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ABSTRACT
Background and Objectives: Gut microbiota influences our health via multiple mechanisms. Microbiota produced Short
Chain Fatty Acid (SCFA) as an energy to maintain gut ecosystem and physiology. Dysbiosis is correlated with SCFA imbalance which in turn resulted in physiological abnormalities in the intestine, such as functional constipation.
Materials and Methods: Randomized Double-Blind Controlled Trial (RCT) was conducted on women with functional
constipation (n=37) in the community of Jakarta and profile of SCFA was assessed by using GC-MS from the stool after 21
days supplementation of fermented milk (placebo and probiotic).
Results: Probiotic supplementation significantly influenced acetate titer (p=0,032) marginally significant for propionate and
butyrate (p=0.063 and p=0.068, respectively) and the respondent with increasing SCFA’s metabolite are higher in probiotic
group compared to the respondents in placebo group. Acetate is the highest SCFA titer found in faeces samples of women
with functional constipation.
Conclusion: Probiotic Lactobacillus plantarum IS 10506 supplementation influenced all the SCFA parameter (acetate, propionate and butyrate).
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INTRODUCTION
Functional constipation is caused by a motility disorder without structural abnormalities. Indonesian
Gastroenterology Administration (GI) observed a
tendency of increasing incidence of constipation, and
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constipation patients tended to carry out self-medication, by buying over the counter (OTC) that generally inappropriate, hence, we explore the potency of
probiotic function toward the improvement measurement symptom of functional constipation using PACSYM© questionnaire, which is expected to facilitate
in balancing microbiota composition and suppress
dysbiosis. The research on functional constipation
was conducted on the risk factors (gender, social factors, Body Mass Index (BMI), activity, diet and age)
but has not been based on the scientific evidences of
the causal factors and underlying mechanisms (1).
Among the risk factors, women are the dominant sex
factor, therefore the subjects were restricted to women. There are three factors involve in mechanism
of functional constipation due to functional disorders
of digestive tract: host factors (immunity), luminal
factors and environmental factors. Luminal factors
(one of which is dysbiosis) are assumed to be strong
association with other factors and considered to be
the foundation of several diseases. The imbalance of
microbiota in the digestive tract may affect the metabolites such as Short Chain Fatty Acid (SCFA) as a
result of carbohydrates fermentation and proteins in
the lower digestive tract (2, 3).
SCFAs refer to free fatty acids containing fewer
than 6 carbons with short aliphatic carbon-chains.
Formic acid (C1), acetic acid (C2), propionic acid
(C3), butyric acid (C4), and valeric acid (C5) are the
main products of carbohydrate metabolism by intestinal microbiota. Lactate, although not belong to
SCFA, is also produced by several microbiota such
as lactic acid bacteria, bifidobacteria and proteobacteria. Eubacterium hallii can convert lactate to a different SCFA under the normal condition and mostly
abundant in colon. SCFA can be oxidized to provide
energy and have also been shown to affect the immune system, colonic function, cholesterol metabolism, satiety and oxidative stress. SCFAs, particularly C4, are utilized as major energy source for colonic
epithelial cells and regulate their gene expression,
proliferation, differentiation, and apoptosis. SCFAs
promote the production of mucin and gastrointestinal
antimicrobial peptide (e.g.LL-37) molecules important for gut barrier function (4-6). SCFA has a role in
physiological processes in the colon and will affect
the defecation process. We measured SCFA’s titer
(butyrate, propionate and acetate) as an improvement
parameter of women with functional constipation after 21 days supplementation of fermented milk con-
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taining probiotic Lactobacillus plantarum IS 10506
isolated from Dadih, West Sumatra (7).

