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Background. Imbalance of the gut microbiome and decrease in the number of short-chain fatty acid (SCFA)-producing bacteria
often affect human health by altering intestinal and immune homeostasis. The use of probiotics has been shown to be an attractive
method to modulate gut microbiota to prevent or treat intestinal dysbiosis. Likewise, this study aimed to determine whether the
oral consumption of heat-treated Lactiplantibacillus plantarum nF1 (HLp-nF1) induces changes in the gut environment in healthy
infants by measuring changes in fecal SCFAs. Methods. The study enrolled 43 infants aged under 2 months, with 30 infants in the
HLp-nF1 group receiving HLp-nF1 orally (2.5 x 10'° cells/g/pack, daily dose of two packs) for 8 weeks. The fecal samples were
collected and the questionnaires were administered at weeks 0 and 8. Results. The concentrations of the total SCFAs, acetate,
propionate, and butyrate significantly increased following HLp-nF1 supplementation (P <0.0001, P <0.0001, P <0.0001, and
P =0.028, respectively). Conclusions. Supplementation of HLp-nF1 has a positive effect on SCFA production and could be
a potentially useful and straightforward method to manipulate SCFA formation.

1. Introduction

The human gastrointestinal tract comprises a complex and
dynamic microbial community, and reportedly, the gut
microbiota is critical for numerous aspects of human health
[1]. It modulates innate immunity, protects against patho-
gens by maintaining the intestinal mucosal barrier or pro-
viding anti-inflammatory signals to the host, and regulates
metabolic homeostasis via essential nutrient synthesis and
absorption [1-7].

One of the main functions of the gut microbiota is the
metabolic ability to transform complex polysaccharides into
simple sugars, which are fermented to form short-chain fatty
acids (SCFAs) [8, 9], the main metabolites produced by the
microbiota in the colon. They are defined as volatile satu-
rated fatty acids with one to six carbon atoms in the aliphatic
chain, existing in either a straight or branched conformation
[9-11]. The major SCFAs produced are acetate, propionate,
and butyrate [7, 12-14]. These acids need to be produced in
adequate amount to maintain the gut health and the well-
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being of the host [9, 15]. SCFAs play important roles both
directly and indirectly in regulating immune and intestinal
homeostasis, provide the primary source of energy for
colonocytes [16, 17], reinforce intestinal barrier function
[18], regulate the immune system through various signaling
pathways [9, 19-22], and control glucose or lipid meta-
bolism [23-25].

Dysbiosis, a disturbance in the gut microbiota compo-
sition, results in a decrease in the number of bacteria
producing SCFAs. In particular, infancy characterizes
a highly dynamic stage wherein gut microbiota form and
develop under the influence of various factors [3]. The
beneficial effect of probiotics on the balance of gut micro-
biota and the production of metabolites, including SCFAs,
has been confirmed by the results of numerous studies [9].
Recently, the interest and application of inactivated strains
or dead cells, called postbiotics, have been increased due to
their safety and storage capacity [26]. A postbiotic is defined
as a “preparation of inanimate microorganisms and/or their
components that confers a health benefit on the host”
[27-30]. In the present study, we aimed to determine
whether oral consumption of heat-treated Lactiplantiba-
cillus plantarum nF1 (HLp-nF1) induces changes in the gut
environment in healthy infants by measuring changes in
fecal SCFAs.

2. Materials and Methods

2.1. Subjects. We recruited infants aged <2 months, born at
the CHA Bundang Medical Center (Seongnam, Republic of
Korea) and Kangwon National University Hospital
(Chuncheon, Republic of Korea) between November 2021
and February 2022. The inclusion criteria were: infants born
(1) between 37 and 42 weeks of gestation; (2) with a birth
weight between 2,500 and 4,500g; and (3) without any
prenatal and postpartum adverse events. We excluded in-
fants: (1) diagnosed with congenital malformations or
chromosome abnormalities; (2) with a history of gastroin-
testinal diseases; (3) admitted after birth; (4) with a history of
using systemic steroids or antibiotics; (5) exposed to foods
other than breastmilk or formula; and (6) whose parents did
not consent to a stool test.

