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ABSTRACT

Background: Constipation-predominant irritable bowel syndrome (IBS-C) mainly affects females, and dietary interventions for symptom
relief often yield poor results because of low patient adherence. The development of functional food products enriched with dietary fibers
may increase patients’ adherence to a healthy diet and relieve IBS-C symptoms.

Objective: This proof-of-concept, open-label, randomized controlled pilot study is aimed to evaluate the efficacy of kombucha enriched
with inulin and vitamins in females with IBS-C.

Methods: Forty females with IBS-C were randomly assigned to receive either 220 mL of kombucha enriched with inulin (2.53 g/220 mL)
and vitamins (B1 - 0.59 mg, B2 — 0.55 mg, B3 — 5.9 mg, B6 — 0.7 mg, and folic acid — 81.4 pg/220 mL) or water for 10 d. Stool frequency,
Bristol stool scale score (BSSS), and abdominal symptoms were evaluated using a 5-point Likert scale on days 5, 9 and 14 of the study. The
palatability of the drink was assessed using a visual analog scale.

Results: After 10 d, the kombucha group showed a significant increase in stool frequency (0.60 + 0.31-0.85 + 0.19 times/d; P = 0.004)
compared with the control (0.63 + 0.33 compared with 0.72 + 0.28; P = 0.6). The mean values of the BSSS increased in the kombucha
group (3.0 + 1.2-4.4 + 1.0; P = 0.001), whereas they remained unchanged in the control (2.9 £ 1.2 compared with 3.4 + 1.2; P = 0.6). The
kombucha group also experienced a significant decrease in the feeling of incomplete bowel emptying (1.88 + 0.78 compared with 1.41 +
0.56 points; P = 0.015), which was not observed in the control group.

Conclusions: Short-term consumption of kombucha enriched with inulin and vitamins was associated with an increase in stool frequency,
an improvement in the BSSS, and a reduction in the feeling of incomplete bowel emptying in females with IBS-C. Further large-scale clinical
trials investigating the efficacy of kombucha enriched with inulin and vitamins in patients with IBS-C are warranted to prove the observed
effects.

Trial registration number: This trial was registered at clinicaltrials.gov as NCT05164861 (==https://clinicaltrials.gov/study/
NCT05164861?term=NCT05164861&rank=1; registered on 18 December, 2021).

Keywords: females’s health, fermented beverages, dietary fibers, irritable bowel syndrome, constipation, kombucha, inulin, Bristol stool scale
score, stool frequency

Introduction approximately one-third are associated with constipation and
classified as constipation-predominant irritable bowel syndrome

Irritable bowel syndrome (IBS) is a common functional (IBS-C) according to the ROME IV criteria [1]. IBS is more

gastrointestinal disorder that affects ~10%-20% of the popula- prevalent in ferna%es, With' a female-to-male ratio of 2-2.5:1
tion in economically developed countries. Among IBS cases, ~ among those seeking medical care [2]. Furthermore, a large

Abbreviations: BSSS, Bristol stool scale score; IBS, irritable bowel syndrome; IBS-C, constipation-predominant irritable bowel syndrome; VAS, visual analog scale.
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meta-analysis reported a pooled prevalence of IBS-C in females
with IBS of 40%, compared with 21% in males with IBS [3],
highlighting its significance in females's health. Although the
exact cause of IBS is unknown, diet is considered one of the
factors that can trigger or exacerbate symptoms [4,5]. Low
intake of water and dietary fibers is associated with an increased
risk of IBS-C, as dietary fibers increase fecal mass and colonic
transit while retaining water in the colon and providing a
stool-softening effect. Moreover, soluble dietary fibers, acting
as prebiotics, have the potential to normalize the intestinal
microbiota in patients with IBS when consumed in higher
quantities [6,7].