MATERIALS AND METHODS
Study Design. This study was a Randomized
Double-Blind Controlled Trial (RCT) study conducted for 3 weeks, with double-blind procedures
and parallel groups applied. All subjects were randomly divided into 2 groups, Placebo group (21 respondents) and Probiotic group (16 respondents), and
were informed from the start that there were subjects
who received placebo (lactic acid dextrose milk) and
probiotic (fermented milk containing Lactobacillus
plantarum IS 10506, 1010 CFU/mL).
Study location. This research was conducted
within the scope of the sampling Jakarta area in community (Petamburan Health Center, Jakarta). SCFA’s
analysis was conducted in Parasitology Department
Laboratory Faculty of Medicine Universitas Indonesia and Regional Health Laboratory of Jakarta (Labkesda).
Sampling. Subjects were obtained from populations living in the community living near Petamburan district in the capital city of Jakarta, Indonesia.
There were 37 women, 18-60 years old, with functional constipation symptoms selected using inclusion and exclusion criteria based on Rome IV by
competent medical personnel, and supplemented
with 120 ml fermented milk for 21 days. The adherence was monitored to check consumption of fermented milk one bottle/day during supplementation
period, and the fermented milk was kept in a refrigerator (minimum 8°C).
Stool collection and extraction. Faecal samples
were collected in a pot, immediately cooled in a cool
box, and then stored in -20°C freezer. There were
three times of sample collections (Baseline-Interval-Endline). Faeces aliquots of 1 g of dry weight
each, were transferred into 25 mL plastic vial, added
with 3 ml ethyl acetate and 3 ml formic acid, homogenized with vortex and then centrifuged for 10 minutes at 3000 g. The supernatant (organic phases) was
separated and transferred into 15 mL plastic vial that
had been added with Na2SO4 anhidrate. The samples
were stored at -20°C until analysis with gas chroma-
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tography–mass spectrometry (GC-MS) in Labkesda.
GC-MS analysis. Data were analyzed using Agilent Technology 6890 Gas Chromatogarphs with
auto samplers and 5973 Mass Selective Detection and
Chemotation Data System. Samples (5 µl) were directly injected into the gas chromatograph equipped
with an HP-Innowax capillary column (30-m length
by 0.25-mm internal diameter, with a 0.25 µm film
thickness; Agilent) using He as gas carrier and a
constant flow rate of 0.8 ml/min. The temperature
of the injector was kept at 230°C, and the split ratio
was 8:1. Chromatographic conditions were as follows: initial oven temperature of 80°C, 8°C/min up
to 220°C, 12 min at 220°C, and a ramp of 20°C/min
up to 230°C to clean the column. In the MS detector,
the electron impact energy was set at 70 eV. The data
collected in method file (FFAMS).
Statistical analysis. The data experiment was analyzed using SPSS version 22.0 (IBM SPSS Statistics
for windows version 22.0 Armonk, NY; IBM Corp).
Normality distributed data test using Shapiro-wiro,
non parametric test MannWhitney and Chi-Square
test was used to evaluate the effect of probiotic supplementation on SCFA titer. Spearman Rho test was
performed to evaluate the correlation between variation of treatment and SCFA titer. The level of P value
< 0.05 was considered as significant.

RESULTS
Respondent profile. Women respondent was 18-60
years and had a body mass index (BMI) of 14.68 to
34.95 kg/m 2 inclusive (Table 1). Most of respondents
in Petamburan were house wives, and only some of
them were part time worker. Thirty subjects were included in this study, divided into 21 respondents in
placebo group and 16 respondents in probiotic group.
In general human physiology processes are influenced by age and BMI as well as metabolism in the
digestive tract, one of which is SCFA production. We
analyzed the correlation between age and BMI that
will influenced the SCFA metabolites (Table 2). We
found that age had weak negative correlation with
delta acetate and propionate (p=-0.023 and p=-0.242
respectively) and weak positive correlation with delta butyrate (p=0.085). Correlation between Post BMI
and delta SCFA also weak correlation, acetate, propi-
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onate and butyrate (p=0.127, p=-0.040 and p=0.054
respectively) according to Spearman-Rho test correlation.
SCFA profile. We performed three measurements
of SCFA metabolites (baseline, interval and endline),
to find out how the changes that occurred during the
supplementation process and the effect of probiotic
supplementation on these changes.
Probiotic Lactobacillus plantarum IS 10506 supplementation has an effect on the percentage of delta
(endline-baseline/baseline) SCFA after 21 days (Table 2). According to the Mann-Whitney test, probiotic effect to the percentage changes of acetate,
propionate and butyrate profile (p=0.032, p=0.063,
p=0.068 respectively). Probiotic Lactobacillus plantarum IS 10506 as luminal factor assumed strongly
associated with SCFA metabolite. Total respondents
with increasing SCFA concentration tend to be different in placebo group compared to probiotic group,
as we see in Table 3 below.
Table 1. Participants socio-demography and anthropometric
data
Characteristic*
Age (year)
Height (meter)
Baseline Weight (kg)
Baseline BMI (kg/m2)
Endline Weight (kg)
Endline BMI (kg/m2)

