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a b s t r a c t

Background: Red ginseng extract boosts immunity against inflammation and cancer in the human body.
However, studies on the effects of red ginseng extract on the gut microbiome remain unexplored.
Methods: In 2019, the positive effects and changes in the gut microbiome after administering 1 pack (3 g)
of red ginseng extract per day to 53 adults aged 40 to 75 for 24 weeks were investigated. The gut mi-
crobial environment changes were qualitatively and quantitatively analyzed using next-generation
sequencing and real-time polymerase chain reaction technology.
Results: On comparing and analyzing alpha diversity and beta diversity, the microbial pattern showed
significant differences (OTUs p ¼ 0.003, chao1 p < 0.001, Bray-Curtis p ¼ 0.001) before and after ingestion
of red ginseng extract, indicating that gut microbial richness increased after ingestion. Moreover, after
comparing and analyzing the gut microbiome's differences after red ginseng extract intake, significant
differences were noted between three strains at the phylum level and among 57 strains at the genus
level.
Conclusion: This study proposes the potential use of red ginseng extract as a prebiotic after confirming its
positive effects, including increasing gut microbiome richness, reducing harm to the gut microbiome, and
increasing the number of some strains in the gut microbiome.
© 2021 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

At birth, the human intestinal tract is sterile, and at approxi-
mately 2.5 years of age, 1010 to 1012 intestinal bacteria per gram are
found in the intestines [1,2]. The role of these intestinal bacteria is
not fully understood. However, these bacteria form intestinal col-
onies that use all available nutrients, secrete inhibitory compounds
to protect against pathogens, thicken the mucous membrane, and
directly regulate antibody production [1,3,4]. In addition, some
intestinal bacteria are also involved in the metabolism and
fermentation of carbohydrates with short-chain fatty acids such as
acetic acid and butyric acid to provide nutrients for human host
cells [1]. Active research is being conducted on the roles of these
intestinal bacteria, and in particular, several studies over the past 10
years have changed the paradigm by showing that intestinal bac-
teria affect brain function [5]. The brain-gut-microbiome axis is a
comprehensive concept of biochemical signals and interactions
between the gastrointestinal tract, enterobacteria, and brain, and
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bidirectional interactions in the axis have been shown in recent
studies [5,6]. Thus, the brain regulates the autonomic nervous
system, local intestinal motility, intestinal passage, intestinal
secretion, and intestinal permeability, potentially affecting the
microbial community's structure and function. Studies have also
shown that intestinal bacteria's byproducts affect the onset of
various diseases such as irritable bowel syndrome, autism spec-
trum disorder, Parkinson's disease, and multiple sclerosis [5,7,8].
The leaky gut syndrome refers to the inflammatory and allergic
reactions caused by an impaired intestinal defense system, which
leads to increased permeability and penetration of the endotoxins
and antigens through mucosal cells [9]. Intestinal bacteria maintain
intestinal defense ability by maintaining the balance between
beneficial and harmful bacteria. Interruption of this balance may
cause leaky gut syndrome, which may ultimately lead to autoim-
mune diseases, such as type 1 diabetes and lupus, as well as in-
flammatory and allergic diseases [4,9]. In vivo studies have also
shown the role of intestinal bacteria; following transplantation of
stool from healthy patients and those with major depressive dis-
order in the mice kept in aseptic conditions, those that received
stool from patients with major depressive disorder showed higher
anxiety levels and depression-related behaviors [10]. Recently, due
to a plunge in the high cost of precision medicine and the ease of
is is an open access article under the CC BY-NC-ND license (http://creativecommons.
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Fig. 1. Flow chart and study design. CBC, complete blood cell count; BC, blood
chemistry; TFT, thyroid function test; GMA, gut microbial analysis.
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performing genetic analysis for the intestinal bacterial environ-
ment, many studies have analyzed the intestinal bacterial envi-
ronments and the effects of changes in this environment on the
human body [11,12].