Inulin, a fructan with prebiotic properties, can be extracted
from various vegetables and fruits such as artichokes,
chicory, dandelion leaves, and asparagus. Inulin's prebiotic
activity has been extensively demonstrated in numerous
studies, showing selective fermentation by bifidogenic bacteria
[8,9]. Several meta-analyses have confirmed the positive ef-
fects of inulin on the colonic microbiome and stool frequency
in patients with functional constipation and IBS-C [10-13].
The prescription of a diet rich in dietary fibers is a typical
treatment approach for patients with IBS-C and has been
proven to be effective [14]. However, follow-up studies have
shown that only 30%-40% of patients adhere to dietary in-
terventions [15,16]. To improve adherence, it is important to
develop a diet that includes tasty foods with acceptable sen-
sory qualities, allowing patients to maintain their nutritional
habits while receiving the necessary amount of dietary fibers
to alleviate IBS-C symptoms.

Functional drinks have gained popularity worldwide because
of their appealing taste, and their consumption is not associated
with health risks as has been demonstrated for regular intake of
sugar-sweetened or artificially sweetened carbonated drinks
[17]. Among functional drinks (sports drinks, fortified juices,
diary-alternative drinks, etc.), kombucha has become the most
popular in the last 10 y with a rapidly growing and expanding
market [18]. It can easily be flavored with natural fruits and
berries as well as enriched with different biologically active
substances for health benefits. In line with this approach, we
developed a kombucha-based drink enriched with inulin and
vitamins [19]. The objective of this study was to clinically
evaluate the efficacy of a nonalcoholic fermented pasteurized
kombucha drink enriched with inulin and vitamins in females
with IBS-C.

Materials

Participants

IBS-C females were recruited from the Gastroenterology
and Hepatology Department, Federal Research Centre of Nutrition,
Biotechnology, and Food Safety in Moscow, Russian Federation in
2021 to participate in a clinical study involving the kombucha
drink. The pilot study followed a single-center, open-label, parallel-
group, randomized controlled trial design (NCT 05164861; regis-
tered on 18 December, 2021; https://clinicaltrials.gov/study/
NCT05164861?term=NCT05164861&rank=1). Patients with
IBS-C were selected based on the following inclusion criteria
(Figure 1):
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e Willingness to participate in the study, as indicated by a
signed patient information sheet.

e Age ranging from 18 to 80 y old.

¢ Diagnosis of IBS with constipation based on ROME IV criteria.

e Agreement to refrain from taking laxatives during the study.

The criteria for excluding patients in the study were:

e Lack of desire to participate in the study.

e Unwillingness to comply with the necessary requirements to
obtain accurate examination results.

e General conditions and the presence of severe concurrent
conditions that could significantly impact the study results
and data interpretation.

¢ Any food allergies or intolerances.

Participants were randomly assigned to a treatment sequence
order using a computer-generated list provided by staff members
who were not involved in the clinical assessment or data
analyses.

Test product

The test product was a nonalcoholic pasteurized kombucha
drink enriched with inulin and vitamins. The initial ingredients
of the drink included drinking water, black tea, a freshly grown
kombucha starter culture, black currant berries/juniper berries
or strawberries/lime leaves or mango/passion fruit puree, inulin,
and vitamins (B1, B2, B3, B6, and folic acid). To prepare the
fermented drink, we used black Indian big leaf tea (Camellia
Sinensis), sucrose, a symbiotic culture of bacteria, and yeast—S-
COBY (Acetobacter spp., Gluconacetobacter spp., Komagataei-
bacter spp., Brettanomyces bruxellensis, Saccharomyces spp.,
Starmerella spp., Zygosaccharomyces spp.) (LiveBrew), frozen
strawberry fruit and Kaffir lime leaves (provided by a local su-
permarket), and inulin. The vitamin premix RUS 28,174 (DSM
Nutritional Products Europe Ltd.) containing 48,750 mg/kg of
thiamine (Vitamin B1), 44,000 mg/kg of riboflavin (Vitamin
B2), 479,998 mg/kg of niacin (Vitamin B3), 57,000 mg/kg of
pyridoxine (Vitamin B6), and 7500 mg/kg of folic acid was used
to fortify the drink. Flavoring agents were added to 1038 g of
Kombucha base in the following ratio: Strawberry —173.0 g and
Kaffir lime leaf — 3.7 g. The ingredients were added in such a way
that after filtration, the yield of the product was 1000 g [19].

