The Role of Prebiotics in Gut

Microbiome Health

Targeted Combination of Galacto-Oligosaccharides (GOS) and Whole Kiwi Extracts
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By processing these substances, which
A “prebiotic” is defined by the International Scientific are referred to as prebiotics, the gut
Association for Probiotics and Prebiotics (ISAPP, microbiota (GM) derives energy for
2016) as “a substrate that is selectively utilized by survival from the degradation of
host microorganisms, conferring a health benefit.” indigestible bonds in prebiotics (2). As
The concept therefore encompasses three key a result, prebiotics can selectively
components: the substance, the physiologically
beneficial effect, and the mechanism mediated by the

influence the gut microbiota (3), which
in turn affects intestinal functions such
microbiota (l)'. as metabolism, gut barrier integrity,
and the suppression of potential

pathogens (4,5).

Prebiotics therefore

represent a
promising approach for modulating
the gut microbiota, which may be
beneficial in supporting the treatment
of various health conditions.
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In order for a compound to be classified as a
prebiotic, it must meet the following criteria: (i) it
must be resistant to the acidic pH of the stomach,
not hydrolyzed by mammalian enzymes, and not
absorbed in the gastrointestinal tract; (ii) it must be
fermentable by the gut microbiota; and (iii) it must
selectively stimulate the growth and/or activity of
gut bacteria, leading to a health benefit for the host.
Based on these criteria, galacto-oligosaccharides

(GOS) can also be classified as prebiotics (6).

Adequate intake of prebiotics or dietary fiber is
increasingly recommended by public health
authorities as a means to maintain and improve
overall health. Prebiotic intake has been shown to
reduce the risk of chronic diseases such as
cardiovascular disease, obesity, type 2 diabetes,
inflammatory bowel disease, irritable bowel
syndrome, and metabolic syndrome.

The recommended daily intake of prebiotics (e.g.,
GOS) is 5 g for adults (ISAPP). The recommended
daily intake of dietary fiber (without prebiotic
effect) from foods is 28 g/day for adults, with
lower values for children (7). For the purpose of
preventing or mitigating the severity of the
aforementioned  chronic  diseases, long-term
consumption of prebiotics and dietary fiber is
recommended (1,7).

CLINICAL STUDIES

The interaction between the gut microbiota and the
mucosa may contribute to the
pathogenesis of various intestinal disorders, such as
irritable bowel syndrome (IBS) and inflammatory

intestinal

bowel disease (IBD), as well as extra-intestinal
conditions like metabolic syndrome. Therefore,
research has focused on the efficacy of a novel
prebiotic combining galacto-oligosaccharides and
kiwi extracts in modulating the colon microbiota to
alleviate the severity of symptoms associated with
these conditions.

Irritable Bowel Syndrome

Irritable Bowel Syndrome (IBS) is the most
common functional gastrointestinal disorder.

For many patients, IBS is a chronic disorder, and they
experience a significant decline in health-related
quality of life. The composition of the gut microbiota
plays an important role in IBS, with patients often
showing reduced levels of Bifidobacteria, Lactobacilli,
and Faecalibacterium prausnitzii (8).

Methodology

Forty-four patients with IBS-type symptoms (Rome |l
criteria) participated in a twelve-week, randomized,
placebo-controlled, double-blind study. Patients were
randomized to receive either 3.5 g of the prebiotic,7 g
of the prebiotic, or 7 g of placebo daily. Participants
were divided into three groups, and the course of the
intervention is shown in Figure 1. IBS symptoms were
monitored weekly and assessed using a 7-point Likert
scale. Changes in fecal microbiota, stool frequency,
and stool consistency were also evaluated (9).
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Fig. 1: Distribution of study participants into groups with assigned
doses of placebo (P) and prebiotic (GOS) over 12 weeks (adapted
from Silk et al., 2009).

Results

The  prebiotic  significantly increased fecal
Bifidobacteria (3.5 g/day, P < 0.005; 7 g/day, P < 0.001)
(Fig. 2). Placebo had no effect on the monitored
clinical parameters, whereas the prebiotic at a dose of
3.5 g/day significantly improved stool consistency (P <
0.05), reduced bloating (P < 0.05) and flatulence (P <
0.05), improved the composite symptom score (P <
0.05), and SGA scores (P < 0.05). The prebiotic at 7
g/day significantly improved SGA scores (P <0.05) and
anxiety levels (P <0.05) (9).

