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Abstract In order to evaluate the effect of daily con-
sumption of fruit and vegetable juice on the human
intestinal microbial community, we compared changes in
the gut microbiota and extracellular vesicles in human
feces and bowel, and skin symptoms at the baseline and
3 weeks post juice consumption of 22 participants. After
3 weeks of juice consumption, a significant increase in the
richness of microbiota (o-diversity, P < 0.05) was
observed. It was accompanied by an abundance in Fae-
calibacterium  (bacterial: from 1.62 £ 0.80% to
2.14 £ 0.72% and extra vesicle: 2.49 £ 1.49% to
6.06 + 3.07%; P < 0.05 in all cases). At the end of the
study period, there were reductions in body weight
regardless of sex (P < 0.05) and improvements of the
symptoms including diarrhea, constipation, fatigue, and
skin problems. Eating fruits and vegetables could help
modulate the profile of the fecal microbiota and alleviate
bowel and skin troubles, and fatigue.
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Introduction

Emerging insights have indicated that the alteration of the
genetic composition and metabolic activity of the human
gut microbiome may be an important mediator in the
pathogenesis of chronic diseases (Turnbaugh et al., 2009).
Patients with irritable bowel syndrome (IBS), which was
diagnosed by the symptom criteria, such as abdominal pain
and/or discomfort, and altered bowel habits, have been
reported to have a different composition of microbiota
compared to normal individuals (Rajilic-Stojanovic et al.,
2011). The disrupted microbial architecture has been
shown to be associated with clinical manifestation via
altered gut-brain axis, visceral hypersensitivity, altered GI
motility, epithelial barrier dysfunction, and immune acti-
vation (Bhattarai, 2017).

Diet is one of the most important factors affecting the
composition of gut microbiota. “Western diet” is rich in
animal proteins and fats, and sugars (Cordain et al., 2005),
but lacks fruits and vegetables (Grotto and Zied, 2010).
Fruits and vegetables are good sources of dietary fiber,
phytochemicals, ascorbate, folate, and omega-6 polyun-
saturated fatty acids (Orlich et al., 2013). Children fed
fiber-rich diets showed a significant richness in the mem-
bers of Bacteroidetes and a depletion in members of Fir-
micutes, when compared to those fed a Western diet (De
Filippo et al., 2010). A reduction of A. muciniphila and
Lactobacillus in those with high-fat diet has been reported
(Singh et al., 2017).

Although the link between diet and gut microbiota has
been studied extensively, the results have not been con-
sistent, and it is largely unknown whether the daily con-
sumption of just one cup of fruits and vegetable juice could
alter the architecture of the fecal microbiome.
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Meanwhile, bacteria secrete extracellular vesicles (EVs)
into the extracellular milieu (Kim et al., 2013; Zhou et al.,
1998). The EVs contain nanoparticles that play an impor-
tant biological function in intercellular communication by
transferring genetic information in the form of DNA and
RNA (Kim et al., 2013). Interestingly, Gram-positive
bacteria also secrete EVs (Lee et al., 2009). Recent evi-
dence has shown that bacteria-derived EVs could be etio-
logical agents for the development of inflammatory
diseases that were once believed to be non-infectious (Kim
et al., 2012). To the best of our knowledge, bacteria-
derived EVs have not been thoroughly evaluated.

On the basis of this background, using high-throughput
molecular approaches, we aimed to investigate the effect of
the daily consumption of just one cup of fruit and veg-
etable juice on the composition of the human fecal bacte-
rial and extravesicular microbiota. Additionally, we
investigated the alterations in bowel symptoms, skin trou-
ble, and the physical and mental energy.

Materials and methods
Participants

Subjects with abdominal symptoms related to pain or dis-
comfort, constipation, or diarrhea were recruited by
advertisements on online noticeboards (www.naver.com)
from May 2016 to August 2016. Most of participants
preferred meat-based diet.