Placebo (n 15)
45.52 ± 10.71
1.55 ± 0.07
61.81 ± 13.00
25.41 ± 5.00
62.43 ± 12.00
25.67 ± 4.56

Probiotic (n 15)
34.50 ± 12.33
1.60 ± 0.05
64.19 ± 13.97
25.05 ± 5.40
65.00 ± 14.14
25.36 ± 5.39

BMI: Body Mass Index.
*value are expressed as mean ± Standard deviation

Tabel 2. Profile SCFA (Baseline, Interval, Endline)
Characteristic SCFA
titer (mM)
Baseline-Acetate
Interval-Acetate
Endline-Acetate
Baseline-Propionate
Interval-Propionate
Endline-Propionate
Baseline-Butyrate
Interval-Butyrate
Endline- Butyrate

Placebo (n 21) Probiotic (n 15)
52.17 ± 45.38
80.17 ± 59.19
41.38 ± 38.23
24.94 ± 23.50
38.06 ± 46.91
17.82 ± 21.29
43.29 ± 26.25
39.04 ± 25.89
33.02 ± 23.39

53.93 ± 32.99
66.18 ± 51.20
81.51 ± 61.67
21.85 ± 14.42
34.97 ± 29.76
41.60 ± 37.13
40.26 ± 20.62
43.11 ± 25.61
49.30 ± 18.55
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Table 3. The effect of probiotic on delta SCFA metabolite
Characteristic
SCFA(mM)
Acetate
Propionate
Butyrate

