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Abstract
Background  Functional Abdominal Bloating and Distension (FABD) is a multifaceted condition related in part to trapped 
gas, with changes in the intestinal barrier and small intestinal bacterial overgrowth (SIBO), which lead to gas production. 
Currently, there are no treatments targeting the etiology of FABD.
Methods  This double-blind, multicenter, randomized study evaluated the safety and efficacy of a product containing xylo-
glucan and pea proteins (XG + PP) compared with simethicone, both administered orally (three times daily) for 20 consecu-
tive days. Eighty-eight patients with FABD were randomly assigned to the two groups in a 1:1 ratio. Primary outcome was 
safety; secondary outcomes were (i) efficacy in alleviating the symptoms of FABD and (ii) efficacy in reducing SIBO, as 
assessed by hydrogen breath test (HBT).
Results  No Adverse Events or Serious Unexpected Adverse Reactions were reported during the study. XG + PP showed a 
faster onset of action and a significant reduction in bloating and abdominal pain compared with simethicone. At Day 20, 
XG + PP drastically reduced abdominal girth when compared with simethicone, with an average reduction of 4.7 cm versus 
1.8 cm. At Day 20, the XG + PP arm showed a significant reduction in HBT compared to baseline.
Conclusions  This study supports the evidence that FABD patients may benefit from a XG + PP-based treatment that acts 
on etiology and not just the symptoms.

Keywords  Functional abdominal bloating and distension · Simethicone · Pea protein · Tamarind seed polysaccharide 
(Xyloglucan) · SIBO

Introduction

Functional abdominal bloating and distension (FABD) is a 
common gastrointestinal disorder affecting 3.5–31% of the 
general population, and up to 75% of patients with constipa-
tion-associated irritable bowel syndrome [1–3]. As defined 
by the Rome IV criteria, FABD is characterized by recurrent 
symptoms such as abdominal fullness, a feeling of pressure, 
the sensation of trapped gas, and/or a measurable increase 
in abdominal girth [4, 5]. FABD symptoms vary in severity 
throughout the day—worsening during the day and stabiliz-
ing at night—and they can be exacerbated by poor lifestyle, 
such as eating heavy meals [6]. Bloating is an uncomfort-
able sensation that severely affects quality of life (QoL) and 
limits physical functions and daily activities such as eating, 
mobility in bed, and toileting [7].

Several possible factors contributing to the occurrence of 
bloating have been identified, including visceral hypersensitiv-
ity [8, 9], behavioral abnormal abdominal wall-phrenic reflexes 
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and perception [10, 11], abnormal gastrointestinal motility [8, 
12], pelvic floor dysfunction [13], and microbiome altera-
tions [14, 15]. There is growing evidence that carbohydrate 
and polyol intolerance, intestinal dysbiosis, and bacterial and 
methanogen overgrowth of the small intestine are involved in 
the pathophysiology of FABD [16, 17]. Indeed, bacterial over-
growth can trigger an inflammatory response in the intestinal 
mucosa and exacerbate the symptoms of FABD, contributing 
to intestinal barrier disruption [4, 18, 19].

Current treatment options for FABD include dietary 
changes, antibiotics, probiotics, and prebiotics; stimulants for 
motility and secretion of intestinal fluid; neuromodulators; pro-
kinetic agents; biofeedback; hypnotherapy [9, 20–22]; anti-
spasmodics [9]; and natural products (such as peppermint oil 
or Rikkunshito, a Japanese herbal medicine) [23–25].

Simethicone is an inert substance with antifoaming prop-
erties that alters the surface tension of gas bubbles [26], thus 
reducing the occurrence and intensity of flatulence and bloat-
ing [27]. While simethicone is commonly used to treat FABD 
to reduce gastrointestinal bloating, it only acts on the symp-
toms, and not the cause of the disease.