Subjects who took medication including antibiotics and
probiotics during the previous 6 months, and those with
organic diseases or food allergies were excluded. Pregnant
and lactating women were also excluded. The methods
were conducted in accordance with the Helsinki Declara-
tion of 1983, and informed consent was obtained from all
of the subjects. The anonymized met genomic data and
questionnaire including details about intestinal symptoms,
skin trouble, and physical and mental energy were retro-
spectively analyzed. This study was approved by the
Institutional Review Board of Seoul National University
Bundang Hospital (B-1709-420-101).

Study protocol

Symptoms including bowel habits, skin trouble, and both
physical and mental energy were collected from the sub-
jects at baseline and at a 3-week time point. Subjects were
asked to record all of the food and drink intakes for 3 days
prior to baseline. The juice was made by Hurom Co., Ltd.
(Kimhae, South Korea) using an H-AA slow juicer. Slow
Squeezing Technology uses an auger to squeeze juice from
fruits and vegetables (similar to how a person would hand-
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squeeze an orange), instead of shredding with high-speed
blades like other conventional juicers and blenders, to
minimize the damage to ingredients and to preserve the
natural taste and nutritive content. The ingredients of the
juice and the total amount of juice consumed per day are
described in Table 1. The juice was delivered individually
to subjects every morning for 3 weeks, and the subjects
were instructed to maintain their usual dietary pattern
during the 3 days before their stool collection in week 3, as
far as possible.

Data and fecal sample collection

Trained interviewers collected general demographic and
clinical information, including age, sex, weight, height, and
information on health-related behaviors, such as smoking
and alcohol consumption, from the participants. At base-
line and week 3, fecal samples were collected and deliv-
ered in pre-weighed plastic containers for the analyses of
the gut microbiota.

Fecal samples were collected by the subjects at home,
stored below 0 °C, delivered to the sequencing company
(MD healthcare, Seoul, South Korea) within 24 h of col-
lection, and subsequently stored at — 80 °C. After thawing,
the feces were evaluated in 2 ways: as total feces and after
the isolation of EVs.

EV isolation and DNA extraction from human fecal
samples

EVs in human feces were isolated using a differential
centrifugation method, as described previously (Kang
et al., 2013). Metagenomic analysis was used to evaluate
the proportions of bacteria and bacteria-derived EVs in the
large intestine. Fecal samples were used to indirectly

Table 1 Ingredients, composition, and total dose of the juice con-
sumed per day

Variable Amount
Volume (ml) 400
Recipe, dry (g) Kale, 240
Broccoli, 80
Apple, 240
Lemon, 5
Fructose (g) 16.08
Glucose (g) 8.44
Sucrose (g) 2.06
Total sugar (g) 26.58
Total dietary fiber (g) 1.24
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evaluate the proportions of bacteria and bacteria-derived
EVs in the large intestine. Since fecal EVs comprise both
host-and bacteria-derived EVs, we amplified the EVs using
indigenous 16S ribosomal DNA (16S rDNA), which
encodes the 16S ribosomal RNA of bacterial genomic
DNA, to exclude host cell-derived EVs. Then, the bacteria
and bacteria-derived EVs were assigned to operational
taxonomic units (OTUs) using the amplified 16S rDNA.

Stool samples were dissolved in phosphate-buffered
saline and centrifuged at 5, 20, and 340g for 5 min each.
The supernatant fractions were pelleted once at
10,000 g for 30 min, then filtered through a 0.45-pm syr-
inge filter (Sartorius Stedim Biotech, Goettingen, Ger-
many), followed by filtration through a 0.22-um syringe
filter (Sartorius Stedim Biotech). The filtrates were then
subjected to density-gradient centrifugation in a Beckman
ultracentrifuge (Beckman Coulter, Fullerton, CA, USA) at
100,000 g for 2 h at 4 °C. The fraction between the 10 and
40% OptiPrepTM solutions (Sigma-Aldrich, St. Louis, MO,
USA) was taken, and EVs were prepared by centrifugation
at 150 000 g for 2 h at 4 °C using a Beckman ultracen-
trifuge. The EVs were diluted in phosphate-buffered saline
and stored at — 80 °C. The protein concentration of the
EVs was assessed by a BCA assay (Thermo Fisher Sci-
entific, Waltham, MA, USA).