Conclusions

GOS acted as a prebiotic by specifically stimulating
gut Bifidobacteria and was effective in alleviating IBS
symptoms, suggesting that this prebiotic has
potential as a therapeutic agent.
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Obr. 2: Logl0 poctd sledované bakterialni skupiny Bifidobacterium spp.
v ramci sledovanych skupin, GOS - prebiotukum, (upraveno podle Silk et
al., 2009)

Metabolic Syndrome

Metabolic syndrome (MS) is a cluster of disorders—
including glucose intolerance, obesity, dyslipidemia,
and hypertension—that increase the risk of
cardiovascular disease, cancer, and type 2 diabetes
mellitus. In overweight adults, the gut microbiota is
altered toward a less beneficial composition, which
may be accompanied by inflammation. Prebiotics
such as galacto-oligosaccharides (GOS) can positively
modulate the gut microbiota and the immune system;
some may also help reduce blood lipid levels (10).

Methodology

A double-blind,
crossover study investigated the effects of GOS
supplementation on fecal microbiota, markers of
metabolic syndrome, and immune function in a
sample of 45 overweight adults exhibiting at least
three or more risk factors for MS (fasting glucose (> X
mmol/L), high blood pressure, dyslipidemia [low HDL
cholesterol (<1 mmol/L)], large waist circumference,

etc.) (10).
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Participants were randomly assigned to two groups:
one began the study with placebo (maltodextrin) and
the other with GOS, with both compounds provided in
powder form (5.5 g/day). The products were consumed
for 12 weeks, followed by a four-week washout period,
after which the groups crossed over to the opposite
intervention for another 12 weeks (10).

Results

After 6 weeks and at the end of the study, compared to
placebo, GOS increased fecal Bifidobacteria counts,
while the abundance of Bacteroides spp. and C.
histolyticum was lower. Additionally, the number of
Proteobacteria detected in stool samples tended to
be lower (P = 0.0019) with GOS intervention than with
placebo at week 12 (desired effects) (Table 1). The
concentration of calprotectin, an inflammatory
marker, was lower during the GOS intervention than
during the placebo intervention at both 6 weeks and
the end of the 12-week study (P < 0.0001). Plasma CRP
levels were also lower at the end of week 12 following
GOS administration (P <0.0012) (Fig. 3). Plasma insulin
levels tended to be lower during GOS intake compared
to placebo at week 6 (P = 0.008) and were significantly
lower at the end of the 12-week study period (P <
0.005) (Table 1). Furthermore, GOS intake led to a
reduction in total plasma cholesterol (TC) at the end
of the 12-week study (P < 0.001) (Table 1) (10).

Conclusions

Administration of GOS to individuals with metabolic
syndrome leads to a reduction in less beneficial
Proteobacteria and an increase in Bifidobacteria,

which . ) )
Fig. 3: Changes in fecal calprotectin and plasma

CRP concentrations in overweight adults during
GOS and placebo interventions over 12 weeks.
Values are presented as mean + SD, n = 45. Data
were analyzed using a mixed model, accounting
for period and sex effects and the interaction
between intervention and sex. After Bonferroni
correction for multiple testing, significance was
set at P < 0.0012. Asterisks indicate differences
from placebo at the respective time points: *P <
0.0001, **P < 0.0012. GOS (Adapted from: Vulevic
etal.,2013,10).
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Table 1: Plasma lipids, glucose, and insulin in overweight adults during 12-week GOS and placebo interventions (10).

Intervention/

trea.ltment HDL-C
period
mmol/L
Placebo
Before 62 =13 16 =07 14+ 04
week 6 63 = 1.1 18 =09 14 +03
week 12 62 =12 16 =07 14+ 04
GOS
Before 63 =13 16 =08 14 +03
week 6 61 +12 16 =077 14+ 03
week 12 59 +1.1% 15 = 06" 14+ 04

ratio
LDL-C Glucose Insulin TC:HDL-C
pmol/L
42 =11 5.2 +09 64.8 = 30.6 45 + 1.1
42 =11 54 +08 69.1 = 33.9 46 = 1.1
43 +10 56 =08 70.1 = 36.8 46 =13
42 =11 5.4 + 06 67.3 = 30.9 48 =13
43 1.0 he = 0.7 63.0 = 29.0 46 =10
41 +10 56 =07 58.1 = 29.7** 43 = 1.1*