This study included healthy volunteers. Infants whose
parents consented to the intake of HLp-nF1 for 8 weeks were
classified as the HLp-nF1 group, while the remaining infants
were included in the control group.

2.2. Study Design. The duration of the study was 8 weeks.
HLp-nF1 was manufactured by incubating L. plantarum nF1
for 20h under pH control and then sterilized at 80°C for
10min [31]. Infants in the HLp-nF1 group orally received
a daily dose of two packs of HLp-nF1 (2.5 x 10'° cells/g/pack)
(one pack in the morning and one pack in the afternoon with
feeding). Infants in the control group did not receive ad-
ditional experimental treatment. During the study, all
subjects were instructed not to consume other probiotics or
change their formula. Fecal samples and questionnaires
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regarding weight, height, delivery information, feeding
mode, stool characteristics, and gastrointestinal symptoms
were collected at weeks 0 and 8. This study was approved by
the Institutional Review Board (IRB) of the Ethics Com-
mittee of CHA Bundang Medical Center (IRB no. 2021-07-
077). Written informed consent was provided by the parents
of infants.

2.3. SCFA Analysis. Fecal samples were collected from di-
apers using sterile swabs, immediately transferred to sterile
cryogenic tubes, and stored in a —20°C freezer until delivery
to the laboratory.

SCFAs were extracted from fecal samples (50 mg) using
deionized water (800 uL) and 5M HCI (10 uL). After brief
vortexing, 400 uL of ether was added to the samples, fol-
lowed by mixing and shaking in the refrigerator for 5 min.
After centrifugation (14,000 rpm, for 1 min), 20 yuL of N, O-
Bis (trimethylsilyl) trifluoroacetamide was added to 200 uL
of ether layer, and the mixture was incubated at 70°C for
20 min and at 37°C for 2 h. Subsequently, the derivatives of
SCFAs were assessed.

Gas chromatography analysis was performed using
GC-2010 Plus, GCMS-TQ 8030 (Shimadzu, Tokyo, Japan)
with a DB-5ms column (inner diameter: 30 mm x 250 mm;
film thickness: 0.25 ym; Agilent J&W Scientific, Folsom, CA,
USA). The gas chromatography conditions were as follows:
1 uL of derivatives was injected in split mode with a ratio of
50:1; injection temperature: 200°C; and column oven
temperature: 40°C. The initial temperature was 40°C and
maintained for 2 min; thereafter, it was increased from 40°C
to 70°C at a rate of 10°C/min, from 70°C to 85°C at a rate of
4°C/min, from 85°C to 110°C at a rate of 6°C/min, and finally
from 110°C to 290°C at a rate of 90°C/min; this temperature
was maintained for 6 min. Helium was used as a carrier gas
at a constant flow rate of 0.89 mL/min through the column.
The temperature of the electron impact ion source and
interface were set to 200°C and 250°C, respectively. The
detector energy was 0.1kV, event time was 0.03s, and the
mass spectrum data were collected in scan mode (m/z 117:
acetic acid, 131: propionic acid, 145: butyric acid). The
concentrations of SCFAs were calculated using a standard
solution of butyric acid (B103500; Sigma-Aldrich Co., St.
Louis, MO, USA), propionic acid (94425; Sigma-Aldrich
Co.), and acetic acid (31010S0350; JUNSEI Chemical Co.,
Tokyo, Japan).

2.4. Statistical Analysis. Data were analyzed using de-
scriptive statistics and presented as means with standard
deviations, or as medians with an interquartile range (IQR),
and proportions. Comparisons of the mean values of con-
tinuous and categorical variables between groups were
conducted using the t-test and Fisher’s exact-test, re-
spectively. Linear regression coefficient analyses were used
to calculate unstandardized regression coeflicients. P values
<0.05 de-noted statistically significant differences. All sta-
tistical analyses were performed using IBM SPSS® Statistics
28.0.1.1 (IBM Corporation, Armonk, NY, USA).
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3. Results

3.1. Comparison of Baseline Characteristics between Control
and HLp-nF1 Groups. Forty-three healthy volunteers were
included in this study. The number of subjects included in
the control and HLp-nF1 groups was 13 and 30, respectively.
Baseline characteristics, including sex, birth information,
feeding mode, and age, did not vary significantly between the
two groups (Table 1).

