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Abstract

Introduction: Dietary fiber is one of the most important components of food. Fulfilling regulatory and nutritional functions
for the intestinal microbiota, it appears to be an essential ingredient for people with a sedentary lifestyle.

Aim: We hypothesized that regular intake of a snack containing high amounts of soluble fibre in parallel to a regular diet
may rapidly improve bowel habits with simultaneous elevation of synthesis of short-chain fatty acids (SCFA).

Material and methods: A total of 20 healthy volunteers, with a stool frequency of less than 3 spontaneous bowel movements

per week, completed a 14-day double-blind, parallel-arm, randomized clinical trial with the intervention comprising daily intake
of 2 doses (9.99% per 100 g or 13.91% per 100 g) of fibre. Food consumption was evaluated via 72-hour recall diaries at base-
line and after 14 days of intervention. Gastrointestinal symptoms (abdominal comfort, distension, bloating, flatulence, stomach
rumbling, number of bowel movements) were monitored via the IBS/VAS scale every day.

Results: We found that the elevated fibre intake improved bowel habits significantly (defecation frequency increased from
0.28 to 0.87 times/day; p = 0.0002) in both study arms. After 14 days of the trial, an increase in SCFA concentration (for whole
study group: acetic p < 0.036, propionic p < 0.019, and butyric acid p < 0.0012 compared to baseline parameters) with no adverse
gastrointestinal symptoms was reported.

Conclusions: Short-term, regular intake of a snack containing soluble fibre improves the SCFA synthesis and bowel habits in

healthy people living a sedentary lifestyle. The exact mechanism behind this observation requires further investigation.

Introduction

Digestive health plays an important role in daily
activity of a person throughout their life. Meanwhile,
many people experience a variety of gastrointestinal
complaints, which in consequence affect their quality
of life [1]. Constipation is one of the most common com-
plaints in the general population [2], a multifactorial dis-
order comprising infrequent bowel movements (usually
less than 3 per week) as well as straining, hard stools,
and a sense of incomplete defecation [3]. An increased
risk of chronic constipation (CC) is seen among individ-
uals with a sedentary lifestyle and persons consuming
a low-fibre diet [4]. Epidemiologically, women are affect-

ed 5 to 10 times more often than men (female-to-male
ratio of 2.2 : 1) [4, 5].

Dietary fibre is often suggested to maintain prop-
er digestive health [6]. Increasing the intake of die-
tary fiber is a simple way to regulate the defecation
process. Increased fibre intake results in changing the
consistency of faeces and increasing the intestinal
peristalsis and motility [7]. Dietary fibre is defined as
complex carbohydrates undigested with human diges-
tive enzymes [8]. On the other hand, fibre is an energy
source for microorganisms living in the intestinal niche.
During the microbial fermentation processes, synthe-
sis of several byproducts (e.g., short-chain fatty acids
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(SCFAs) — acetate, propionate, and butyrate predomi-
nantly) takes place. Some of them support the health
of colonic epithelial cells while the others play other
physiological roles, not only in situ [9, 10]. In 2015 Feng
et al. [11] showed that the numbers of Bfidobacteria,
Lactobacilli, and Methanogens were significantly de-
creased in the faeces and colonic mucosa of patients
after subtotal colectomy due to refractory constipation.
The authors depicted substantial differences in the mi-
crobiota metabolite pattern, especially the content of
SCFA in relation to colonic motility. The following year,
the same researchers documented a clear link between
the phenotype of constipation, levels of stool SCFAs,
and the expression of SCFA receptors (G protein-cou-
pled receptor 43 and choline acetyltransferase) in the
colon [12]. Along with these, a recent meta-analysis
demonstrated that skewed SCFA content, especially of
propionate and butyrate nature, may be the cause of
constipation in irritable bowel syndrome (IBS) patients
in comparison to healthy persons [9].