During the production of the drink, 2 rounds of fermentation
and pasteurization of the final product were performed. The
effectiveness of the pasteurization process was confirmed
through routine laboratory microbiological tests, including
counts of mesophilic aerobic bacteria, yeasts and molds, total
coliforms, and Escherichia coli. The full technology and produc-
tion process of the kombucha drink enriched with inulin and
vitamins was developed by us, and throughout the study period,
the quality control of the drink was performed as we previously
described [19].

One hundred milliliters of the drink after fermentation
contained: carbohydrates — 2.57 g (including sucrose — 0.22 g,
glucose — 1.32 g, and fructose — 1.03 g), inulin — 1.15 g, vitamin
Bl - 0.4 mg, B2 — 0.21 mg, B3 — 2.74 mg, B6 — 0.48 mg, and
folic acid — 24.0 pg. Energy value/caloric content — 54 kJ/13
keal [19].
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Selection of patients according to criteria of IBS with constipation

Signing of informed consent n =

52

Evaluation of inclusion/exclusion
criteria, n = 49

=

Refused to sign informed
consent, n=3

4 excluded due to the
revealed organic pathology of
the gastrointestinal tract

5 excluded due to the
presence of severe
concomitant pathology

=

Randomization, n = 40

N

Kombucha group n =20

Control group, n =20

Analysis of the effectiveness of kombucha drink

FIGURE 1. Consort flow diagram of patient enrollment, allocation, and analysis.

Diet

Throughout the study period, all patients received the stan-
dard version of the diet, which was prepared in the hospital
kitchen. The diet consisted of a normal amount of protein (85-90
g/d), fat (70-80 g/d), and carbohydrates (300-330 g/d). The
caloric content of the diet ranged from 2170 to 2400 kcal. The
fiber intake was set at 25 g/d (including the inulin from the
tested drink), table salt at 6 g/d, and free liquid intake at 1.5-2.0
L. Boiled, stewed, and baked dishes were provided. The addition
of the tested kombucha drink to the diet increased its caloric
content by 28.6 kcal and carbohydrate content by 5.6 g. An
example of a daily menu is presented in Supplemental Table 1.

Study design

This study was designed as a single-center, prospective, open-
label, randomized controlled trial to evaluate the effects of a
nonalcoholic pasteurized fermented kombucha drink enriched
with inulin and vitamins in 20 patients with constipation
(defined as <1 spontaneous bowel movement in 3 d). The pa-
tients in the study group consumed a modified diet in which a
220 mL portion of the studied kombucha drink replaced their
breakfast drink daily for a period of 10 d. After randomization,
patients in the kombucha group may choose 1 of 3 flavors of the
drink they will consume during the intervention phase of the
study. The control group received a standard diet with a 220 mL
portion of water replacing their breakfast drink during the same
period. No one from the enrolled females used any kombucha
drink before this study.

During the study, the sensory properties and tolerability of
the product were assessed, along with any concomitant

complaints (dryness, bitterness in the mouth, belching with
food/air, heartburn, heaviness in the stomach, abdominal pain,
nausea, and flatulence). Stool frequency (number of bowel
movements/d) and stool form (assessed using the Bristol stool
scale) were evaluated on days 5, 9, and 14 (Figure 2). The sen-
sory properties of the product were assessed using a 100 mm
visual analog scale (VAS) ranging from “very tasty” to “abso-
lutely tasteless” on days 5 and 14. Clinical safety parameters,
including blood count, urine tests, and biochemical blood anal-
ysis (bilirubin, creatinine, blood urea nitrogen, alanine amino-
transferase activity, aspartate aminotransferase activity, gamma-
glutamyltransferase activity, glucose, total protein, potassium,
sodium, and iron) were assessed at the beginning and at the end
of the study.