Values are presented as mean + SD, n = 45. After Bonferroni correction for multiple testing, significance was set at P = 0.005. At the beginning of each
intervention period, no differences were observed between the two participant groups. The period-by-intervention interaction, tested for carryover effects, was
not significant and was therefore removed from the model. The sex-by-intervention interaction (P < 0.0001) and the main effect of sex (P < 0.005) were
significant only for triglycerides (TG) at week 12. Asterisks indicate differences from placebo at the same time point: *P <0.0001, **P < 0.005. B-GOS; HDL-C, HDL

cholesterol; LDL-C, LDL cholesterol; TC, total cholesterol.

It may have positive effects on immune response, as
evidenced by improvements in blood and fecal
inflammatory markers (CRP and calprotectin) and
increased fecal slgA secretion. Significant effects were
also observed on metabolic syndrome markers, such
as insulin and TC:HDL-C. Therefore, intervention with
GOS represents an attractive option for supporting
gastrointestinal and immune system health (10).

Inflammatory Bowel Diseases

Among the mechanisms underlying the health benefits
of prebiotics is the promotion of Bifidobacteria
proliferation. Research indicates that GOS increase
Bifidobacteria counts both in vitro and in vivo (11,12).
Bifidobacteria modulate pH through the production of
lactate and acetate, which contributes to butyrate
production via cross-feeding; compete with pathogens
for resources; and can favorably modulate immune
signaling (12). concentrations of
Bifidobacterium species are associated with reduced
numbers of dendritic cells producing interleukin-10 in
inflammatory bowel disease (IBD) (14).

Lower

Lower concentrations of Bifidobacteria have been
reported during gastrointestinal inflammation, as
observed in inflammatory bowel disease (IBD) and
in

subclinical inflammation, as observed in irritable
bowel syndrome (IBS) (13). The association between
low Bifidobacteria counts and inflammation
supports the theory that prebiotics may help reduce
inflammation by promoting the growth of
Bifidobacteria.

There are two main types of IBD: ulcerative colitis
(UC) and Crohn’s disease, which are chronic,
relapsing, and remitting inflammatory bowel
diseases with both genetic and environmental causes
(14).

Methodology

Seventeen patients with active ulcerative colitis (UC) (9
with distal/left-sided UC, 5 with proctitis, and 3 with
pancolitis) consumed 2.8 g/day of GOS for 6 weeks. At
baseline and after 6 weeks, gene expression
(microarray), fecal calprotectin (ELISA), microbiota
(16S rRNA), SCFAs (gas-liquid chromatography), and
clinical outcomes—including the Simple Clinical Colitis
Activity Index (SCCAI), gastrointestinal symptoms
(GSRS), and stool form (Bristol Stool Form Scale, BSFS)
—were measured (14).

Results

Gene expression in peripheral blood showed small fold
changes in seven genes, of which two are
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associated with the regulation of bacteria-induced
inflammation.  Six participants experienced a
reduction in fecal calprotectin of 100 pg/g or more,
while three showed an increase of 100 ug/g or more
(14).

Patients with UC reported improvements in stool
consistency, reduced frequency and severity of
loose stools, and decreased urgency following 2.8
g/day of GOS for 6 weeks (14).

Another placebo-controlled study investigating the
effects on gut function, as well as confirming the
hypothesis regarding the role of GOS in reducing
inflammation, is necessary to determine whether GOS
is a useful adjunctive therapy for active UC.

Subgroup analysis of patients with lower disease
activity showed an Bifidobacteria,
suggesting that prebiotics may primarily stimulate
bifidogenesis in less inflamed intestines (14).

increase in

Conclusions

Gene expression in peripheral blood showed small fold
changes in seven genes, two of which may be
associated with the regulation of bacteria-induced
inflammation; however, adjustment for multiple
testing revealed no significant differences in gene
expression. Patients with UC reported improvements
in stool consistency, reduced frequency and severity of
loose stools, and decreased urgency following 2.8
g/day of GOS for 6 weeks. A controlled study
investigating the effects on gut function is necessary to
determine whether GOS is a useful adjunctive therapy
for active UC.