Red ginseng extract has been traditionally consumed in several
Eastern countries [13]. Recent ongoing research has shown that
saponins, Rh2 and Rg3, components of red ginseng extract, increase
the human body's anti-inflammatory and anticancer immunity
[14e16]. Furthermore, in vivo and in vitro effects of red ginseng
extract on intestinal bacteria have been assessed since 1990 [17]. In
2014, the effects of red ginseng extract and Semen coicis on ulcer-
ative colitis were assessed [18]. Moreover, the effects of red ginseng
extract andmushrooms on type 2 diabetic mice's intestinal bacteria
were evaluated in 2015 [19]. As such, most studies have assessed
the effects of red ginseng extract on intestinal bacteria in animals
and patients. In a recent clinical study, ginseng extract was
administered with lactic acid bacteria, and the effects of culturing
said bacteria with red ginseng extract were assessed. Furthermore,
red ginseng extract was administered with a supplement for liver
improvement in patients with nonalcoholic fatty liver disease, and
the effects were compared in the treatment, control, and placebo
groups [20].

To study the effects of red ginseng extract on the gut micro-
biome and to investigate its potential as a prebiotic, red ginseng
extract was ingested for 24 weeks by subjects who met the inclu-
sion criteria, and changes in beneficial and harmful bacteria were
qualitatively and quantitatively observed by studying their effects
on the human intestinal bacterial environment. In particular,
changes in diversity at the genus and phylum levels were assessed.

2. Materials and methods

2.1. Study subjects

In this study, 53 men and women aged 40 to 75 years who
visited the Department of Family Medicine at a university hospital
for health checkups from June 2018 to May 2019 were randomly
selected. The exclusion criteria were: 1) those who were suspected
of acute diseases (severe infection, severe trauma, severe diarrhea,
etc.); 2) those who have received antibiotics for at least 1 month
within the last 6 months; 3) those who have a gastrointestinal
disease (inflammatory bowel disease, active peptic ulcer, etc.) or
have undergone gastrointestinal surgery (except for simple ap-
pendix or hernia surgery); 4) those who have taken dietary sup-
plements, such as lactic acid bacteria, or red ginseng extract within
the past year; and 5) those who are currently participating in other
clinical or human trials or have participated in clinical or human
trials within the last month. This study was conducted in confor-
mance with the ethical guideline from the 1975 Helsinki Declara-
tion and reviewed by the Institutional Review Board of the Catholic
Central Medical Center (approval number: UC18HESI0114;
ClinicalTrial.gov ID: NCT03865745).

Written informed consent was obtained from each subject, and
screening, such as blood tests, was conducted before administering
red ginseng extract. Body mass index was obtained by weight (kg)/
height (m2), and medical history, such as hypertension, diabetes,
and hyperlipidemia, drug history, smoking history, and alcohol
consumption history, was assessed using a structured question-
naire survey. The results were recorded after an interview with a
researcher. The subject was considered a smoker if they smoked
currently, regardless of smoking history. If the subject consumed
alcohol more than once a week, the subject was considered an
alcoholic. Blood pressure was measured using an automatic blood
pressure monitor (Jawon FT-500, Korea) twice at 10-min intervals
while seated, after at least 15 min of relaxation, and the median
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value was calculated. Venous blood was collected for blood tests
after 12 h of fasting. Total and differential leukocyte count, red
blood cell count, hematocrits, serum glucose levels, total choles-
terol, triglycerides, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol, and thyroid hormone were
measured. Following the screening, intestinal bacteria were
analyzed, and 1 pack (3g, Everytime®; Korea Ginseng Corp., Dae-
jeon, Korea) of red ginseng extract, consisting of Rg1, 0.60 mg; Re,
0.63 mg; Rf, 0.99 mg; Rh, 1.17 mg; Rg2s, 1.11 mg; Rb1, 5.10 mg; Rc,
2.07 mg; Rb2, 1.77 mg; Rd, 0.96 mg; Rg3s, 2.67 mg; and Rg3r, 1.32
mg; was administered once per day for 24 weeks. Analysis of in-
testinal bacteria was performed again 24 weeks later (Fig. 1).