3.2. Comparison of Questionnaire Data after 8 Weeks between
Control and HLp-nF1 Groups. In this study, there were no
cases of withdrawal due to side effects or loss at follow-up.
Hence, a total of 43 subjects completed the questionnaire
after 8 weeks. There was no significant difference between
the two groups in any of the questionnaire items (Table 2).
Mean weight and height after 8 weeks were 6,200g and
62.04 cm in the control group, and 6,285.18 g and 60.57 cm
in the HLp-nF1 group, respectively. Weight and height
growth assessment was properly performed in both groups.
More than half of the cases did not report gastrointestinal
symptoms. Defecation was more frequent in the HLp-nF1
group versus the control group, but the difference was not
statistically significant.

3.3. Concentration of SCFAs and Effect of HLp-nFl
Supplementation. We performed two measurements of
SCFA metabolites at weeks 0 and 8 to observe changes that
occurred during the supplementation of HLp-nF1. Acetate
was the most abundant SCFA, followed by propionate and
butyrate. The concentrations of total SCFAs, acetate, pro-
pionate, and butyrate were significantly increased after HLp-
nF1 supplementation (P <0.0001, P<0.0001, P <0.0001,
and P = 0.028, respectively). Although the same trend was
observed in the control group, the results were not statis-
tically significant (Table 3, Figure 1).

Linear regression coefficient analyses of differences in
the concentration of SCFAs in association with other var-
iables in the HLp-nF1 group were performed to investigate
the effect of HLp-nF1 supplementation. Other variables (i.e.,
sex, age, birth mode, birth weeks, birth weight, birth height,
birth head circumference, and feeding mode) were not
significantly associated with changes in SCFA concentration,
except for birth weeks at the propionate analysis (Table 4).

4. Discussion

In this study, we compared changes in the gut environment
of healthy infants after the administration of HLp-nF1 for
8 weeks by monitoring clinical response and fecal SCFAs.
First, adequate growth was observed in both groups, and
safety was demonstrated. Second, SCFA production was
significantly increased in the HLp-nF1 group compared with
the control group.

In terms of clinical response, there were no cases of
withdrawal due to side effects or gastrointestinal symptoms
reported during the study period. Growth, the most im-
portant factor in infants, was appropriate in terms of height

and weight. Safety is one of the most important criteria in the
selection of probiotic strains for human consumption. In
particular, HLp-nF1 is nonviable heat-killed microorganism,
which exhibits a low risk of sepsis or bacteremia associated
with probiotics [32-37], particularly in critically ill or vul-
nerable patients and pediatric populations, demonstrating
comparable effects to those of viable probiotics
[26, 36, 38-40].

Acetate, propionate, and butyrate account for 85%-95%
of the total SCFAs in all regions of the colon [9, 41]. Notably,
acetate is the most abundant SCFA, accounting for >50% of
the total SCFAs [9, 42]. In accordance with previous studies,
the concentration of acetate was the highest among all
SCFAs in this study. However, the baseline values of fecal
SCFAs and the different age- or diet-related patterns of
change in SCFAs remain unknown [43]. In one study
measuring fecal SCFAs at birth, day 30, and day 60 in healthy
term infants from different feeding groups (i.e., extensively
hydrolyzed formula, amino acid formula, or human milk),
there was no significant trend with increasing age up to day
60. In the human milk group, the average concentration of
total SCFAs at birth, day 30, and day 60 was approximately
40 mmol/g, similar to that of acetate; the average concen-
tration of propionate and butyrate was <2 ymol/g [44]. These
values were similar to the SCFA concentration measured in
the control group at week 8 in our study. While both groups
showed an increasing trend in SCFA concentrations after
8 weeks, the difference was not statistically significant in the
control group. Furthermore, other factors that could affect
the SCFA concentration were evaluated by performing
linear regression coefficient analyses. The results of these
analyses confirmed the relationship between differences in
the concentration of SCFAs and other variables, including
sex, age, birth mode, birth weeks, birth weight, birth height,
birth head circumference, and feeding mode.