Ethics

All patients provided written informed consent before
participating in the study. The study protocol and informed
consent form were approved by the local ethics committee on 15
October, 2021. The amendment to the protocol of the clinical
trial, which added the third flavor (mango/passion fruit) of the
tested product, was approved by the local ethics committee on
29 November, 2021. The study was conducted in accordance
with the latest Declaration of Helsinki. All authors had access to
the study data, reviewed the manuscript, and approved the final
version.

Statistics
Data analysis was performed using "SPSS Statistics for Win-
dows, Version 23.0" software (IBM Corp.,). Descriptive statistics
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Informed consent
* *
Randomization
Y Y
Kombucha group (n=20) ‘
Y \ o Bowel Movement and Bristol Stool Scale, Complaints Likert Scale daily \
5 \k \,‘
Standard diet * * B EOS
L4 e
. Control group (n=20)
4 Bowel Movement and Bristol Stool Scale, Complaints Likert Scale daily
0 4 5 9 14  DAYS

*- VAS taste opinion, blood and urea tests; EOS — end of study

FIGURE 2. Study design.

TABLE 1
Comparison of groups by age and BMI (M + m)

Kombucha group (n = 20) Control group (n = 20)

47.7 £ 15.9
28.0 £6.2

48.7 £17.7
27.5+5.9

Age (y)
BMI (kg/m?)

methods were used to evaluate the sample indicators, and the
data are presented as means and standard deviations. Participant
characteristics were compared using the Wilcoxon rank sum test,
Mann-Whitney U test, and y? test for categorical variables. Sta-
tistical significance was set at P < 0.05.

Results

A total of 52 participants were screened, and after excluding
12 individuals, 40 were enrolled in the study and randomly
allocated to the kombucha and control groups. The groups were
comparable in terms of age, gender, and BMI (Table 1). The main
clinical manifestations of IBS-C in the patients included a feeling
of incomplete emptying after defecation, bloating, abdominal
pain, and postprandial stomach heaviness (Table 2).

TABLE 2

Overall, by the end of the study, all patients in the kombucha
group showed an improvement in general well-being, a decrease
in the severity of clinical manifestations of the underlying dis-
ease, and an increase in stool frequency. There were no statisti-
cally significant differences between the 2 groups in terms of
bitterness and dry mouth, heartburn, nausea, abdominal pain,
and postprandial stomach heaviness. While there was no overall
increase in the intensity of heartburn in the kombucha group
(from 1.28 + 0.62 to 1.25 + 0.52 points on the Likert scale at the
end of the study), 2 patients reported experiencing prolonged
heartburn after consuming the mango—passion fruit-flavored
kombucha drink, and 3 patients noted an exacerbation of pre-
existing heartburn.

Between the 5th and 9th days of consuming the kombucha
drink, 7 of 20 patients (35%) in the kombucha group reported an
increase in complaints of moderate abdominal distension, which
may be indicative of the utilization of inulin, an added compo-
nent in the drink, by the intestinal microflora. Although there
were no significant changes in the severity of bloating (P = 0.08),
it was nearly completely resolved by the end of the study period
in 5 of 7 patients (Figure 3).

From the 5th day of observation, the kombucha group
showed a statistically significant decrease in the severity of

Comparison of patient groups by severity of complaints according to Likert scale scores

Complaints of patients

Kombucha group (n = 20)

Control group (n = 20)

Dry mouth 1.28 + 0.56 1.45 + 0.68
Heartburn 1.28 + 0.62 1.40 £+ 0.68
Mouth bitterness 1.40 + 0.59 1.35 + 0.58
Heaviness in the stomach after eating 1.53 + 0.69 1.80 + 0.89
Abdominal pain 1.28 + 0.56 1.65 + 0.58
Nausea 1.15 + 0.45 1.0+£0
Bloating 1.6 + 0.64 1.75 + 0.9
Feeling of incomplete emptying 1.88 + 0.78 1.85 4+ 0.74
Stool frequency (times/d) 0.60 + 0.31 0.62 + 0.33
Bristol stool scale score 2.95 + 1.52 2.90 +1.29