2.2. Analysis of intestinal bacteria

The QIAamp Fast DNA StoolMint Kit (Qiagen, 2010, CA, USA)was
used to extract microbial DNA from human stool samples. The
extracted microbial DNA concentration was measured using a
Quantus Fluorometer (Promega, NY, USA), and the 16S meta-
genomic primers were used to amplify the 16S ribosomal RNA v3-
v4 region of microbial DNA using polymerase chain reaction (PCR).
AMpure XP beads (Beckman, CA, USA) were used to remove
primers and primer dimers from amplified products, and PCR was
performed using the Nextera XT Index Kit v2 (Illumina, CA, USA) to
attach dual indices and Illumina sequencing adapters to PCR
products. The concentration of purified PCR products was accu-
rately measured again using the Quantus Fluorometer. Each sample
was subsequently loaded onto theMiSeq Reagent v2 or v3 cartridge
and sequenced using MiSeq next-generation sequencing (NGS)
equipment (Illumina, CA, USA). Data obtained from NGS equipment
were first analyzed for the intestinal microbiome using MiSeq NGS
equipment. Data analysis was performed using Mothur (ver. 1.44.2)
or the QIIME program (ver.2). A unique sequence was selected and
aligned on the reference sequence, forming clusters for each
sequence. Last, intestinal microbial taxa were analyzed by classi-
fying sequences that formed clusters. These classified sequences
were analyzed by sequencing only those in the data to form oper-
ational taxonomic units (OTUs). Intestinal microbial taxa were
subsequently analyzed.

2.3. Statistical analysis

The number of samples was not calculated by a statistical
method, as there was no data on existing studies related to sample
size calculation. However, in a similar randomized, double-blinded,
placebo-controlled study on wrinkle improvements after admin-
istering mixed red ginseng root extract [21], type 1 procollagen
mRNA increased 94% and 7% on the baseline and placebo groups,
respectively, showing a statistically significant difference between
the two groups.

http://ClinicalTrial.gov
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Based on Cho et al.’s [21] findings, this current study assumed
that the intestinal flora's change in composition using NGS would
increase 94% from the baseline time point and allowed an error of
8%, which is within 16% of the 95% confidence interval, having an
increase of 83.0%e98.8% in the intestinal flora. Therefore, 47 sub-
jects were required; however, 53 subjects were calculated after
considering a 10% dropout rate. Following the screening, red
ginseng extract was administered for 24 weeks, and at the end, the
same tests were performed and analyzed for comparison.

A test of homogeneity for general and health-related charac-
teristics and screening items according to the gender of the subject
was performed using a t-test or Mann-Whitney U test and c2 test
(Fisher's exact test). Frequency (%), mean value, and standard de-
viations are presented. The difference between the measured
values related to the living body and the level of Lactobacillus in the
intestine measured before and after red ginseng consumption was
tested using parametric tests (two-sample t-test, paired t-test,
ANOVA) and non-parametric tests (Mann-Whitney U test, Kruskal-
Wallis H test) depending on the results of the normality test for
each measurement (Kolmogorov-Smirnov test). IBM SPSS Statistics
(version 25.0) was used for statistical analysis. Analysis of beta di-
versity was performed using PERMA-ANOVA, and analysis of
phylum and genus levels was performed using SILVA 132v. The
significance level of all statistics was set at p < 0.05.
3. Results

3.1. General characteristics of subjects

According to the gender of the study subjects, the mean age was
49.13 years for men and 48.05 years for women, with 37 subjects in
Table 1
General characteristics (including homogeneity by gender) of study subjects

Variable Classification n (%)

Age (year)a Mean ± SD
�49 37 (71.2)
�50 15 (28.8)

BMIaM(kg/m2) Mean ± SD
<23 10 (19.2)
23�, <25 21 (40.4)
�25 21 (40.4)

Alcohol No 23 (44.2)
Yes 29 (55.8)

Smoking No 44 (84.6)
Yes 8 (15.4)

Medication No 29 (55.8)
Yes 23 (44.2)

Hypertension No 43 (82.7)
Yes 9 (17.3)

Dyslipidemia No 40 (76.9)
Yes 12 (23.1)

Diabetes Mellitus No 49 (94.2)
Yes 3 (5.8)