Aim

The aim of our study was to assess whether an
increased fibre intake mitigates symptoms of consti-
pation in persons with a sedentary lifestyle who are
otherwise healthy. For the purposes of the study we
enrolled a group of office workers with average bowel
movements less than once every 3 days. The interven-
tion comprised the increase of fibre intake (snacks bars
by 9.99% per 100 g or 13.91% per 100 g of added fi-
bre) in a short (14 days) period. We hypothesized that
such a dietary approach would lead to elevation of SCFA
synthesis without undesirable side effects, such as gas
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Figure 1. The study flow chart
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production or abdominal pain, resulting in increased
frequency of bowel movements.

Material and methods
Participants

Inclusion criteria were as follows: healthy adults
with a stool frequency of less than 3 spontaneous bow-
el movements per week. The persons were otherwise
healthy, without other complaints or with symptoms
persisting for the last 3 months. Because strict Rome
IV questionnaires were not used, we defined enrolled
individuals as those with (CC). Exclusion criteria were as
follows: i) change in bodyweight in the 3 months prior
to the study; ii) chronic use of antacids, proton pump
inhibitors or bulk laxatives; iii) history of major gastro-
intestinal surgeries; iv) antibiotics or probiotic supple-
mentation in the 3 months preceding the study; v) lack
of consent; and vi) a diagnosed psychiatric disorder.

We initially recruited 30 healthy adults for the
study, who met the eligibility criteria. Eight individuals
were excluded from the study due to normal defeca-
tion frequency (more than once every 3 days, n = 6)
or a diagnosis of celiac disease (n = 1). Finally, 22 peo-
ple were included in the study. After the intervention,
2 more subjects dropped out of the study (one because
of taste unacceptance, the other because of nausea).
Finally, there were 20 persons who successfully finished
the intervention. The study flow chart is presented in
Figure 1.

This project received ethical approval from the Eth-
ics Board of the Pomeranian Medical University (Reso-
lution no. KB-0012/139/18).

Study design

The study was conducted at the Department of Hu-
man Nutrition and Metabolomics of the Pomeranian
Medical University in Szczecin between October and
November 2019. This was a 14-day, single-centre, pla-
cebo-controlled, double-blind study. Participants were
randomly assigned to 1 of 2 groups, receiving 1 snack
(100 g) per day, comprising 1 of the following isocaloric
(257 kcal/100g) snack bars containing a higher or low-
er amount of fibre: Variant 1 — high-fibre bar contained
13.91% fibreper 100 g, whilst the content of low-fibre
Variant 2 (Control bar) was 9.99% per 100 g. The com-
position of the bar was tested in samples of different
batches of bars in an accredited external laboratory with
PCA (1095) and ILAC MRA certification (Jars S.A, Poland)

Randomization was carried out using researcher
randomizer computer software (https://www.randomiz-
er.org/). An investigator who was not involved with the
study generated the randomization sequence. Subjects
and study staff were blinded to the treatments, and the
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bars were supplied in identical white paper packets.
Subjects consumed the bars as a replacement for their
current snacks. One bar was consumed per day in all
groups to avoid gastrointestinal discomfort, as a meal
replacement with a glass (250 ml) of water or tea. All
the patients returned all empty packages to assess
compliance and actual intake after 7 and 14 days of
observation. The nutritional values of bars used within
our study are presented in Table I. Clinical examinations,
anthropometric body composition measurements, and
stool sampling were performed at the start of the study
and at the end-point. Body composition measurements
were performed using a Tanita scan (Hologic QDR 4500,
Hologic, Inc., Bedford, MA, USA).

Nutritional self-reported food intake
and gastrointestinal symptoms

Aside from the study bars, participants purchased
all their own food and were instructed to maintain their
current level of physical activity. Food pattern was con-
trolled by 72-h diet recall forms, which were collected
after 7 and 14 days of intervention.

Gastrointestinal (GI) symptoms (abdominal com-
fort, distension, bloating, flatulence, stomach rumbling,
number of bowel movements) were monitored via the
IBS VAS scale every day [13], following the instruction
of the authors’ questionnaire, regarding the data collec-
tion as well as calculating the results.

Collection of faeces

Freshly evacuated faeces were collected using a stool
kit provided by the investigators (Kalszyk, Poland). Sub-
jects placed their stool sample (at the beginning of the
study and at the end of the study (1-2 days after the
finish of consumption of the bars) and delivering it to
the laboratory within 24 h. Samples were stored at
—-80°C until analysis.