Data are presented as mean =+ SD for normally distributed data.
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FIGURE 3. The severity of bloating in patients of the studied groups.

incomplete bowel emptying (from 1.88 + 0.78 to 1.41 + 0.78
points on the Likert scale, P = 0.015). In contrast, there were no
significant differences in the intensity of the feeling of incom-
plete emptying in the control group (Figure 4).

Figure 5 illustrates the changes in stool frequency. In the
kombucha group, there was a significant increase in stool fre-
quency, from 0.60 + 0.31 to 0.85 + 0.19 times/d (P = 0.004). To
the contrary, in the control group, there was only a minimal
increase of 0.3 times/d, and after the 9th day of the study period,
no further increase in stool frequency was observed.

Furthermore, as shown in Figure 6, the kombucha group
exhibited a mean increase in stool form from baseline, with an
increase of +0.4 points/d and +1.4 points by the end of the
study. In contrast, the control group did not show any significant
changes in stool consistency after the 9th day of the study. The
differences in stool consistency between the 2 groups were sta-
tistically significant at the end of the study (4.4 + 1.0 compared
with 3.4 &+ 1.2; P = 0.018). There were no significant changes
observed in the results of biochemical blood analysis, blood
count, and urine analysis before and after the use of the kom-
bucha drink (Supplemental Table 2).

In the kombucha group, the majority of patients reported
good tolerance and found the kombucha drink enriched with

2,6 === Kombucha group (n=20)

inulin and vitamins to have a pleasant taste. When assessing the
palatability of the different flavors using VASs (Table 3), it was
observed that by the 14th day of the study, patients rated the
taste of the offered drinks similar to the beginning of the study.
This indicates that the patients did not become bored with the
flavor of the tested drink they had chosen. It is worth noting that
the taste score for the mango—passion fruit kombucha drink, as
determined by the visual analog scale, was lower compared with
the other 2 flavors. However, this decrease in the assessment
may be attributed to its association with the occurrence of
heartburn in some patients.

Discussion

This pilot study is the first to evaluate the efficacy of an inulin-
enriched kombucha drink in patients with IBS-C. We showed
that a daily serving of the enriched kombucha drink (220 mL) is
associated with an increase of stool frequency and an improve-
ment of stool consistency in patients with IBS-C. However, these
results need to be validated in a large prospective long-term trial
in which patients with IBS-C follow their usual diet, rather than
the standardized diet used in our study. The standardized diet in

=l Control group (n=20)

2,4

2,2

2

14

Rt
1,6 —
\
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1

0,8
Day 5

Day 9 Day 14

FIGURE 4. The severity of the feeling of incomplete emptying in patients of the studied groups.
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FIGURE 5. Stool frequency of the studied groups.

our study provided all patients with the recommended daily
amount of dietary fibers, including inulin for those allocated to
the kombucha group. However, in real life, dietary fiber con-
sumption is often much lower. National dietary surveys have
shown that intakes of dietary fibers do not meet recommenda-
tions, and few countries provide guidance on preferred fiber
types to achieve recommended intakes [20]. In Russia,
population-based studies have demonstrated that dietary fibers
consumption is 30% lower than the recommended 25 g/d [21],
and it may be even lower in patients with IBS than in general
population.