An ideal therapeutic approach could be based on treat-
ing the etiology of FABD to prevent the onset of symptoms. 
Recently, an innovative product containing a combination of 
xyloglucan (XG) and pea protein (PP) has been developed to 
act on the etiology of the disease by protecting the intestinal 
walls and preventing the adhesion and proliferation of patho-
gens. XG is a hemicellulose found in the primary cell walls of 
all vascular plants and is part of the human diet. Thanks to its 
‘mucin-like’ molecular structure, XG forms a protective film 
on the intestinal epithelium that can increase the resistance of 
the mucosa to intestinal pathogens and allow the restoration 
of normal intestinal function [28]. For this reason, XG has 
been used primarily to control and minimize gastrointestinal 
symptoms of various etiologies, such as abdominal pain and 
frequent defecation [29]. It has been shown that the efficacy 
of XG increases when it is co-administered with pea proteins 
(PP). In fact, PP and XG have been shown to act synergisti-
cally reducing intestinal hyperpermeability by restoring tight 
junction expression [18, 30].

Therefore, the aim of this multicenter, randomized, double-
blind study was to compare the safety and efficacy of XG + PP 
versus simethicone, in a cohort of FABD patients, to investi-
gate the possibility of an alternative treatment option that can 
address the causes—not just the symptoms—of the disease.

Materials and Methods

Study Design

This multicentre, double-blind, randomized, parallel-group 
study was conducted in four gastroenterology medical 

centers, three in Bulgaria and one in Romania. The study 
was conducted between December 2019 and June 2020.

The study was approved by Ethics Committee and 
conducted in accordance with the revised Declara-
tion of Helsinki. It was registered in the ISRCTN 
(ISRCTN70821789). Subjects were allowed to withdraw 
from the study at any time without giving a reason. Inves-
tigators could exclude participants for ethical reasons or 
if the treatment was considered harmful to the patients’ 
welfare.

Patients were enrolled by gastroenterology specialists 
or primary care physicians. Inclusion criteria were male 
or female subjects aged 18 to 65 years, with a diagnosis 
of functional abdominal bloating and distension according 
to the Rome IV criteria. All subjects were required to pro-
vide written informed consent to participate in the study 
prior to screening. Exclusion criteria included: pregnancy 
or breastfeeding; unwillingness to sign the informed con-
sent form; allergy or hypersensitivity to any of the prod-
uct ingredients; inability to participate to the study visits; 
health condition that in the opinion of the investigator, 
precluded participation in the study; diabetes, celiac dis-
ease; antibiotic treatment two weeks before the hydrogen 
breath test (HBT); and use of laxatives within two weeks 
before the HBT.

Using a computer-generated randomization scheme, 
subjects were selected in a 1:1 ratio to receive XG + PP or 
simethicone (Arkogas containing 257.5 mg simethicone, 
Arkopharma Srl) for 20 consecutive days. Treatments 
were administered orally three times daily according to the 
instructions of the product leaflet. To ensure double blinding, 
the capsules of XG + PP and simethicone were identical, and 
specific codes for the products representing the two groups 
were distributed to the centers. Allocation concealment was 
ensured by a third-party company. For this purpose, the 
retro-blister of both products was completely covered with 
a label and the two products were packed in neutral, identi-
cal, and labeled boxes. The label of each box was identical 
except for the randomization number. Each randomization 
number, along with the respective product code, was entered 
into the randomization list, which remained blinded until the 
end of the study.

Treatment adherence was monitored by counting the 
number of tablets. Patient demographic and medical data 
were collected at the beginning of the study. Subjects were 
examined four times: at baseline (Visit 1); after 2 days of 
treatment (Visit 2); after 10 days of treatment (Visit 3); and 
after 20 days of treatment (Visit 4, end of treatment). Sub-
jects underwent a hydrogen breath test at Visit 1 and Visit 
4. The following examinations were performed at baseline 
and at each study visit: abdominal circumference measure-
ment, general medical evaluation; concomitant medication 
recording and safety assessment.
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Study Objectives and Study Endpoints

The primary objective of the study was to evaluate the 
safety of XG + PP in adult patients with FABD. Safety was 
assessed by the occurrence of adverse effects during the 
study (frequency, severity, and association with study treat-
ments) and by clinical criteria and vital signs collected at 
each study visit.