Metagenomic analysis using bacteria and bacteria-
derived EVs

16S rDNA was amplified with the 16S_V3_F (5'-TCGTC
GGCAGCGTCAGATGTGTATAAGAGACAGCCTACG
GGNGGCWGCAG -3') and 16S_V4_R (5-GTCTCGTG
GGCTCGGAGATGTGTATAAGAGACAGGACTACHV
GGGTATCTAATCC-3") primers, which are specific for
the V3-V4 hypervariable regions of 16S rDNA. The
libraries were prepared using PCR products, according to
the MiSeq System guide (Illumina, USA) and quantified
using a QIAxpert (QIAGEN, Germany). Each amplicon
was then quantified, assigned an appropriate equimolar
ratio, pooled, and sequenced on a MiSeq (Illumina, USA),
according to the manufacturer’s recommendations.

Selection of 16S rDNAs and taxonomic assignments

Sequencing reads of high quality were retained after
checking both the score quality (average Phred score > 20)
and read lengths (> 300 bp). OTUs were defined using
UCLUST and chimeric sequences were eliminated using
USEARCH (Edgar, 2010); taxonomic assignment was
achieved using QIIME against the 16S rDNA sequence
database of GreenGenes 8.15.13 (Caporaso et al., 2010;
Lozupone et al., 2006).

Statistical analyses

Data are expressed as the mean (4 standard deviation) or
as percentages. The basic characteristics, including weight,
and the changes in the clustering characteristics, were
compared using a paired ¢ test with a Bonferroni correction.
All statistical tests were two-tailed, and a P value < 0.05
was considered statistically significant. Statistical analyses
were performed using the SPSS 21.0 statistical package
(version 21.0, IBM, Armonk, NY).

Results and discussion
Study population

Between May 2016 and August 2016, a total of 24 adults
were enrolled in the study. After excluding 2 adults who
declined to submit follow-up feces, the results from 22
adults were analyzed. The baseline characteristics of the
subjects are shown in Table 2. Among the 22 participants,
7 were male and mean age was 37.0 &+ 3.30 years. All of
them drank the juice every day for 3 weeks.

Alpha-diversity of fecal samples

The fecal microbiomes of 22 adults were analyzed by 16S
rDNA next-generation sequencing. The species diversity
within each microbiome sample (a-diversity) was evalu-
ated by the species-richness metric Chaol (Fig. 1) (Chao,
1984). Rarefaction curves (Chaol index) showing the
microbial community complexes in 22 samples on day O
[Fig. 1(A)] and day 21 (3 weeks post juice consumption)
[Fig. 1(B)] were obtained. On an average, no statistical
difference was detected in the composition of bacteria
[Fig. 1(C)], while a significant difference in the Chaol
metric for the EVs was detected at a sampling size of
26,818 OTUs [Fig. 1(D)], that is, a higher 16S rDNA
richness in EVs was shown on day 21, when compared to
the case for day O (P < 0.05). Similar to the present study,
children or adults living in rural areas consuming a fiber-
and vegetable-rich diet were reported to have more diverse
gut microbiota than those residing in the United States
consuming a Western diet (De Filippo et al., 2010; Yat-
sunenko et al., 2012). The loss of microbial diversity has
been shown consistently in several diseases including
Crohn’s disease, colorectal cancer, and even autism (Ahn
et al., 2013; Kang et al., 2013; Sha et al., 2013). Carroll
et al., (2012) has reported that the richness of 16S rDNA
sequences was significantly decreased in IBS patients,
unlike the case for healthy controls. Decreased alpha
diversity in IBS has been quite a consistent finding
(Bhattarai, 2017).
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Table 2 Characteristics and

symptoms of the 22 participants Variables Baseline After 3 weeks

at .bas.el%ne ..'md 3 weeks after Sex, male (n, [%]) 7 (31.82)