It has been shown that SCFAs play a crucial role in
maintaining intestinal and immune homeostasis, particu-
larly in regulating the maturation, integrity, and function of
the gut barrier [9, 43]. After supplying colonocytes, SCFAs
are transported from the intestinal cavity into the blood
vessels and finally to organs as substrates or signaling
molecules to perform numerous physiological functions
[25]. In addition, since 95% of SCFAs are reabsorbed or
metabolized by gut microbiota, small changes in SCFA
concentration in fecal excretion actually represent large
differences in production in the gut [12]. Therefore, the
significant increase in SCFAs recorded after 8 weeks of HLp-
nF1 intake can be considered meaningful.

While SCFA is influenced by multiple factors, the most
significant mechanism inducing a meaningful change in
SCFA concentrations following HLp-nF1 consumption can
be attributed to alterations in the composition of gut
microbiota. In the microbiome analysis of 30 infants within
the HLp-nF1 group, altered bacterial composition after
HLp-nF1 intake was observed; marked increases were noted
in beneficial bacteria, such as Bifidobacterium and Veillo-
nella, while decreases were observed in certain opportunistic
pathogens, including Prevotella, Streptococcus, and Sutterella
(Figure S1, Table S1). Although a comprehensive analysis of
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TaBLE 1: Baseline characteristics of children in the control and HLp-nF1 groups.

n or Mean + SD

P value
Control group (n=13) HLp-nF1 group (n=30)
Sex
Female 7 (53.8) 13 (43.3) 1.00
Male 6 (46.2) 17 (56.7)
Birth mode
NSVD 3 (23.1) 8 (26.7) 0.667
C/S 10 (76.9) 22 (73.3)
Birth weeks 38 (1/7) + 1.05 38 (4/7)+0.82 0.15
Birth weight (g) 3,045.77 £429.10 3,111.33 £285.32 0.56
Birth height (cm) 48.91 £2.51 48.95+1.53 0.96
Birth head circumference (cm) 33.83+1.16 34.23+1.20 0.31
Feeding mode
Formula 10 (76.9) 21 (70.0) 0.689
Mixed 3(23.1) 9 (30.0)
Age (days) 14.92 + 14.16 21.13£22.27 0.361

Data are presented as numbers (percent) or means + SD. Comparisons of mean values of continuous and categorical variables between groups were conducted
using the t-test and Fisher’s exact-test, respectively; P values <0.05 denote statistically significant differences. C/S, cesarean section; HLp-nF1, heat-treated
Lactiplantibacillus plantarum nF1; NSVD, normal spontaneous vaginal delivery; SD, standard deviation.

TaBLE 2: Questionnaire after 8 weeks in the control and HLp-nF1 groups.

n or Mean + SD

P value
Control group (n=13) HLp-nF1 group (n=30)
Weight (g) 6,200.0 + 1,105.29 6,285.18 + 872.45 0.858
Height (cm) 62.04+£6.76 60.57 + 3.50 0.321
Gastrointestinal symptoms
Vomiting 1(7.7) 2 (6.7)
Loose stool or diarrhea 0 (0.0) 3 (10.0)
Constipation 2 (15.4) 1(3.3) 0.361
Poor weight gain 0 (0.0) 2 (6.7) '
Irritability 1(7.7) 2 (6.7)
None 9 (69.2) 20 (66.7)
Stool frequency (per day)
<1 5 (38.5) 5 (16.7)
1 5 (38.5) 8 (26.7)
2-3 3 (23.0) 12 (40.0) 0.254
>3 0 (0.0) 5 (16.7)

Data are presented as numbers (percent) or means + SD. Comparisons of the mean values of continuous and categorical variables between groups were
conducted using the t-test and Fisher’s exact-test, respectively; P values <0.05 denote statistically significant differences. HLp-nF1, heat-treated Lacti-
plantibacillus plantarum nF1; SD, standard deviation.

TaBLE 3: Changes in SCFA concentration in the control and HLp-nF1 groups.