Functional constipation

Golden kiwi is an excellent source of vitamins (A, C,
and E), minerals (potassium), fiber, and polyphenols.
Several clinical studies have demonstrated its efficacy
in reducing the severity of constipation in healthy
individuals (15,16) and in patients with IBS (17), as
well as increasing the abundance of commensal
bacteria and improving

aspects of immune function. Low levels of F.
prausnitzii are associated with a range of gut disorders,
including IBS, atopy, diabetes, and IBD. Increasing the
abundance of F. prausnitzii in the colon may help
symptoms of gastrointestinal disorders,
potentially through enhanced butyrate production, which
serves as a preferred energy source for intestinal cells and
exerts anti-inflammatory and immunomodulatory effects
(18,19).

alleviate

It is assumed that the unique combination of soluble and
insoluble fiber, polyphenols, and the enzyme actinidin
present in kiwi provides this and other health benefits.
These extracts, in powdered form, are obtained from
whole golden kiwi (Actinidia chinensis “Zesy002”), from
which the peel and seeds are removed, and the remaining
pulp is cold-processed for use in foods and dietary
supplements (19).

Methodology

In two randomized, double-blind, placebo-controlled
studies, the effects of golden kiwi extracts and their
nutritional components were investigated on stool
frequency and form, as well as gastrointestinal
comfort in healthy and functionally constipated
individuals (Rome Il
constipation C3) over the study period. The studies
also examined the impact on microbial composition
and metabolism in the colon.

criteria for functional

CSBM (complete spontaneous bowel movements)
scores were measured, along with stool form
according to the Bristol Stool Form Scale (BSFS),
constipation symptoms, and quality of life (QoL) (18).
The exact prebiotic potential of golden kiwi extracts
was also assessed by evaluating changes in
participants’ fecal microbiomes and alterations in
butyrate concentration (18,19).

Results

Kiwi extracts improved CSBM scores by >1 per week
compared to baseline, as well as BSFS scores,
constipation and participant-
reported quality of life. The relative abundance of F.
prausnitzii also increased, along with counts of
saccharolytic bacteria of the genera.

symptom  scores,
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The relative abundance of Christensenellaceae (p =
0.033) and Ruminococcus spp. (p = 0.018) also
increased, indicating ongoing fermentation (the
desired effect), but without increasing the numbers of
bacteria that cause excessive gas production
(hydrogenotrophs). The counts of these bacteria
decreased compared to baseline (Blautia spp., p =
0.0021-0.038; Streptococcaceae, p = 0.012; Faecalitalia
spp., p = 0.044). Symptom scores, including bloating,
flatulence, and abdominal pain, also improved (18).

An increase in F. prausnitzii abundance was also
demonstrated in a second study (a 3.6% increase) after
a 4-week supplementation period. SCFA, particularly
butyrate, concentrations increased (Fig. 3), as did the
overall abundance of Bifidobacteria (19).
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Fig. 3: Butyrate concentrations in stool samples in response to four
treatments in the functional constipation group, measured by GC
and expressed in pmol/g of stool. \\, before supplementation; H,
after supplementation; L, low dose; H, high dose. Values are means
with standard errors represented by vertical bars (P < 0.05)
(Adapted from Blatchford et al., 2017).

Conclusions

Clinical studies with daily consumption of 600 mg of
kiwi extracts indicate a statistically significant increase
in F. prausnitzii and other saccharolytic bacteria, an
increase in butyrate concentration, and improvements
in constipation symptoms and quality of life
indicators, such as reduced bloating and overall
discomfort. In line with reduced bloating, a significant
decrease in the relative abundance of hydrogenotrophs
of the genus Blautia was observed. These findings also
have clinical relevance, as stimulation of butyrogenic
bacteria growth could have beneficial implications for
patients with ulcerative colitis.

Future work to confirm these findings could include
in vitro studies to measure butyrate production and
the stimulation of F. prausnitzii growth.
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improves symptoms of functional
digestive disorders

supports beneficial gut bacteria

improves quality of life

POWERbiom+® contains a combination of
GOS and kiwi extracts with scientifically
proven effects on functional digestive
disorders (advertisement).

These statements have not been evaluated by the Public
Health Authority of the Slovak Republic. Neither the
information provided nor any of the formulas mentioned
are intended to diagnose, treat, cure, or prevent any
disease.
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