However, correcting the nutritional patterns associated with
IBS-C or any other disease can be challenging because of long-
established food habits and poor long-term compliance with di-
etary recommendations, especially when it involves the restric-
tion or exclusion of certain foods. To the contrary, regular
consumption of specialized/functional food products can
contribute to achieving long-term effects with minimal changes
to the overall diet structure. However, developing such a product
can also be challenging, considering factors such as the type of
food product (for example, drink, bakery product, and spread),
ease of use, popularity, and the feasibility of modifying the

5,1

product's chemical composition. In our study, we chose the drink
form for the food product because of its ease of modification and
popularity among consumers. There is currently a lack of verified
data on the potential long-term health benefits of kombucha it-
self [22]. However, some findings suggest a potential positive
effect of kombucha on various metabolic processes, such as
antibacterial and antioxidant effects [23]. This drink holds
promise for enriching its composition with water-soluble dietary
fibers, such as inulin, which can enhance the interaction of
organic acids and other bioactive components of the drink with
intestinal receptors. The potential health risks associated with

TABLE 3
Palatability of kombucha drinks with different flavors in patients of the
kombucha group (mm VAS)

Flavor Day 5 Day 14
Black currant with juniper 91.0 £ 13.6 94.2 £ 6.5
Strawberry with lime 77.6 £ 27.6 82.7 £ 24.6
Mango with passion fruit 89.5 +£10.3 87.6 + 14.1

VAS represented in mm from 0 - “no taste at all” to 100 - “very tasty.”
Data are presented as mean + SD for normally distributed data.
Abbreviation: VAS, visual analog scale.
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FIGURE 6. Stool consistency of the studied groups.
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consuming fermented tea appear to be low and can be mitigated
by adhering to proper sanitary practices and manufacturing
technology [24]. Inulin was selected for enriching the
kombucha-based drink because it has already been widely used
for the treatment of constipation and IBS [11-13]. We have
previous experience in developing and clinically evaluating
inulin-enriched yogurt [25] and dry jelly products [26] enriched
with inulin for patients with functional constipation and IBS.
However, for the first time, we have developed a kombucha
drink enriched with inulin, recognizing the adequate liquid
intake is crucial for patients with constipation. Surprisingly, we
did not find any studies in patients with IBS utilizing enriched
kombucha drinks, although apple juice enriched with inulin was
evaluated in patients with constipation [27]. Our decision to
create a comprehensive technological process and production
cycle of kombucha stemmed from the absence of enriched
kombucha drinks in the local market. Furthermore, commer-
cially available products often fail to consistently meet the re-
quirements for permissible ethanol levels, both from batch to
batch and even within a single batch, as observed in other
countries’ markets [28-30]. This is primarily a result of attempts
to economize the fermentation process by reducing its duration,
leading to elevated residual ethanol levels in the drink.
Furthermore, the high ethanol content can be attributed to
improper storage conditions of kombucha within the retail
chain. As a solution, we employed our own drink base, which
guaranteed all traceability conditions throughout the produc-
tion, packaging and delivery to patients [19].

The kombucha group showed a significant increase in stool
frequency and Bristol stool scale score (BSSS) by day 10 of the
intervention, which can be attributed to the effect of inulin, as
described in other studies that used inulin supplementation
[11-13]. However, the daily dose of inulin in our study was
lower than in those previous studies. In the study assessing the
efficacy of daily consumption of 300 mL of apple juice enriched
with 12 g of highly polymerized inulin in patients with con-
stipation, a significant increase of bowel movements, <1.8 per d,
was observed. However, 60% of participants reported occasional
abdominal pain during the study [27]. This may be attributed to
the high dose of inulin used. In contrast, in our study, we did not
observe any differences in abdominal pain, possibly because of
the moderate dose of inulin in the kombucha drink.

Although the kombucha drink used in our study underwent
pasteurization during the production process [19], rendering it
unable to function as a probiotic, we cannot rule out the poten-
tial additive positive effects of organic acids and other bioactive
components present in the kombucha drink itself. Several
experimental studies have demonstrated that acetic, lactic, malic
or citric acids can regulate bowel movements through different
mechanisms, including the increase of prostaglandin E; secretion
and decreased expression of aquaporin 3 [31,32]. The kombucha
drink we utilized in our study contains several organic acids (for
example, acetic, malic, citric, lactic, and tartaric) in substantial
amounts, which explains the relatively low pH value (3.57) of
the drink [19]. When organic acids are ingested with food, they
do not reach the colon as they totally absorbed in the small in-
testine. However, they may stimulate motility and reduce water
absorption through mechanisms other than direct changes in pH
in the colon lumen. It has been demonstrated that the serum
concentration of organic acids in patients with IBS-D is
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associated with diarrhea, rather than their content in the feces
[33]. Therefore, the organic acids from the kombucha drink may
theoretically stimulate intestinal motility and influence con-
stipation in our patients.

