cytokine expression in mesenteric lymph node analyzed by quantitative RT-PCR.
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make up the remaining (Den Besten et al., 2013). Zhou et al. (2014)
reported that supplementation with soybean oligosaccharides
increased the concentrations of propionate, butyrate, and total
SCFA in the ileum and colon contents as well as those of acetate
and valerate. It has been known that SCFAs play an important
role in colon epithelium renewal as a fuel for colon epithelial cells
(Cotter and Hill, 2003). Therefore, we evaluated the fatty acid
composition in intestine and feces. As SCFAs, fatty acids of 4:0,
6:0, 8:0 and 10:0 were increased in intestine of mice with L.
lucidus. Thus, administration with L. lucidus would affect gut
environment producing SCFAs in our system.

The human intestine is a complex ecosystem of more
than 1,000 microbial species with a population of up to 104,
providing a good habit for these microorganisms (Sender et
al., 2016). Intestinal microorganisms are an important
bridge between diet and human health and plays a vital role
in maintaining the homeostasis of the human body diversity
of the species, the stability of the flora structure and the
balance of micro ecology (Uchiyama et al., 2019). The
human body lacks carbohydrate active enzymes, meaning
that most polysaccharides cannot be directly digested and
absorbed by the stomach and intestine, and thus pass
through to the colon (Chen et al., 2018). Polysaccharides are
fermented by specific intestinal microorganism to produce
SCFAs and other metabolites. SCFAs are easily absorbed
and exert beneficial physiological effects on the host such as
the prevention of type-2 diabetes, inflammatory bowel
diseases (IBD) and colon cancer (Song et al., 2021). Natural

TABLE 3

Effect of supplementation with L. lucidus Turcz. on selected fatty
acid composition in intestine

Control L. lucidus Turcz.

Fatty acids % by weight of total fatty acids

4:0 ND2 4.14 ± 0.13

6:0 ND 0.79 ± 0.06

8:0 ND 1.80 ± 0.17

10:0 ND 0.86 ± 0.06

12:0 0.02±0.04 1.00 ± 0.06*

14:0 1.15 ± 0.16 1.45 ± 0.07*

16:0 25.9 ± 0.68 19.3 ± 0.46*

18:0 6.40 ± 2.45 9.38 ± 0.50

20:0 9.36 ± 2.88 14.4 ± 0.34

22:0 0.71 ± 0.55 0.66 ± 0.10

24:0 ND 0.44 ± 0.05

Total Sat.3 48.2 ± 7.85 63.7 ± 1.02

14:1n-9 0.09 ± 0.08 0.84 ± 0.51

16:1n-9 9.93 ± 2.76 2.81 ± 0.24*

18:1n-9 39.1 ± 6.09 19.5 ± 0.87*

20:1n-9 ND 0.64 ± 0.15

22:1n-9 0.88 ± 0.46 2.21 ± 0.11*

24:1n-9 0.18 ± 0.15 0.42 ± 0.02

Total Mono.4 50.5 ± 8.34 29.7 ± 0.84*

18:2n-6 0.34 ± 0.11 0.60 ± 0.04*

18:3n-6 0.34 ± 0.26 1.21 ± 0.23*

20:2n-6 ND 1.28 ± 1.50

20:3n-6 0.02 ± 0.04 0.92 ± 0.07*

20:4n-6 ND 0.12 ± 0.21

22:2n-6 ND 0.40 ± 0.04

Total n-65 0.70 ± 0.33 4.52 ± 1.85*

18:3n-3 ND 0.56 ± 0.03

20:3n-3 0.02 ± 0.04 0.46 ± 0.16*

20:5n-3 0.17 ± 0.04 0.46 ± 0.01*

22:6n-3 0.46 ± 0.16 0.56 ± 0.08*

Total n-36 0.65 ± 0.16 2.60 ± 0.07*
Note: 1Data were expressed as mean ± the standard error of the mean (SEM),
n = 5. 2ND means not detected; 3Sat. means saturated fatty acids; 4Mono.
means monounsaturated fatty acids; 5n-6 means n-6 polyunsaturated fatty
acids; 6n-3 means n-3 polyunsaturated fatty acids. *p < 0.05, significant
effect between the control and L. lucidus Turcz. groups.