Isolation and measurement of SCFAs by
gas chromatography

First a 0.5 g faecal sample was suspended in a tube
containing 5 ml of water and mixed intensively for
5 min. Then the pH was adjusted to 2—3 with a 5M HCl
solution. Then samples were shaken for 10 min and
centrifuged for 20 min at 5000 rpm. After that, the su-
pernatant was filtered (@ 400 pm). Chromatographic
analyses with fused-silica capillary column (DB-FFAR
30 m x 0.53 mm x 0.5 um) were carried out using the
Agilent Technologies 1260 A GC system (with a flame
ionization detector (FID). The carrier gas was hydrogen
at a flow rate of 14.4 ml/min. The initial temperature
was 100°C (maintained for 0.5 min), then raised to

Table I. Nutritional values of bars used in the study

Bar ingredients Variant 1 Variant 2
Fibre (%) 13.91 9.99
Protein (%) 6.63 7.79
Total carbohydrates (%) 15.99 13.81
Digestible carbohydrates (%) 39.56 4433
Total fats (%) 4.95 5.45
Saturated fatty acids (g/100 g) 0.82 1.05
Sodium [mg/kg] 72.2 75.5
NaCl (%) 0.02 0.02
Ash (%) 1.70 1.60
Dry weight (%) 66.95 69.16

Energy value (KJ/kcal/100g) — variant 1 bar (1080/257); variant 2 bar
(1168/278). The sources of fibre in the snack bars were nuts, linseed,
oatmeal, and fruit pectin.

180°C (ramping of 8°C/min, maintained for 1 min, then
to 200°C (ramping 20°C/min), to finally reach 200°C and
be sustained for 5 min.

Statistical analysis

Due to the abnormal distribution of study variables,
we applied nonparametric tests, namely the Wilcox-
on-signed rank and U Mann-Whitney tests. The median
and IQR were presented as descriptive statistics. Med-
Calc ver.19.1.5 (Ostend, Belgia) was used for all statisti-
cal analyses. We adopted p-value < 0.05 as statistically
significant.

Results
Subjects’ characteristics

The study comprised a group of 20 healthy individ-
uals with a stool frequency of less than 3 spontaneous
bowel movements per week, with female predominance
(n =19), aged 40.6 5.4 years. At baseline and after
4 weeks the subjects underwent bioimpedance anal-
ysis to measure fat mass, lean mass, and percentage
body fat. Data regarding basic anthropometric indices
are presented in Table II. There were no significant dif-
ferences regarding these variables throughout the study
period.

SCFAs synthesis

Elevated fibre intake caused significant changes in
the content of SCFAs. The overall SCFA pool increased
significantly, in particular acetic (C:2), propionic (C:3),
butyric (C:4), C5:0, and C6:0, as shown in Table IIl.

Gastroenterology Review 2022; 17 (1)
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Table II. Baseline and endpoint characteristics of enrolled patients with a stool frequency of less than

3 spontaneous bowel movements per week

Variable Pre intervention Post intervention Paired differences
Median IQR Median IQR Median P-value*
BMI [kg/m?] 27.6 7.4 27.1 8.0 0.0 0.5
Fat mass (%) 32.6 18.1 3.3 10.15 0.0 0.9
Lean mass (%) 473 7.65 46.2 8.1 0.0 0.9
Total body water (%) 46.8 11.05 48.1 8.98 0.1 0.2

*Wilcoxon signed rank test, IOR — interquartile range.

Next, we studied whether the content of fibre in
the bars might have affected the synthesis of SCFAs.
We found that the more fibre was placed in a bar, the
more pronounced the fatty acid change was, but these
differences were not statistically significant. Due to
the low statistical power of the study, i.e., below the
recommended value of 0.8, we can assume that the
increased number of participants would justify this is-
sue (Table IV).