By the end of the study, we did not find any differences in
other IBS symptoms between the groups, except for the feeling of
incomplete bowel emptying, which significantly decreased in the
kombucha group. This may be partially explained by the changes
in stool consistency observed in this group.

The kombucha-based drink was well tolerated, and we did not
observe any changes in urine or blood analyses. The palatability
of the drink was evaluated using VAS at the beginning and end of
the intervention. Patients rated the taste of kombucha with 2
flavors (black currant with juniper and strawberry with lime)
similar at the end of the study compared with the beginning.
However, the product with the flavor of mango with passion fruit
received lower ratings because of the occurrence of heartburn in
a few patients during the intervention period. Interestingly, pa-
tients did not experience heartburn when consuming the kom-
bucha drink with the other 2 flavors. There are several possible
explanations for this adverse event. First, kombucha is a fer-
mented drink with a pH of 3.57 [19], which can exacerbate
heartburn in patients with reflux diseases. However, the medical
records of the patients in the kombucha group did not indicate
any reflux disease or prescription of proton pump inhibitors.
Since the kombucha drinks only differ in flavoring additives, the
passion fruit puree included in the composition may be a po-
tential cause of heartburn, as it has been described to have
antispasmodic effects by blocking alpha-adrenoreceptors in
smooth muscles [34]. We have previously encountered a similar
issue with another functional food product that contained
menthol as an antispasmodic component, which successfully
alleviated intestinal colic and bloating in patients with IBS [35].
However, mint is contraindicated for patients with gastro-
esophageal reflux disease because of its potential to relax the
lower esophageal sphincter. Therefore, it is possible that we
observed a similar effect with passion fruit puree in sensitive
individuals in this study.

Our study has several limitations, including the short dura-
tion of the intervention period (only 10 d) and the relatively
small sample size. In addition, the study only included females,
so the efficacy of the kombucha-based drink in males with IBS-C
needs to be investigated in future trials. The use of a standard-
ized diet during the study allowed us to control for other dietary
factors that could influence the outcomes, such as specific foods,
additional liquids, or natural laxatives. However, this approach
does not provide insight into the efficacy of the kombucha-based
drink in real-life scenarios when patients resume their usual
diets. Nonetheless, as a pilot study, our findings support the
concept that enriching kombucha with inulin is effective for
improving constipation in patients with IBS. To obtain more
robust and accurate results, larger-scale randomized placebo-
controlled trials are needed. The design of these trials needs to
be more sophisticated to elucidate the contribution of each
component of the enriched kombucha drink to the clinical ef-
fects. These trials should include >3 groups of patients with IBS:
one group taking enriched kombucha, another group supple-
mented with the same dose of inulin and vitamins, and a control
group receiving nonmodified kombucha. It would also be valu-
able to assess the blood levels of organic acids to test the
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hypothesis regarding their indirect influence on constipation. In
addition, extending the intervention period to 3-4 wk under
real-life conditions with the usual diet of patients with IBS-C
would provide more comprehensive insights.

In conclusion, this pilot study demonstrated that short-term
consumption of a pasteurized, fermented, nonalcoholic drink
based on kombucha enriched with inulin and vitamins was
associated with increased stool frequency, improved BSSS, and a
reduction in the sensation of incomplete bowel emptying in fe-
males with IBS-C. However, further validation of these findings
is warranted through larger scale, randomized, placebo-
controlled trials. If such studies can provide substantial evi-
dence, the drink may be recommended for patients with IBS-C.
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