As a secondary outcome, the clinical efficacy of XG + PP 
vs. simethicone was assessed by (i) patient self-assessment 
of symptoms on the Visual Analogue Scale (VAS) for bloat-
ing, abdominal pain, distension, flatulence, (ii) abdominal 
circumference, and (iii) SIBO.

The VAS scale ranged from “no complaints” (score 0) to 
“severe complaints” (score 10) and symptom severity was 
assessed before, 60, and 120 min after each administration 
of XG + PP or simethicone for 8 days. Measurements were 
usually taken in the morning before breakfast. Abdominal 
circumference was measured in centimeters at the end of a 
normal exhalation at each study visit using a circumference 
meter. To compare the clinical efficacy of XG + PP with that 
of simethicone in reducing SIBO, subjects performed the 
HBT at baseline and Day 20. The HBT was performed under 
fasting conditions before and after taking 50 g of glucose 
in 250 mL of water, following all recommendations of the 
European consensus for the HBT [31]. After glucose inges-
tion, breath samples were collected at 30-min intervals over 
a 2-h period. A positive HBT was defined as a 12 parts per 
million (ppm) increase in hydrogen concentration between 
peak and basal timepoints, within two hours of glucose 
ingestion. Clinically, an increase in HBT of ≥ 12 ppm over 
basal values signified a positive diagnosis of SIBO [31].

Statistical Analysis

A sample size of at least 44 randomly selected subjects per 
group (88 subjects total) was required to ensure a power of 
0.80 at a 5% significance level for the comparison of safety 
and efficacy between the XG + PP and simethicone groups.

Results were presented using descriptive statistics: 
mean ± standard deviation (SD) for continuous variables and 
absolute (n) and relative (percent) for categorical variables.

Exploratory statistical tests were performed to determine 
possible differences in clinical signs and symptoms of FABD 
between the two groups. To assess whether the therapy was 
successful in alleviating the symptoms of FABD, a paired t 
test was initially performed to measure differences between 
baseline and different time points (research visits) in the 
entire sample, without subdivision between study arms. 
Exploratory statistical tests were then performed to deter-
mine whether the treatments differed in their ability to 
reduce symptoms of FABD. After normality assessment, t 
tests, Mann–Whitney U, Δ2 and Wilcoxon signed-rank tests 

were performed. Clinical symptoms and signs of FABD 
were associated with variables such as age, sex, treatment 
dose, or other recorded variables. p < 0.05 was considered 
statistically significant. The software used was IBM SPSS.

Results

This study included a total of 88 patients randomly assigned 
to the XG + PP (n = 44) and simethicone (n = 44) groups 
between January and June 2020. Fifty-seven patients were 
female and thirty-one were male, and the mean age was 
45.27 (± 11.46) years in the XG + PP group and 40.68 
(± 12.01) in the simethicone group (p = 0.0733). The two 
study groups were homogeneous, and randomization did not 
result in significant differences in baseline data, as shown 
in Table 1. All patients completed the study and data were 
analyzed for safety and efficacy.

Primary Outcomes

No Adverse Events, Serious Adverse Events, or Serious 
Unexpected Severe Adverse Reactions were reported during 
this study, indicating that both treatments were safe and well 
tolerated. Vital signs measured before and after the study 
visits showed no statistically significant differences between 
the XG + PP and simethicone groups at day 0 (baseline) and 
day 20 (end of treatment).

Secondary Outcomes

Patient Self‑Assessment of Symptoms

Bloating  On day 1, improvement was observed as early as 
60 min after XG + PP administration.

Notably, within 120 min of XG + PP administration, 
patients reported significant symptom relief (p = 0.002), in 
contrast to patients taking simethicone (p = 0.1978). Com-
pared to simethicone, the results of the T test for 2 inde-
pendent means showed that XG + PP had significantly higher 
efficacy in reducing bloating symptoms, as early as day 2 
(p = 0.0364) with a 77.5% symptoms reduction by day 8 
(p = 0.0279).