Increasing
31%
37%
31%

Placebo Group
Decreasing
57%
52%
57%

Total respondent
Probiotic Group
Decreasing
Increasing
43%
69%
48%
63%
43%
69%

p-value*
0.117
0.328
0.117

*Chi Square test

DISCUSSION
Numbers of studies had been evaluated to the relationship between age, weight and constipation prevalence, one of them is colonic transit time slows down
with ageing, although this is highly variable. On the
other hand, BMI >25.0 kg/m2 positively associated
with prevalence of constipation related with low fiber consumption and daily activity (8). Inline with
Bellini et al. (2017) that majority of the subjects were
women with 49.6 ± 16.6 years old and BMI was 23.7
± 4.0 kg/m2 (9). Aging alone alters the gut microbiota (dysbiosis) that influenced the SCFA metabolite’s
that related with fuctional constipation (10, 11). In
our experiment, aging showed a negative correlation with SCFA metabolite characteristic, differ with
BMI. Based on the mechanism that SCFA influenced
defecation process (one of them through motility) so
aging and decreasing of BMI inline with the increasing of functional constipation, because decreasing of
SCFA will be influenced the motility in the intestinal.
The impact of aging on the intestinal barrier and immune system was recently reviewed, that affects the
intestinal epithelial barrier and the neural control of
smooth muscle contractility. Meerveld et al., (2017)
compared colonic permeability via age-associated
remodeling of intestinal epithelial tight junction
proteins of old baboons to young baboons. They
discovered that there is significant tight junction
remodeling including a decrease in ZO-1 (Zonula occludens-1), occludin, and JAM-A (Junction Adhesion
Molecule-A) proteins and an increase in claudin-2
expression in old baboon colon compared to young,
besides that they also found that pro-inflammatory
cytokine modulate intestinal permeability through
tight junction (12). Tobe et al. (2011) also found that
positive effect of SCFAs on flagellar expression on
the experiment with enterohemorrhagic Escherichia
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coli (EHEC). Butyrate activated the flhDC regulatory
genes through leucine-responsive regulatory protein
(Lrp). Bacterial motility and the expression of flagella
are strictly regulated by a cascade of three transcriptional steps and a response to environmental factors
(13). Besides its effects on intestinal epithelial cells,
butyrate can also modulate the activity of the enteric nervous system (ENS), increasing the proportion
of cholinergic neurons translating to increased gut
motility. In contrast to butyrate, propionate seems to
decrease colon motility, but increases secretory activity of the colon as well as the number of vasoactive
intestinal peptide (VIP) neurons in the intestine (14).
According to correlation between BMI and SCFA,
Teixeria et al. (2012) also found that preliminary tool
for the prediction of abdominal adiposity and metabolic syndrome screening was associated with the
increasing of SCFA concentration. Acetate and especially propionate are signalling molecules for the G
Protein Coupled Receptor 41 (GPR41) receptor, the
activation of which increases host adiposity (15). Fermentation of dietary fiber leads to the production of
SCFAs via various biochemical pathways. The size
of the letters symbolizes the ratio of SCFAs present.
In the distal gut, SCFAs can enter the cells through
diffusion or SLC5A8-mediated transport and act as
an energy source or an histone deacetylases (HDAC)
inhibitor. Luminal acetate or propionate sensed by
GPR41 and GPR43 releases Peptide YY (PYY) and
Glucagon Like Peptide -1 (GLP-1), affecting satiety
and intestinal transit. Luminal butyrate exerts anti-inflammatory effects via GPR109A and HDAC
inhibition, SCFAs can also act on other sites in the
gut, like the ENS, where they stimulate motility and
secretory activity (14). Acetate, propionate and butyrate has a beneficial effect in gastrointestinal tract.
Butyrate was a key promoter of colonic health and
the main provider of energy for the colonocytes also
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inhibits IL-12 and increases IL-10 production. Propionate is a potent activator of GPR43 as a receptor
SCFA, that is present in immune, nervous and endocrine cells along the entire gastrointestinal tract (16).
According to our data, Acetate baseline and end line
data was higher than propionate and butyrate (see
Table 2 above). Referring to Besten, the affinity of
colonocyte relative higher for butyrate, colonocytes
prefer butyrate to acetate and propionate, and oxidize
it to ketone bodies and CO2. According to the Besten
and Nourrisson, mostly acetate is predominant in
faeces sample, maybe because production pathways
of acetate are widely distributed among bacterial
groups where as pathways for propionate, butyrate
and lactate production appear more highly conserved
and substrate specific, this finding was inline with
our data that we found acetate was higher than propionate and butyrate (17, 18).
We explored the SCFA profile of Indonesian women with functional constipation before and after probiotic supplementation, longitudinally in the setting
of improvement parameter of constipation symptom
based on Rome IV criteria. Referring to the Chassard
and Farup study, we found that SCFA titers (butyrate, propionate and acetate) in Indonesian women
with functional constipation were different (higher)
than western and Asian people. Accurate experiment
measurement SCFA production in vivo is difficult
and variative, caused by strong variation of the microbial population between individuals (16, 19-22).
Short chain fatty acids (SCFA) are produced as
metabolites in the colon, which mostly colonized
with bacteria known as saccharolytic intestinal bacteria. Indigestible of carbohydrates and proteins are
not absorbed in the small intestinal tract during the
digestion process and will be fermented by commensal microbiota in colon (23) and absorbed in the
colon (large intestine) and affected by food intake.
SCFA had physiological effect to the ecological environment of the digestive tract (intestine), affect the