Gastrointestinal symptoms

When analysing a 10-degree VAS-IBS scale we found
no statistical differences in the intensity of abdominal
pain (before: 0.5, after: 0.583; p = 0.75), flatulence
(before: 1.556, after: 0.833; p = 0.44), gases (before:
1.778, after: 1.083; p = 0.41), nausea (before: 0.0, after:
0.556; p = 0.11), belching (before: 0.5, after: 0.056; p =
0.01), and the feeling of incomplete bowel movement

Table 1. Concentration of SCFAs measured before and after intervention

SCFA [pmol/g] Before the intervention (n = 20) After the intervention (n = 20) P-value*
Median IQR Median IQR
C2:0 99.6 63.2 137.6 109.09 0.00
C3:0 56.9 33.1 84.2 61.49 0.02
C4:0i 13.5 4.5 19.3 16.36 0.05
C4:0n 58.4 39.9 137.9 132.46 0.00
C5:0i 25.5 11.5 32.10 26.04 0.12
C5:0n 14.2 6.80 24.4 23.83 0.01
C6:0i 1.40 2.00 1.90 3.37 0.43
C6:0n 3.50 9.10 17.3 34.26 0.01
Total 297.1 96.3 500.6 395.59 0.00

*Wilcoxon signed rank test, IQR — interquartile range.

Table IV. Changes (endpoint vs. baseline) in concentration of SCFAs depending on the type of intervention

SCFA [pmol/g] BAR 13.91 g fibre (n = 11) BAR 9.99 g fibre (n = 9) P-value*
Median IQR Median IQR
C2:0 44.08 96.86 20.42 82.57 0.47
C3:0 21.99 52.19 15.68 85.22 0.91
C4:.0i 6.57 17.63 -0.399 14.35 0.52
C4:0n 89.93 112.48 31.42 110.03 0.21
C5:01i 9.99 32.08 -4.90 21.22 0.47
C5:0n 16.84 35.63 1.07 23.54 0.27
C6:0i -0.048 2.65 -0.03 5.11 0.85
C6:0n 16.05 44.01 3.16 12.43 0.14
Total 234.94 281.06 125.91 343.82 0.47

Gastroenterology Review 2022; 17 (1)
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(before: 0.33, after: 0.33; p > 0.99). Vomiting was not
observed in any of the groups at baseline or at the end-
point. These parameters did not change regardless the
amount of fibre intake (p = 0.96; p = 0.96; p = 0.19;
p =0.83; p = 0.8; p = 0.44, respectively).

The average number of bowel movements be-
fore the intervention was 0.28 (2 per week) and after
14 days of the study it was 0.872 (> 2 per week). The
difference was statistically significant (p = 0.0002).
However, there were no statistically significant differ-
ences in the bowel movements between the groups
consuming bars with 13.91% of fibre per 100 g (average
0.603) and 9.99% of fibre per 100 g (average 0.574).

Diet content

In both groups macronutrient intake was strictly
controlled and was not significantly different compared
to baseline variables, except protein and fibre intake,
as shown in Table V. As expected, we observed a low-
er intake of protein and higher intake of fibre after
14 days of the study.

Discussion

In our study we indirectly searched for a link between
microbiota byproducts — SCFAs — and constipation. We
observed an increase in the average number of bowel
movements after 14 days of consumption of a snack
containing soluble fibre. The difference was statistical-
ly significant. CC is a disorder with multifactorial and
poorly understood aetiology. Several studies have prov-
en that the microbiota composition in patients with CC
was altered in comparison to heathy controls [14, 15].
Therefore, constipation should be vulnerable to a di-
etary approach because the diet is the strongest factor
contributing to the gut ecosystem composition [16]. For
instance, in a study by Zhu et al. stool samples collected
from young patients (aged 35 years on average) with CC
contained significantly lower counts of Bifidobacterium
and Bacteroides [14]. A short-term (2 weeks) implemen-

tation of a probiotic VSL#3 improved clinical symptoms
of patients diagnosed with functional constipation (FC).
In contrast, Parthasarathy et al. [17] demonstrated no
difference in the abundance of particular bacteria at
the genus level in stools from patients with less than
3 bowel movements per week (aged 48 years on aver-
age) and healthy control groups. However, it has to be
underlined that the constipated group in this study in-
cluded individuals diagnosed with constipation predom-
inant or mixed type — IBS; thus, the results could were
biased by disease p phenotype [17]. Last year, Okhusa
et al. [18] elegantly concluded that the constipation-type
microbiota may be modulated with prebiotics and pro-
biotics or other microbiota-based interventions.