Abdominal Pain  Patients reported subjective relief of 
abdominal pain within 60 min of taking XG + PP. On day 
1, within 120  min of XG + PP administration, patients 
reported significant symptom relief (p = 0.0009), in con-
trast to patients taking simethicone (p = 0.1770). Com-
pared to simethicone, two independent means T test results 
show that XG + PP was significantly more effective in 
reducing abdominal pain within 120  min as early as day 
2 (p = 0.0375). At day 8, abdominal pain was significantly 
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reduced by 58.8% compared to simethicone within 120 min 
of XG + PP administration (p = 0.0094).

Distension  In contrast to simethicone, two independent 
means T test results showed that XG + PP was significantly 
superior at day 3 in reducing distension within 120  min 
of administration, (p = 0.0333) with efficacy significantly 
maintained up to day 8 (p = 0.0137).

Flatulence  On day 1, patients reported improvement in 
symptoms within 60 min of XG + PP administration. Nota-
bly, patients reported significant symptom relief within 
120 min of XG + PP administration (p = 0.0018), in contrast 
to patients taking simethicone (p = 0.2149). While XG + PP 
and simethicone reduced flatulence by 61.2% and 29.2%, 
respectively, there was no statistically significant difference 
between the XG + PP and the simethicone groups from day 
0 to day 8, before and after administration (60 and 120 min).

The self-assessed measurement results for the four vari-
ables during the eight consecutive days of surveys are shown 
in Fig. 1.

Figure 2 shows the changes observed for each variable on 
day 1 at the three time points considered in the study, i.e., 
before, after 60 min, and after 120 min.

Abdominal Circumference

Subjects in the XG + PP and simethicone groups 
showed a reduction in abdominal circumference from 

day 0 (XG + PP mean: 95.50 ± 18.44  cm; simethicone 
mean: 92.59 ± 15.50  cm), to day 20 (XG + PP mean: 
90.80 ± 14.09 cm; simethicone mean: 90.75 ± 15.23 cm). At 
day 20, abdominal circumference decreased by an average of 
4.7 cm for XG + PP compared to 1.8 cm for simethicone. No 
statistically significant differences were observed between 
the XG + PP and the simethicone groups (p = 0.6169).

SIBO

Patients taking XG + PP for 20 days tested negative for SIBO 
at the end of the study (only 3 patients still had a positive 
diagnosis for SIBO). On day 0, a change in peak-basal HBT 
of 13.21 was observed in the XG + PP arm, indicating a posi-
tive diagnosis of SIBO. On day 20, a significant change in 
peak-basal HBT of 5.98 was observed, indicating that SIBO 
was no longer present (p = 0.00001, Table 2). On day 0, 
patients in the simethicone arm were diagnosed with SIBO 
(∆peak-basal HBT of 12.64) with no significant changes 
reported on day 20 (∆peak-basal HBT of 11.51) (23 patients 
had still a positive diagnosis for SIBO).

Discussion and Conclusions

Functional abdominal bloating and distension (FABD)   
affects patients’ quality of life. Treatment is often challenging 
because this condition is caused by multiple factors and can 
become chronic if not adequately treated [16]. The findings 

Table 1   Demographics and 
baseline characteristics

XG + PP (n = 44) simethicone (n = 44) p

Age (years) Mean ± SD 45.27 (± 11.46) 40.68 (± 12.01) 0.0733
Median (min–max) 45.50 (25.00–64.00) 40.00 (21.00–66.00)

Gender (n/N (%)) male 11/88 (12.5%) 20/88 (22.73%) 0.2814
female 33/88 (37.50%) 24/88 (27.27%)

Weight (kg) Mean ± SD 77.41 (± 12.09) 78.64 (± 16.22) 0.6917
Median (min–max) 78.00 (55.00–109.00) 74.50 (58.00—120.00)

Height (cm) Mean ± SD 168.16 (± 7.13) 166.89 (± 8.89) 0.4220
Median (min–max) 168.00 (155.00–186.00) 166.00 (150.00–183.00)

Systolic pressure Mean ± SD 128.98 (± 12.98) 127.93 (± 13.74) 0.7177
Median (min–max) 130.00 (110.00–170.00) 128.00 (110.00–180.00)