SCFA concentration (ymol/g)

Week 0 Week 8 P value
Control group (n=13)
Total* 13.511 £22.95 26.067 £ 28.04 0.270
Acetate 12.802 +22.35 21.557 +25.81 0.471
Propionate 0.541 +1.03 3.976 +3.63 0.111
Butyrate 0.168 +£0.44 0.534+0.71 0.138
HLp-nF1 group (n=30)
Total 14.398 + 24.146 50.157 £26.761 <0.0001
Acetate 13.898 +£23.232 42.185 +24.401 <0.0001
Propionate 0.347 £1.084 7.157 £5.109 <0.0001
Butyrate 0.153 £0.407 0.816 £1.822 0.028

*Total SCFAs refers to the sum of acetate, propionate, and butyrate. Data are presented as means+ SD. P values <0.05 denote statistically significant
differences. HLp-nF1, heat-treated Lactiplantibacillus plantarum nF1; SCFA, short-chain fatty acid.
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FIGURE 1: Box plots of the concentrations of SCFAs in the HLp-nF1 group.

TaBLE 4: Linear regression coefficients analyses of differences in the concentration of SCFAs in association with other variables in the

HLp-nF1 group.

. Acetate Propionate Butyrate
Variable
B P value B P value B P value

Sex 22.440 0.173 4174 0.096 -0.187 0.843
Age -0.046 0.912 —-0.038 0.544 0.019 0.448
Birth mode 14.612 0.372 1.245 0.611 1.094 0.256
Birth weeks -2.300 0.813 —3.960 0.012 0.294 0.608
Birth weight (g) 0.000 0.994 0.004 0.460 —-0.004 0.109
Birth height (cm) 0.307 0.958 —0.555 0.527 0411 0.234
Birth head circumference (cm) 6.631 0.330 -0.625 0.539 0.439 0.272
Feeding mode -0.256 0.988 2.347 0.347 —1.430 0.147

B denotes unstandardized regression coefficients. P values <0.05 denote statistically significant differences. HLp-nF1, heat-treated Lactiplantibacillus

plantarum nF1; SCFA, short-chain fatty acid.

gut microbiota composition was not conducted in this study,
we hypothesize that ingestion of HLp-nF1 may impact
rebiosis, the re-establishment of the native microbiota, by
serving as a barrier and impeding the colonization of op-
portunistic bacteria [45]. Especially, Lactiplantibacillus
strains enhance the integrity of the intestinal barrier, which
may affect decreasing translocation of bacteria across the
intestinal mucosa [46]. One possible reason for the absence

of an increase in the relative abundance of Lactiplantibacillus
per se is thought to be the low quantity and short duration of
HLp-nF1 administered relative to the total gut microbes.
Nevertheless, this regulation of the gut environment induced
by the supplementation of HLp-nF1 may have affected the
increase in SCFAs by controlling the ratio of beneficial
bacteria to opportunistic pathogens. Previous studies on
L. casei or L. plantarum also showed similar alterations in the



composition of gut microbiota, with changes in SCFAs
[12, 47, 48]. Furthermore, SCFAs are produced by different
bacterial species possessing specific enzymes [49]. The two
genera whose relative abundance increased in this study,
Bifidobacteria and Veillonella, are established SCFA-
producing bacteria. Bifidobacteria mainly produce acetate
and formate through the fermentation pathway under
carbohydrate limitation. They also produce acetate and
lactate when carbohydrates are in excess through the pentose
phosphate pathway [14, 15, 49, 50]. Veillonella produces
propionate through the succinate pathway [51-53]. Human
milk oligosaccharides in breastmilk and galacto-
oligosaccharides or fructo-oligosaccharides in infant for-
mula possess prebiotic properties that allow these bacteria to
effectively produce SCFAs [54, 55]. In addition to these
mechanisms, exopolysaccharides (EPS) (the polysaccharides
synthesized and secreted by bacteria) may also be a major
source of SCFAs. Lactiplantibacillus and Bifidobacterium are
the main EPS-producing strains, and they can degrade and
ferment EPS into SCFAs [56, 57].

A couple of study limitations should be noted. Firstly, the
number of subjects in the control group was relatively small.
Because the study was conducted with healthy infants who
met various conditions, there was difficulty in recruiting
a sufficient number of subjects. Secondly, it was difficult to
control all factors affecting the concentration of SCFAs. The
concentration and ratio of SCFAs are associated with the
composition of the gut microbiome, diet, genetics, and other
environment factors [9, 48]. However, subjects of a similar
age who had a restrictive diet before initiating feeding with
solid food were recruited. Factors that could exert an effect,
such as birth mode, were similar between the two groups.