One of the most tested prebiotics, inulin, has its
own “activity” on bowel motility. Also, it was shown that
such a prebiotic supply had a strong impact on human
gut microbiota. A recent systematic review demonstrat-
ed that inulin was able to increase the abundance of
Bifidobacterium, Anaerostipes, Faecalibacterium, and
Lactobacillus parallelly with the decrease of Bacteroides
[19]. Therefore, the hypothesis adopted by our team in
the present study was that via modulation of gut mi-
crobiota composition along with its fermentation activ-
ity (SCFAs), due to increased fibre intake may improve
the frequency of bowel movements. Such a strategy is
a relatively simple and novel approach; to the best of
our knowledge, no other intervention comprising pre-
biotic supply in patients reporting less than 3 bowel
movements per week with no other symptoms exists
in Poland.

We were able to demonstrate that a prebiotic supply
elevated the content of SCFA in the stools of people
with chronic constipation in comparison to a healthy
group of Polish women without any defecation pro-
blems. As presented in a previous study by Skoniecz-
na-Zydecka et al. [20], the median concentration of
acetic acid (C:2) in stool reached 28.49 umol/g whereas
in our group (at the study beginning) it was equal to

Table V. The intake of nutrients before and after the prebiotic intervention

Variable Before (n = 16) After (n = 9) P-value*
Median IQR Median IQR
Energy [keal] 1758.16 534.94 1646.82 554.39 0.11
Water [g] 194331 951.86 1829.03 1482.53 0.25
Protein [g] 94.22 20.24 71.15 18.36 0.00
Fat [g] 55.15 25.08 55.97 36.00 0.31
Carbohydrates [g] 225.84 98.21 214.40 76.07 0.86
Fibre [g] 15.27 4.87 25.23 11.08 0.02

Gastroenterology Review 2022; 17 (1)
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99.6 pmol/g. Similarly, other SCFA concentrations in
stools of our participants were higher (compared to the
study by Skonieczna-Zydecka et al. [20]). Consequently,
we observed higher concentration of C:3 (propionate:
16.9 umol/g vs. 56.9 pmol/g in our study), C 4:0 | (iso-
butryrate: 4.7 umol/g vs. 13.5 umol/g in our study),
and C 4:0 n (butrytate: 20.8 umol/g vs. 58.4 umol/g in
our study), as well C 5:0 i (isovaleriate 0.9 umol/g vs.
25.5 umol/g in our study); C:5 n (valeriate 5.7 pmol/g
vs. 14.2 umol/g in our study), and C 6:0 (3.2 umol/g vs.
3.5 umol/g in our study). It seems that the higher SCFA
content observed among constipated patients may re-
sult from SCFA accumulation. This phenomenon may
be caused by limited transit time of the stool, and thus
elevated bloom of gut microbes, but this result requires
further research including gut microbiome analysis.

Different results were obtained by Kang et al. [21],
who studied healthy subjects (with normal bowel hab-
its) and subjects with FC. The total SCFA content did
not differ between groups, but they found that iso-bu-
tyrate (C:4i) was significantly higher in stool samples of
constipated subjects compared with healthy subjects.
However, it is difficult to compare our results to those
of Kang et al. [21] because a different method for SCFA
analysis — HPLC — was used in their work, while gas
chromatography was used in the present paper.

Our results are also partly different to the results
published recently by Chu et al. [22]. This Korean re-
search team supplemented chronically constipated
adults with prebiotics containing non-digestible carbo-
hydrates: inulin, lactitol, and aloe vera gel for 4 weeks.
Next, the authors analysed the gut microbiota compo-
sition, SCFA production, and serum endotoxemia mark-
ers. After the intervention with prebiotics, in contrast
to our current study, Chu et al. did not observe any sig-
nificant differences in SCFA concentration in stool. It is
worth emphasizing that in parallel the study demon-
strated significantly increased abundance of the faecal
butyrate producing bacterium Roseburia hominis and
reported improved stool frequency. The authors also
noticed a positive association between the dietary in-
tervention and bacterial lipopolysaccharide content and
its receptor CD14 (in serum). Chu et al. [22] used prebi-
otic UG1601 (soluble fibre in gel form) whereas we used
mixed fibre with soluble and non-soluble components;
these may explain the differences observed in our trial.