daily juice intake
Age (years, mean = SD) 37.0 + 3.30
Body weight (kg)
Total 68.96 £ 9.15 66.89 + 9.10*
Men 76.67 £ 9.44 73.78 + 10.56*
Women 63.18 £ 1.60 61.73 + 1.68*
Symptoms Improved Aggravated Not changed
Fatigue (n, [%]) 15 (68.18) 14 (63.63) 0 1
Diarrhea/constipation (n, [%]) 18 (81.81) 13 (59.09) 1 4
Skin problems (n, [%]) 10 (45.45) 9 (40.90) 0 1
Overall symptoms (n, [%]) 21 (95.45) 18 (81.81) 0 3
SD standard deviation
4P < 0.05 analyzed by paired t-test
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Fig. 1 Ecological diversity of the gut microbiome in the subjects.
The a-diversities (richness of 16S rDNA) were evaluated based on the
rarefied OTU tables. The sampling sizes were 10, 4478, 8946, 13 414,
17 882, 22 350, 26 818, 31 286, 35 754, 40 222, and 44 690 OTUs.
(A) Richness of 16S rDNA metric based on the Chaol method at
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baseline (left) and week 3 (right). (B) Mean values of o-diversities are
illustrated. Significant differences (asterisks) were observed at a
sampling size of 26 818 OTUs (P < 0.05, paired t-test). The bars
denote standard errors
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Fig. 2 The proportion of fecal bacteria and bacterial EVs at the
phylum level. (A) Bacteria, (B) bacteria-derived EVs, (C) proportions
of the representative phyla, and compositional change in (D) fecal
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bacteria and (E) bacterial EVs at the phylum level are listed. The
asterisks denote statistical significances
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«Fig. 3 The proportion of fecal bacteria and bacterial EVs at the
genus level. (A) Bacteria, (B) bacteria-derived EVs (C) proportions of
the representative genera, and compositional change in (D) fecal
bacteria and (E) bacterial EVs at the genus level are listed. The
asterisks denote statistical significances

Composition of fecal bacteria and bacteria-derived
EVs at the phylum level

Because diet is the most essential factor that alters the
composition and diversity of intestinal bacterial commu-
nity (Ley et al., 2008; Yatsunenko et al., 2012), the com-
positions of the fecal bacteria and EVs collected before and
after 3 weeks of juice-consumption were compared.

In the fecal sample on day 0, nine bacterial phyla were
mostly detected in the gut microbiomes of participants
[Fig. 2(A), (O)], including 4 frequently detected phyla
(Firmicutes, Bacteroidetes, Proteobacteria, and Acti-
nobacteria) and 5 minor phyla (Tenericutes, Fusobacteria,
Verrucomicrobia, TM7, and Cyanobacteria).

After consumption of the fruit and vegetable juice, the
bacterial composition of the feces changed, as reflected by
the 16S rDNA sequencing analysis [Fig. 2(B), (C)]. The
compositions of Firmicutes, Actinobacteria, and Bac-
teroidetes decreased as a proportion of total bacteria (mean
proportion of change in Firmicutes, Actinobacteria and
Bacteroidetes: from 38.45 + 22.28 to 21.86 £ 16.61%,
from 11.04 £631 to 7.63 +£4.13%, and from
13.73 £ 8.47 to 10.74 £ 7.42%, respectively; P < 0.05 in
all cases) [Fig. 2(D)], but the change in Actinobacteria was
not statistically significant. The reduction in the proportion
of Firmicutes led to a decrease in the Firmicutes-to-Bac-
teroidetes (F/B) ratio; however, this did not reach clinical
significance (mean + SD: 15.73 + 13.58 and
12.67 £ 19.25).

In contrast, the proportion of Proteobacteria, Verru-
comicrobia, and TM7 significantly increased (change of
mean proportions of above three phyla: from
27.93 + 17.49 to 50.09 £ 36.03%, from 0.30 &+ 0.36 to
0.60 = 0.75%, and from 0.08 + 0.04 to 0.03 £ 0.01%,
respectively) [Fig. 2(C)] (P < 0.05 in all cases). Compo-
sitions of other bacteria including Cyanobacteria,
Fusobacteria, and Tenericutes did not change significantly.