Diastolic pressure Mean ± SD 76.09 (± 14.59) 73.48 (± 11.50) 0.3588
Median (min–max) 76.50 (55.00–120.00) 71.00 (55.00–100.00)

BMI Mean ± SD 27.21 (± 4.47) 28.19 (± 5.23) 0.3530
Median (min–max) 26.60 (18.29–41.50) 28.50 (17.63–44.64)

Abdominal girth Mean ± SD 95.50 (± 18.44) 92.59 (± 15.50) 0.4304
Median (min–max) 90.00 (65.00–135.00) 92.00 (58.00–130.00)

Temperature Mean ± SD 36.42 (± 0.42) 36.53 (± 0.31) 0.1455
Median (min–max) 36.50 (35.40–37.30) 36.50 (36.00–37.40)

Medical history Yes 7 (7.95%) 4 (4.55%) 0.5073
No 37 (42.05%) 40 (45.45%)
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Fig. 1   Self-assessed measurement results for the four variables: (i) 
Bloating, (ii) Abdominal pain, (iii) Flatulence, (iv) Distension. Values 
(Mean ± SD) were expressed according to the Visual Analogue Scale 
(VAS; y-axis). Each graph shows the changes observed on the eight 
consecutive days of the surveys and at the three time points consid-

ered for each measurement on each day. Gray bars indicate patients 
treated with simethicone; black bars indicate patients treated with 
XG + PP (Xyloglucan and Pea protein). Asterisks (*) indicate signifi-
cant difference (significance at 5%) between XG + PP and simethi-
cone groups

Fig. 2   Self-assessed measurement for the four variables: (i) Bloat-
ing, (ii) Abdominal pain, (iii) Flatulence, (iv) Distension. Values 
(Mean ± SD) are expressed according to the Visual Analogue Scale 
(VAS; y-axis). The graph shows the changes observed for each varia-
ble on day 1 at the three time points included in the study, i.e., before, 
60  min, 120  min. Gray bars indicate patients treated with simethi-

cone; black bars indicate patients treated with XG + PP (Xyloglucan 
and Pea protein). Asterisks (*) indicate significant difference (signif-
icance at 5%) in VAS values between XG + PP before the adminis-
tration and after 120  min. No significant differences were observed 
when simethicone was considered
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reported here are of remarkable clinical significance, consid-
ering that FABD is a very common gastrointestinal disorder 
worldwide [1–3, 32]. When choosing the most appropriate 
therapeutic approach, rapid action and safety are essential 
aspects to consider, as FABD patients usually require long-
term treatment. This study shows that both treatments are 
well tolerated, as no adverse effects, serious adverse events, 
or serious unexpected adverse reactions were reported by 
patients or investigators during the study, as shown by the 
observation of normal vital signs at baseline and follow-
up. These results show that the safety profile of XG + PP is 
comparable to that of simethicone.

Here, XG + PP demonstrated a faster onset of action 
compared to simethicone in reducing bloating, abdominal 
pain, and flatulence. Moreover, only patients treated with 
XG + PP tested negative for SIBO, a known cause of func-
tional abdominal bloating and distension. Interestingly, a 
greater decrease in abdominal circumference was observed 
in the XG + PP group than in the simethicone arm.

Taken together, these results are particularly relevant 
given that patients suffering from FABD seek rapid symp-
tom relief, making XG + PP an attractive alternative solution 
to standard treatments. This is confirmed by the results of the 
HBT test which show a statistically significant difference in 
the XG + PP group at day 0 compared to day 20.

Our results are consistent with previous studies show-
ing symptoms improvement in patients with various gas-
trointestinal disorders treated with XG-containing products 
[30, 33–36]. Interestingly, de los Rios et al. [37] analyzed 
a cohort of 50 subjects with irritable bowel syndrome and 
demonstrated that a treatment containing XG and PP was 
clinically effective and safe in the long term, with a sus-
tained response over the duration of therapy. The therapeutic 
benefit of XG + PP in preventing FABD was also demon-
strated in an in vivo partial restraint stress model in which 
the product reduced visceral hypersensitivity and intestinal 
permeability [18].