physiology of the colon, the energy source of host
cells and microbiota, the mechanism of the signaling
system in the human body (24).
Between SCFA, butyric acid is short chain fatty
acid that act as the main energy for colonocytes and
regulated immune system also factor that stimulates
the growth and differentiation of colonocyte cells.
Butyrate is produced in the large intestine (colon),
Propionate contributing to gluconeogenesis in the
liver, and acetate achieving the highest systemic
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concentrations in blood. Butyrate and Propionate as
these two acids are most often considered to benefit
health, including protection against colorectal cancer in the case of butyrate and promotion of satiety
and reduction in cholesterol in the case of propionate. About 83% of total SCFA in the mammalian
large intestine is acetate, propionic, and butyric acid.
This total butyric concentration in the intestinal lumen ranges from 60 mmol/kg to 150 mmol/kg. The
amount of faecal SCFA is also relatively constant in
the following sequence from a decrease in concentration: acetate> propionate ≥ butyrate. In the colon
epithelial cells, butyrate and propionate is completely metabolized; only a small portion enters the
bloodstream. (11, 25-27). Sun et al. (2019) observed
the alterations in fecal SCFAs in IBS (Irritable Bowel
Syndrome) patients, and they found that there were
differences between patients with IBS and HCs. In
IBS-C patients, propionate and butyrate were reduced, inline with this result, Farub et al. (2016) also
found that faecal SCFA could be non-invasive, valid and reliable biomarker for the differentiation of
healthy subjects from subjects with IBS, especially
Butyrate and Propionate (16, 28). Interestingly, when
Gargari et al. (2018) distinguish IBS subtypes based
on SCFA’s they concluded that self-perpetuating
mechanism in which an initial modified colon transit
time, in turn leads to modification of Dysbiosis and
SCFA’s metabolite and finally influenced intestinal
motility (29).
We have investigated the effects of a probiotic
fermented milk containing Lactobacillus plantarum
IS 10506 1010 CFU/day for 21 days in adult women
who were diagnosed with functional constipation according to Rome IV criteria. According to the Ibarra
et al., combination of Bifidobacterium animalis subsp. lactis HN019 1010 CFU/day for 28 days, increased
Bowel Movement Frequency ≤ 3/week and decreased
the degree of straining compared with placebo.
This activity has been proposed to be attributed to
the capacity of probiotics to alter the gatrointestinal
microflora, improve intestinal motility, and alter biochemical factors (30).
The hierarchy of neural control of gut motility is as
follows: the primary regulator of gut motility is Enteris Nervous System (ENS), followed by Autonomic
Nervous System (ANS) and then Central Nervous
System (CNS). Simultaneously, the immune system,
gut secretions, gastrointestinal microbiota, and products of fermentation interact and modulate gut motil-
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ity via the modulation of afferent sensory nerves
that influence gut motility. Serotonin is produced in
both the ENS and CNS and is a key neurotransmitter
that plays pivotal role in mediating motor and secretory responses in the ENS. Bidirectional “microbiota-gut-brain axis” which has a key role in regulating
gut motility. The gastrointestinal microbiota play a
vital role in gut motility for example colonization
with L. acidophilus, Bifidobacterium bifidum, or
Clostridium tabificum in germfree rats also normalized the small-bowel migrating motor complexes and
gut transit time, whereas colonization with E. coli
inhibited intestinal myoelectric activity (31-33). Interestingly not only probiotic, but also prebiotic like
Psyllium husk, derived from the seeds of Plantago
ovate, after six-day period supplementation Psyllium
there was an change in transit time, faecal water content and the concentration of SCFAs, in constipated
subject but showed very little change in the healthy
subjects (34, 35).
Based on the underlying mechanism that had been
decribed before, there is a tendency that probiotic influenced the improvement symptom, SCFA assumed
to be factor that influenced mechanism underlyng
this effect of probiotic based on the improvement
symptom. Butyrate production influenced Constipation-Irritable Bowel Syndrome (C-IBS), act as an
anti-inflammatory effects, protect colonic defence
barrier and also has a physiology prosess to decrease
oxidative stress in the intestine. Butyrate oxidation
by colonocytes was further shown to be altered by
increasing H2S concentration. The functional dysbiosis observed in C-IBS microbiota may have important clinical implications such as abdominal pain,
modulation of gut transit and gas related symptoms,
due to changes in metabolism output, and plays a major role in balancing and maintaining the physiology
in gut. Besides the clinical implication, bile acid deficiency or excess SCFA contribute to the motility in
Gut ecosystem and pathophysiology of constipation
(4, 19, 34, 36).
Supplementation of Lactobacillus plantarum IS
10506 as an indigineous probiotic from West Sumatra Indonesia, proved has a beneficial effect to improve the SCFA metabolite in women with functional constipation. Zhao et al., summarized the mechanism of probiotic influeced the SCFA in constipation
people (1):
1. modify the altered intestinal microbiota in patients with constipation;
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2. probiotic metabolites may alter gut sensation
and motility function
3. probiotics may regulate the intraluminal environment, such as increasing the end products of bacterial fermentation, reducing luminal pH.

CONCLUSION
After 21 days supplementation, we found that
SCFA has a negative correlation with age and positive correlation with BMI. Acetate is the highest
SCFA titer found in faeces sample women with functional constipation. Probiotic Lactobacillus plantarum IS 10506 supplementation influenced all the
SCFA parameter (Acetate, Propionate and Butyrate).
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