Many studies have focused on the impact of high-fat diet
on shaping gut microbiota. They have reported that high-
calorie diets induced an abundance of Firmicutes and a
reduction in Bacteroidetes (Cani et al., 2007; Hildebrandt
et al., 2009; Jumpertz et al., 2011). A reduction in the
number of Bifidobacterium in the colon has been observed
(Cani et al., 2007; Nava et al., 2012). Although the oppo-
site results have been reported in rural areas where meat
was rarely consumed, the effect of short-term dietary

intervention of vegetable or fruit is largely unknown.
Recently, Duque et al. (Duque et al., 2016) observed an
increase in Lactobacillus spp. and Bifidobacterium spp.
populations after the 14 days of orange juice intake.

With respect to bacteria-derived EVs, a total of 10
bacterial phyla were identified [Fig. 2(B), (C)]. The pro-
portion of Firmicutes’ EVs increased from 41.33 £ 24.11
to 49.45 £+ 38.74%, while that of Bacteroidetes’ EVs
decreased from 25.69 &+ 17.05 to 2091 + 17.64%
(P < 0.05) [Fig. 2(E)]. This resulted in an increase in the
F/B ratio from 4.13 £ 5.99 to 7.67 £ 10.67, but it was not
statistically significant. The following EVs showed
insignificant changes in the proportion (Actinobacteria,
5.92 + 4.03 to 4.93 + 3.85%; Tenericutes, 0.31 £+ 0.32 to

0.25 £+ 0.23%. Proteobacteria, 21.38 + 18.03 to
20.43 + 16.45%; Cyanobacteria, 1.35 +£ 1.87 to
0.54 + 0.47%; Verrucomicrobia, 0.70 £ 1.52 to

0.40 =+ 1.27%; TM7, 0.67 = 0.56 to 0.40 £ 0.37%; and
Acidobacteria, 0.33 £ 0.45 to 0.12 £ 0.07%) [Fig. 2(C)].

Composition of fecal bacteria and bacteria-derived
EVs at the genus level

At the genus level, it was difficult to assess all of the genera
and species due to the vast diversity; thus, we set a cut-off
of 1% bacterial occupancy. The bacterial components that
significantly increased in participants after the consump-
tion of the juice for 3 weeks, were Faecalibacterium and
Pseudomonas (from 1.62 4+ 0.80 to 2.14 & 0.72% and
from 1.29 4 0.96 to 8.50 £ 0.39%), respectively; P < 0.05
in both cases) [Fig. 3(A)—(D)]. Similarly, the proportion of
EVs from Faecalibacterium increased (2.49 + 1.49 to
6.06 £+ 3.07%, P < 0.05), while that of bacterial and
vesicular Bacteroides decreased (Bacteria: 10.06 £ 4.28 to
824 £ 3.72% and EV: 12.28 £ 7.98 to 9.47 £ 5.06;
P < 0.05 in all cases) [Fig. 3(D), (E)].

Induction of Faecalibacterium is a significant finding in
the present study. Faecalibacterium prausnitzii is sole
known species among Faecalibacterium and one of the
most abundant and important commensal bacteria of the
healthy human (Lay et al., 2005). This bacteria produce
beneficial short-chain fatty acids via fermentation of diet-
ary fiber. Growing evidence indicates that a reduction in F.
prausnitzii is associated with obesity, inflammatory bowel
diseases or depression (Fujimoto et al., 2013; Jiang et al.,
2015; Newton et al., 2015). Although we did not evaluate
microbiota at the species level, this genus could be F.
prausnitzii. Further identification study is warranted.