CAD No 51 (98.1)
Yes 1 (1.9)

CHF No 51 (98.1)
Yes 1 (1.9)

CVA No 51 (98.1)
Yes 1 (1.9)

GI ds. No 49 (94.2)
Yes 3 (5.8)

Other diseases No 7 (13.5)
Yes 45 (86.5)

Based on two-sample t-test, c2-test.
BMI, body mass index; CAD, coronary artery disease; CHF, chronic heart failure; CVA, ce

a Mann-Whitney-sample t.
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their 40s (71.2%) and 15 subjects over the age of 50 (28.8%). The
mean body mass index does not have much difference between
genders, with 26.19 kg/m2 and 24.57 kg/m2 for men and women,
respectively. However, there was a significant difference in those
who drank alcohol, with 86.7% for men and 43.2% for women
(p ¼ 0.011). The results show that 53.3% of men and 0% of women
smoked (p < 0.001). There were no gender differences in hyper-
tension, dyslipidemia, diabetes, coronary artery disease, chronic
heart failure, cerebrovascular disease, or gastrointestinal diseases
(Table 1). Therefore, the correction of gender differences was not
considered in this study. Moreover, blood tests during screening
showed no specific abnormalities.
3.2. Differences in alpha diversity before and after red ginseng
intake

To analyze changes in the diversity of intestinal bacteria before
and after consumption of red ginseng, alpha diversity, which in-
dicates the diversity of microbial distribution in the sample, was
measured. Observed OTUs (p ¼ 0.003) and chao1 (p < 0.001)
significantly increased (Table 2, Fig. 2).
3.3. Differences in beta diversity before and after red ginseng intake

Beta diversity, which checks for similar sample diversity [22],
was analyzed before and after red ginseng intake. Significant dif-
ferences were noted in the microbial patterns in Bray-Curtis before
and after red ginseng intake (p ¼ 0.001). However, there were no
significant differences in unweighted UniFrac distance metrics,
weighted UniFrac distance, and Jaccard (Fig. 2).
Sex p-value

Male (n ¼ 15) Female (n ¼ 37)

49.13 ± 7.02 48.05 ± 7.03 0.591
10 (66.7) 27 (73.0) 0.740
5 (33.3) 10 (27.0)
26.19 ± 3.77 24.57 ± 3.34 0.132
0 (0.0) 10 (27.0) 0.077
8 (53.3) 13 (35.2)
7 (46.7) 14 (37.8)
2 (13.3) 21 (56.8) 0.011
13 (86.7) 16 (43.2)
7 (46.7) 37 (100.0) <0.001
8 (53.3) 0 (0.0)
7 (46.7) 22 (59.5) 0.594
8 (53.3) 15 (40.5)
9 (60.0) 34 (91.9) 0.052
6 (40.0) 3 (8.1)
10(66.7) 30 (81.1) 0.293
5 (33.3) 7 (18.9)
14 (93.3) 35 (94.6) 1.000
1 (6.7) 2 (5.4)
15 (100.0) 36 (97.3) 1.000
0 (0.0) 1 (2.7)
15 (100.0) 36 (97.3) 1.000
0 (0.0) 1 (2.7)
15 (100.0) 36(97.3) 1.000
0 (0.0) 1 (2.7)
15 (100.0) 34 (91.9) 0.548
0 (0.0) 3 (8.1)
1 (6.7) 6 (16.2) 0.658
14 (93.3) 31 (83.8)

rebrovascular accident; GI, gastrointestinal disease.