TABLE 4

Effect of supplementation with L. lucidus Turcz. on selected fatty
acid composition in mesenteric lymph node

Control L. lucidus Turcz.

Fatty Acids % by weight of total fatty acids

6:0 0.01 ± 0.01 0.02 ± 0.03

12:0 0.06 ± 0.05 0.04 ± 0.06

14:0 1.65 ± 0.03 2.05 ± 0.43

16:0 27.7 ± 0.85 30.7 ± 2.89

18:0 1.73 ± 0.09 1.85 ± 0.23

20:0 5.68 ± 0.59 7.16 ± 0.39*

22:0 2.29 ± 3.15 6.23 ± 0.47

24:0 ND 0.03 ± 0.04

Total Sat.3 40.6 ± 3.84 48.9 ± 2.41*

14:1n-9 0.17 ± 0.02 0.04 ± 0.07*

16:1n-9 12.7 ± 1.19 11.2 ± 0.90

18:1n-9 45.2 ± 2.54 38.0 ± 2.58*

22:1n-9 0.06 ± 0.05 0.04 ± 0.07

24:1n-9 ND 0.02 ± 0.03

Total Mono.4 58.4 ± 3.77 49.4 ± 3.40*

18:2n-6 0.50 ± 0.61 0.05 ± 0.08

18:3n-6 0.08 ± 0.07 0.06 ± 0.10

20:2n-6 0.06 ± 0.06 0.65 ± 1.08

20:3n-6 0.28 ± 0.06 0.22 ± 0.19

20:4n-6 0.01 ± 0.02 ND

22:2n-6 0.01 ± 0.01 ND

Total n-65 0.94 ± 0.42 0.97 ± 1.13

18:3n-3 0.04 ± 0.06 0.02 ± 0.03

20:5n-3 0.02 ± 0.03 0.02 ± 0.03

22:6n-3 0.01 ± 0.02 0.65 ± 1.05

Total n-36 0.07 ± 0.06 0.69 ± 1.03
Note: 1Data were expressed as mean ± the standard error of the mean (SEM),
n = 5. 2ND means not detected; 3Sat. means saturated fatty acids; 4Mono.
means monounsaturated fatty acids; 5n-6 means n-6 polyunsaturated fatty
acids; 6n-3 means n-3 polyunsaturated fatty acids. *p < 0.05, significant
effect between the control and L. lucidus Turcz. groups.
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polysaccharides can also suppress excessive inflammatory
responses by improving the intestinal microbiota
composition, strengthening intestinal barrier function, and
reducing pro-inflammatory mediators (Tang et al., 2019).
Thus, our hypothesis is that supplementation of L. lucidus,
which contains polysaccharides, would improve gut
microbiota composition, which may lead to increased
percentages of SCFAs and decreased pro-inflammatory
cytokines. We found that supplementation with L. lucidus
greatly decreased the community of harmful microbiota
including E. coli and Bacteroides sp. in feces. There were no
significant differences in mRNA expression of IL-6 and IL-10
in mesenteric lymph node after supplementation with
L. lucidus. Fatty acid composition analysis showed that
supplementation with L. lucidus resulted in increased
percentages of SCFAs (4:0, 6:0, 8:0 and 10:0). Many studies
have reported an increase in the population of potentially
harmful Enterobacteriaceae family in IBD patients, which
may lead to reduced SCFAs and dysbiosis condition in the
gut (Lupp et al., 2007; Morgan et al., 2012; Mukhopadhya et
al., 2012; Lavelle et al., 2015). The loss of beneficial microbes
that produce anti-inflammatory molecules provides a
favorable environment for the expansion of pathogens
(Baldelli et al., 2021). Because the associated mechanisms by
which L. lucidus intake influences gut microbiota
composition were not investigated in this study, the next step
will be to conduct an in-depth study on the mechanism
related to improvement in the gut environment.

The present study is first report to clarify the effect of
L. lucidus supplementation on 16S rDNA gene sequence of fecal
microflora. Public health and dietary guidance recommendations

focus on disease prevention and health maintenance. In this
context, we suggest that consistent intake of L. lucidus might be
associated with maintaining healthy gut function.
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