Otherwise, with regards to both bacteria and EVs, pro-
portions of the genera Weissella, Bifidobacterium, Strep-
tococcus, Enterococcus, Collinsella, Ruminococcus,
Cupriavidus, Blautia, Parabacteroides, Catenibacterium,
and Prevotella changed within a statistically insignificant
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range [Fig. 3(C)]. The proportion of other genera, includ-
ing Pseudomonas, remained stable when assessed from
EVs.

Changes in demographic characteristics
and symptoms

While many studies have focused on the effects of probi-
otics or different geographical diets on the composition of
fecal microbiota, we investigated the effects of a simple
consumption of a cup of fruit and vegetable juice on the
fecal microbiota, bowel habits, skin symptoms, and phys-
ical or mental energy.

After consumption of the juice for 3 weeks, body
weights decreased significantly from 68.96 & 9.15 kg to
66.89 + 9.10 kg (P = 0.001). This result was shown in
among both men and women (Men: 76.67 + 9.44 to
73.78 £ 10.56 and women: 63.18 £ 1.60 to 61.73 + 1.68,
all P < 0.05) (Table 2).

Of the 22 participants, 21 answered the symptom
questionnaires. Specifically, at the baseline, 15 participants
had chronic fatigue, 18 had diarrhea or constipation, and 10
had skin problems including atopic dermatitis. After
3 weeks of juice consumption, 18 of 21 (86%) participants
reported improvements in their major complaints. Table 2
shows the changes in each symptom.

Subgroup analysis for microbiota based on the symptom
change was not performed due to a small sample size. We
could not exclude the placebo effect of fruit and veg-
etable juice because this study is a single-arm study.
Nonetheless, because previous studies have consistently
reported a low number of members from the Faecalibac-
terium genus in IBS patients (Carroll et al., 2012; Liu et al.,
2017), the findings of the current study suggest a possibility
of a close association between the genus Faecalibacterium
and the improvement of symptoms. Further studies to
evaluate whether the modulation of the profile of fecal
microbiota contributes to the weight reduction or symptom
improvement are warranted.

Differences from previous literature

A decrease in Bacteroidetes or Bacteroides, known to be
positively associated with vegetable-rich diet, was a
somewhat unexpected result in the present study. It may
indicate that daily drinking one cup of vegetable/fruit juice
was not enough to make a large shift in microbiota com-
position to the signature under long-term veggie-rich diet.
Participants were instructed to continue their usual dietary
pattern, but unfortunately, we did not collect the food
diary.

The difference in Firmicutes’ compositional change
between EVs and bacteria is difficult to explain due to a
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lack of studies that evaluated the microbiota after segre-
gating the 16S rDNA of EVs from whole bacterial genetic
information. However, the discrepancy has been often
reported (Kang et al., 2013). The microbiota profile
assessed from EVs is not likely a simple alternative for the
microbiota profile assessed from stool. Recent evidence has
indicated that bacteria-derived EVs have key roles in the
intercellular communication between the host and com-
mensal microbes, thus reflecting their functional activity
(Chu et al., 2016). Given the recent emphasis on EVs as
key factors, the increment of Firmicutes’ EV might be a
compensation for the decrease in bacterial numbers, abrupt
gush out from dying bacteria or a simple result from par-
ticipants’ excessive consumption of “Western diet” during
a study period.

Apart from these hypothesis, the increase in a proportion
of Proteobacteria and pseudomonas was unexpected.
Although diverse prevalence of asymptotic colonization of
Psuedomonas has been reported (Somekh et al., 1996), the
increase in a proportion of pseudomonas could be related
with a contamination. Further studies regarding the true
physiologic role and clinical implications of EVs and
identification of increased Proteobacteria and Faecalibac-
terium at the species level are required. The small sample
size of the present study is a limitation.

In conclusion, our study shows that the intake of fruit
and vegetable juice for 3 weeks enriched the diversity of
the host fecal microbiota and increased the proportion of
bacteria of the genus Faecalibacterium and their EVs.
Dietary interventions, eating vegetables and fruits might
help alleviate bowel symptoms and fatigue. Well-con-
trolled studies, particularly in dietary aspect, with a large
sample size and evaluation of the true role of EVs are
needed.
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