Table 2
Diversity and microbiome differences

Variable Before (M ± SD) After (M ± SD) Kruskal-Wallis H p-value
Observed OTUsa 171.85 ± 54.53 212.48 ± 75.26 8.4464 0.003
Chao1a 183.69 ± 60.16 244.04 ± 90.31 12.1428 <0.001
Pielou E. 0.7446 ± 0.0673 0.7380 ± 0.0579 1.1229 0.289
Simpsona 0.9441 ± 0.0422 0.9523 ± 0.0292 0.5301 0.466
Shannon 5.4825 ± 0.7455 5.6524 ± 0.6523 0.9009 0.342

Taxon Before (M ± SD) After (M ± SD) Kruskal-Wallis H p-value

Fusobacterium (BAD) 0.6044 ± 1.6369 0.4219 ± 2.4430 5.3045 0.021
Collinsella (GOOD) 0.5173 ± 1.7006 0.5905 ± 1.5190 4.1222 0.042
Anaerofilum (SCFA) 0.0010 ± 0.0046 0.0018 ± 0.0039 4.6843 0.030
Lactobacillus (PRO) 0.5388 ± 2.2972 1.2943 ± 4.7879 3.9555 0.046
Enterococcus (PRO) 0.0411 ± 0.2326 0.0716 ± 0.2052 5.4974 0.019

Based on the ANOVA.
Observed OTUs: Number of distinct features, Chao1 index: Estimates diversity from abundant data, Pielou's evenness: Measure of relative evenness of species richness,
Simpson's index: Measures the relative abundance of the different species making up the sample richness, Shannonelouovas: Accounts for both abundance and evenness of
the taxa present SCFA, short-chain fatty acids.

a Kruskal-Wallis H test.

Fig. 2. Differences in alpha diversity and beta diversity according to the pre-test. * Alpha diversity: (A) Observed OTUs, (B) Chao 1, (C) Pielou evenness, (D) Simpson, (E) Shannon. *
Beta diversity: Bray-Curtis, Method name: PERMANOVA, Sample size: 104, Number of groups: 2, Test statistic: 3.423, p-value: 0.001, Number of permutations: 999; (F) Three-
dimensional principal coordinates analysis plots using Bray-Curtis: Principal coordinates analysis depicting the beta diversity before and after ingestion of red ginseng BF:
before (G), AF: after (H), PC: principal coordinate (I).
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Fig. 2. (continued).
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3.4. Differences in phylum levels according to taxonomic
classification before and after red ginseng intake

According to the taxonomic classification of subjects before and
after red ginseng intake, a comparative analysis of different phylum
levels showed significant differences among the three strains
(Fig. S1). Fusobacteria decreased from 0.6158% ± 1.6365% to
0.4432% ± 2.4457% (p < 0.001; Fig. S2), while Patescibacteria
increased from 0.0410% ± 0.1316% to 0.0543% ± 0.1426% (p ¼ 0.008;
Fig. S3). In comparison, Verrucomicrobia decreased from
1.8669% ± 4.7497% to 1.4285% ± 4.0707% (p ¼ 0.030; Fig. S4)
(Table 3).
Fig. 3. Differential taxonomy: linear discriminant analysis (LDA) score. The reduction
of harmful bacteria and an increase in beneficial bacteria.
3.5. Differences in genus levels according to taxonomic
classification before and after red ginseng intake

In terms of taxonomic classification, differences in genus levels
before and after red ginseng intake were compared and analyzed.
At the genus level, the Kruskal-Wallis test showed significant dif-
ferences for 57 strains before and after red ginseng intake. In
addition, an ANOVA showed a significant difference at the corre-
sponding genus level, and statistical tests for strains with genus are
shown in Table S1 and Fig. S5. Moreover, Cetobacterium was not
detected after red ginseng intake in 12 subjects with Cetobacterium
(0.0099% ± 0.0294%). Thus, a significant difference was noted
before and after red ginseng intake for the Cetobacterium strain
(p < 0.001) (Fig. S6).
3.6. Differences in vibrio (genus-, species-level) according to
taxonomic classification before and after red ginseng intake