In our study an increased intake of fibre led to el-
evation of the synthesis of almost all SCFAs and ac-
celerated the intestinal peristalsis without unpleasant
gastric symptoms (bloating, pain, gas, belching). In
the American study a group of 49 healthy men and
32 postmenopausal women provided with a short-term
consumption of fibres from whole grain achieved pos-
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itive effects regarding SCFA concentration and stool
frequency [23].

One could ask how SCFAs the improvement of bowel
movement frequency among our patients — the data
in the literature states that SCFAs could play a positive
role in the regulation of frequency of bowel movements
by direct effect on stool bulkiness, pH of the stool, and
intestinal transit time [24]. The essential SCFAs released
through fermentation of resistant starches and fibre are
C:2 (acetate), C:3 (propionate), and C:4 (butyrate), and
their molar ratio of production in the colon is 60 : 25 : 15
[9]. SCFA metabolic functions include the following:
a) they act as factors reducing the pH in the colon
and in this way cause removal of bacterial pathogens,
b) they regulate the metabolism of colonocytes and the
immune system, c) they increase the tightness of the
intestinal barrier through specific receptors for SCFA
(GPR41 (FFAR3), GPR43 (FFAR2), GPR109a (PUMA-G)
[25]), d) they reduce endotoxaemia (associated with
dysbiosis), and e) they alter chemotaxis and phagocy-
tosis [9], all of which may lead to relief of constipation
symptoms [22].

Changes in the concentrations of colonic SCFAs is
a process that is difficult to understand because of its
high complexity and dynamics. The sensitive interaction
between the colon and microbiota may also control the
proportion and levels of SCFAs in the gut lumen [9].

Acetic acid (C 2:0) is a source of energy. In the liver,
acetate and butyrate are lipogenic [26]. Acetate (as well
as propionate and butyrate) appears to regulate hepatic
lipid and glucose homeostasis [26]. C:3 (propionate) has
been shown as a factor that mitigates the response of
innate immune cells toward bacterial stimulation; there-
fore, a higher content of C:3 in the gut may be due to its
relatively weak anti-inflammatory activity and incorrect
permeability of the intestinal barrier [27]. A meta-analy-
sis published recently reported the differences between
C:2 and C:3 concentrations in patients with constipa-
tion type irritable bowel syndrome (IBS-C) and chronic
constipation [9]. In IBS-C patients, both propionate and
butyrate were reduced in comparison to CC [9].

C:4 (butyrate) is the preferred fuel utilized by colon-
cytes [26]. The metabolite plays a pivotal role in main-
taining the gut-barrier function by enhancing mucin
secretion as well as the stabilization of tight junction
proteins, reducing the translocation of inflammato-
ry agents (LPS) [28]. Butyrate acts also as a histone
deacetylase (HDAC) inhibitor and a ligand for a subset
of G protein-coupled receptors [29].

The data on the physiological role of the other two
SCFAs: valeric (C5:0) and caproic acid (C6:0) are scarce.
C6:0 acid is known as a biomarker of Clostridium dif-
ficile presence within the gut microbiota in the infant
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gut. It is worth noting that even a small increase in the
daily fibre portion resulted in the regulation of bowel
movements. Interestingly, based on 72-h recall diaries,
patients ate less protein during the study. Reducing the
amount of these macronutrients was reported to reduce
the amount of putrefactive microbiota in the intestine,
which has a positive effect on metabolism.

Strengths: easy to implement protocol. Limitations:
lack of microbiota analyses, lack of assessment of gut
barrier markers.

Conclusions

Mixed fibre added to the regular diet for a minimum
of 14 days improved the bowel movements in persons
with CC along with modification of stool SCFA content.
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