XG + PP acts by creating a film-forming barrier that 
leads to a reduction of Small Intestinal Bacterial Over-
growth (SIBO) and FABD symptoms. SIBO is character-
ized by an excessively high bacterial population of more 
than 103 organisms/ml [38]. Bacterial overgrowth feeds on 
the undigested food in the small intestine and causes the 

fermentation of sugars and bile acids, producing hydrogen 
as a by-product. Hydrogen, in turn, is used by hydrogeno-
trophic archaea and bacteria to release methane and hydro-
gen sulfide, respectively, into the intestinal lumen [39]. In 
this context, XG has been shown to act as a physical barrier 
thanks to its “mucin-like” molecular structure and optimal 
mucoadhesive properties. In fact, XG has been shown to 
be able to protect the integrity of mucosal cells from vari-
ous damaging agents, such as microorganisms, allergens 
and pro-inflammatory compounds [28, 40]. Moreover, XG 
and PP have been shown to synergistically create a protec-
tive mechanical barrier over intestinal epithelial cells that 
improves the architecture of intestinal tissues, restores the 
physiological barrier property of the epithelia, and prevents 
adhesion and proliferation of gas-producing coliforms [18, 
30]. The present results contribute to support the importance 
of using mucomimetic agents to treat visceral hypersensitiv-
ity in colorectal distension, as they are effective and safe. 
In this context, Collins et al. pointed out that disruption of 
the balance between host and intestinal microbiota induces 
a range of changes in the mucosal immune system, from 
microscopic modifications to excessive inflammation, lead-
ing to alterations in gut sensory-motor function and immune 
activity [41].

Based on these findings, XG + PP may represent a useful 
etiology-based strategy for the treatment of gastrointestinal 
disorders by allowing the creation of a protective barrier 
that prevents the adhesion and proliferation of intestinal 
bacteria typical of SIBO, promotes the restoration of the 
integrity and functionality of the mucosal barrier, and helps 
the regulation of nutrient sensing. In contrast, simethicone 
acts via a completely different mechanism, decreasing the 
surface tension of gas bubbles in the gastrointestinal tract 
and facilitating their elimination, but is not effective in the 
treatment of SIBO [42]. Although few studies are currently 
available, they support the role of XG + PP in controlling 
bloating symptoms by regulating intestinal motility, gut 
flora, and visceral sensitivity.

These results are promising and highlight the importance 
of conducting larger studies with longer follow-up to con-
firm these preliminary findings. Because XG + PP addresses 
the root causes of the disease, its long-term efficacy may be 
greater than that of simethicone. Furthermore, the safety 
profile could be favorable for continued treatment, as 
XG + PP does not act through a pharmacological mechanism 
but simply works by mechanically protecting the intestinal 
mucosa. Given the efficacy of the product in treating bloat-
ing, we can consider XG + PP as a suitable therapeutic for 
patients suffering from general bloating. It would be interest-
ing to investigate other target populations such as patients 
with common bloating disorders. There are many plausi-
ble causes of abdominal bloating, and accurate diagnosis is 
not always possible. Thus, effective non-pharmacological 

Table 2   HBT mean value evolution from day 0 to day 20

XG + PP simethicone

Day 0 Day 20 Day 0 Day 20

HBT basal 8.95 
(± 2.77)

7.67 
(± 2.98)

8.40 (2.79) 7.38 (± 2.98)

HBT peak 22.16 
(± 3.16)

13.65 
(± 5.74)

21.04 (3.18) 18.89 
(± 6.04)
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treatment with a high safety profile may be appropriate even 
in the absence of a diagnosis.

XG + PP may also be useful for certain patient popula-
tions, such as pregnant women or the elderly, for whom drug 
treatment is not recommended. Although simethicone is a 
long-used agent, it has some limitations in terms of its mech-
anism of action, so there is an urgent need to find effective, 
safer alternatives [23–25].

In summary, this preliminary study provides evidence 
that FABD patients may benefit from XG + PP-based treat-
ment because it is safe and has a faster onset of action com-
pared to simethicone.
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