The results of analyzing species of strains were confirmed sig-
nificant (p < 0.001) in Vibrio for subjects before and after their red
ginseng intake (Table 3). In 23 of 52 subjects, Vibrio at the genus
level decreased from 0.06825% to 0.00045% after red ginseng intake
(p < 0.001; Fig. S7), and at the species level, Vibrio vulnificuswas not
detected after red ginseng intake in 23 patients (p < 0.001; Fig. S8).
Moreover, the harmful bacteria's reduction and beneficial bacteria's
increase were plotted based on each strain's differences based on
the linear discriminant analysis score, which analyzed data distri-
bution using log. The harmful bacteria that decreased were Akker-
mansia, Fusobacterium, Vibrio, Erysipelatoclostridium, and beneficial
bacteria that increased were Candidatus Saccharibacteria bacterium
UB2523, Coprococcus 1, Senegalimassilia, Allorhizobium, Lachno-
spiraceaeUCG_004, Enhydrobacter, Enterococcus, Ruminiclostridium
9, Corynebacterium, Weissella, Lactococcus, Lachnospir-
aceaeUCG_001, Enterobacter, Collinsella, and Lactobacillus (Fig. 3).
Table 3
Phylum and genus level difference according to taxonomic classification

Taxon (Phylum) Before (M ± SD)

Fusobacteria 0.6158 ± 1.6365
Patescibacteria 0.0410 ± 0.1316
Verrucomicrobia 1.8669 ± 4.7497

Bacteria; Proteobacteria;
Gammaproteobacteria;

Vibrionales; Vibrionaceae

Before (mean)

Genus Vibrio 0.06825
Species Vibrio vulnificus 0.06665

Based on Kruskal-Wallis H test, Figure: Statistical package (SILVA 132v).
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3.7. Comparative analysis of microbial strains before and after red
ginseng consumption

Comparative analysis of microbial strains before and after red
ginseng intake showed changes in Fusobacterium in 36 subjects. In
25 of the 36 subjects, Fusobacterium decreased (0.006%e7.17%) after
red ginseng intake, and increased (0.002%e17.43%) in 11 subjects.
On average, Fusobacterium decreased from 0.6044% ± 1.6369% to
0.4219% ± 2.4430% (p ¼ 0.021; Fig. S9). In addition, Collinsella was
altered in 48 subjects, where it increased in 31 subjects (0.004%e
10.72%) and decreased in 17 subjects (0.01%e9.27%). On average,
Collinsella increased from 0.5173% ± 1.7006% to 0.5905% ± 1.5190%
(p ¼ 0.042; Fig. S10). Meanwhile, Anaerofilum, which makes short-
chain fatty acids (SCFA), also increased from 0.0010 ± 0.0046 to
0.0018 ± 0.0039 on average (p ¼ 0.030; Fig. S11). Moreover,
Lactobacillus increased in 26 of the 45 test subjects (0.0002%e
32.54%) and decreased in 19 subjects (0.004%e4.16%), with an
average increase of 0.5388% ± 2.2972% to 1.2943 ± 4.7879%
(p ¼ 0.046; Fig. S12). Furthermore, Enterococcus was altered in 21
subjects. It increased in 17 subjects (0.007%e0.914%) and decreased
in 4 subjects (0.019%e1.60%), increasing from 0.0411% ± 0.2326% to
0.0716% ± 0.2052% on average (p ¼ 0.019; Fig. S13).
After (M ± SD) Kruskal-Wallis H p-value

0.4432 ± 2.4457 13.6573 <0.001
0.0543 ± 0.1426 6.9591 0.008
1.4285 ± 4.0707 4.7015 0.030

After (mean) Kruskal
-Wallis H

p-value

0.00045 26.049 <0.001
0 28.648 <0.001
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4. Discussion

Red ginseng extract was administered for 6 months, and
changes in the intestinal microflora before and after intake were
statistically analyzed. The observed OTUs (p ¼ 0.003) and chao1
(p < 0.001) of alpha diversity showed significant differences, indi-
cating a difference in richness before and after red ginseng intake.
Comparative analysis of beta diversity showed significantly altered
microbial patterns in Bray-Curtis before and after red ginseng
intake (p ¼ 0.001). Prebiotics are defined as a group of nutrients
with beneficial effects on the human body. They improve digestion
by stimulating intestinal bacteria's growth or activity in the large
intestine [23]. This study showed that the intestinal bacteria's
richness increased after red ginseng extract intake, which
confirmed the possibility of red ginseng extract as a prebiotic.

Comparative analysis of differences before and after red ginseng
intake showed significant differences among the three strains at
the phylum level. Fusobacteria are harmful and are associated with
colon cancer as they invade colon epithelial cells to enable their
survival and maintenance [24,25]. Here, Fusobacteria significantly
decreased (p < 0.001) and Patescibacteria, which prevents patho-
genic Escherichia coli O157 infection, significantly increased
(p ¼ 0.008) [26]. In addition, Verrucomicrobia, which is found in
increased amounts in patients with Parkinson's disease, affects
neurodegeneration via neuritis, significantly decreased (p ¼ 0.030)
[27]. At the genus level, 57 strains showed significant differences. In
particular, Vibrio, which was detected in 23 of 52 subjects before
and after red ginseng intake, significantly decreased (p < 0.001). At
the species level, V. vulnificus, which can cause wound infection,
diarrhea, and sepsis, was not detected in 23 subjects after red
ginseng intake. These findings follow previous reports by Na et al
[28], who showed the antimicrobial activity of red ginseng extract
against Vibrio. Moreover, a significant decrease in Fusobacterium
and a significant increase in Collinsella, which is beneficial for
producing short-chain fatty acids that correlate with the amount of
insulin circulating in the body [29], were observed. In addition, the
abundance of Enterococcus significantly increased (p ¼ 0.019).
Enterococcus is involved in the fermentation of dairy products,
meat, and vegetables. Moreover, it is used as a probiotic, defined as
living a microorganism that provides health benefits when
administered in appropriate amounts by the Food and Agriculture
Organization/World Health Organization. Enterococcus is effective
in relieving irritable bowel syndrome symptoms and antibiotic-
induced diarrhea and prevents various functional bowel diseases
[30,31]. Lactobacillus, which is commonly used as a probiotic and
has an antagonistic effect against pathogenic strains, also signifi-
cantly increased (p ¼ 0.046) [32,33].

In a recent study by Hong et al [20] on the association between
red ginseng extract, nonalcoholic fatty liver disease, and intestinal
bacteria, red ginseng extract was administered to hospitalized pa-
tients for 4 weeks. Decreases in aspartate transaminase, alanine
transaminase, and gamma-glutamyl transferase (g-GT or GGT) and
changes in intestinal bacteria were observed, suggesting that red
ginseng extract improved nonalcoholic fatty liver by changing the
composition of intestinal bacteria. In addition, they observed that
red ginseng extract increased Lactobacillus and decreased Verru-
comicrobia, suggesting red ginseng extract's positive effects on in-
testinal bacteria. These findings follow the results of the current
97
study. However, in this study, red ginseng extract was consumed for
24 weeks, which was 4 weeks longer than Hong et al.’s study [20].
Thus, relatively long-term effects were analyzed in the present
study. Moreover, Hong et al.’s study had the strength of being
conducted in an environment where lifestyle, including diet, can be
easily controlled for subjects. In general, red ginseng extract is
consumed in normal daily life; thus, the current study reflects the
same results.

This study is noteworthy as it is the first to qualitatively and
quantitatively confirm the positive effects of red ginseng extract on
changes in the intestinal bacteria, using the latest technology in
genetic analysis, besides the immunity and anti-inflammatory ef-
fects already known. Previous studies have assessed the effects of
red ginseng extract on intestinal bacteria in animal experiments or
specific diseases. In contrast, this study is meaningful as the effects
of red ginseng extract on intestinal bacteria in humans were eval-
uated. In conclusion, the possibility of red ginseng extract as a
probiotic was observed by assessing positive effects, such as an
increase in the richness of certain strains, a reduction of harmful
bacteria, and an increase of beneficial bacteria.

Other variables, such as lifestyle modification or diet, were not
controlled and are considered limitations of this study. Moreover, a
control group was not established due to the characteristics of the
intestinal bacterial analysis. However, clinical significance can be
found in that red ginseng extract can be consumed to give humans
beneficial effects with no dietary restrictions.

Future studies that control for the number of subjects, the
period of administration, control groups, lifestyle habits, and food
intake are considered necessary for studying the more diverse ef-
fects of red ginseng extract on intestinal bacteria in the human
body.
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