Nevertheless, the results of this study are significant be-
cause we confirmed that postbiotics intake for a short period
of 8 weeks in infancy, when alterations in the gastrointestinal
environment are very dynamic, induces changes in the
production of SCFAs. This study is also meaningful in that it is
the first study of changes in SCFAs using HLp-nF1 to the best
of our knowledge. Further research and long-term follow-up
studies in various species and numerous strains are warranted
to better understand the effects of postbiotics administration
on the production of specific SCFAs.

5. Conclusions

This study demonstrated that an 8-week oral administration
of HLp-nF1 may increase SCFA production in healthy in-
fants. It can be suggested that the use of postbiotics is a useful
and easy method for manipulating SCFA formation by al-
terations in the human gut microbiota. This approach can be
utilized to prevent or treat intestinal dysbiosis.
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Journal of Nutrition and Metabolism

Ethical Approval

This study was approved by the Institutional Review Board
(IRB) of the Ethics Committee of CHA Bundang Medical
Center (IRB no. 2021-07-077).

Consent

Informed consent was obtained from all parents of subjects
involved in the study. Written informed consent also has
been obtained from the parents of subjects to publish
this paper.

Disclosure

The funding source had no role in study design, imple-
mentation, data collection, analysis, and interpretation, or in
the preparation, review, or approval of the manuscript.

Conflicts of Interest

YWK, KHC, SBM., HLK, KY.P., JAC., and
S.J.J. declare that they have no conflicts of interest. G.H.H.
and S.Y.L. are full-time employee of IMMUNOBIOTECH.

Authors’ Contributions

Y.W.K. and S.J.J. conceptualized the study. Y. W.K,, KH.C,,
S.B.M., HLK, and S.J.J. proposed the methodology. S.B.M.
and H.LK. provided software. Y.W.K, S.B.M., and
S.J.J. contributed to validation. S.B.M. and H.L.K. performed
formal analysis. Y.W.K,, KH.C,, ].A.C., and S.].J. performed
investigation. Y. W.K,, KH.C,,].A.C,, GH.H,S.Y.L,KY.P,
and S.J.J. provided resources. Y.W.K., S.B.M., and H.L.K.
contributed to data curation. Y.W.K. wrote the original
draft. S.J.J. wrote, reviewed, and edited the article. Y.W.K.,
S.B.M., and H.L.K. contributed to visualization. K.Y.P. and
S.J.J. performed supervision. Y.W.K. and S.J.J. provided
project administration. S.J.J. contributed to funding acqui-
sition. All authors have read and agreed to the published
version of the manuscript.

Acknowledgments

We are grateful to all subjects and investigators who par-
ticipated in this study. This research was funded by
IMMUNOBIOTECH, and they provided resource (HLp-
nF1) for the study.

Supplementary Materials

Methods and results about microbiome analysis are included
in the supplementary material (Figure S1, Table S1, and
Method). (Supplementary Materials)

References

[1] E. Thursby and N. Juge, “Introduction to the human gut
microbiota,” Biochemical Journal, vol. 474, no. 11, pp. 1823-1836,
2017.


https://doi.org/10.5281/zenodo.8267872
https://doi.org/10.5281/zenodo.8267872
https://downloads.hindawi.com/journals/jnme/2024/5558566.f1.pdf

Journal of Nutrition and Metabolism

[2] J. G. LeBlanc, C. Milani, G. S. De Giori, F. Sesma,
D. Van Sinderen, and M. Ventura, “Bacteria as vitamin
suppliers to their host: a gut microbiota perspective,” Current
Opinion in Biotechnology, vol. 24, no. 2, pp. 160-168, 2013.

[3] Y. Kwon, Y.-S. Cho, Y.-M. Lee, S.-J] Kim, J. Bae, and
S.-J. Jeong, “Changes to gut microbiota following systemic
antibiotic administration in infants,” Antibiotics, vol. 11, no. 4,
p. 470, 2022.

[4] A.J. Biumler and V. Sperandio, “Interactions between the
microbiota and pathogenic bacteria in the gut,” Nature,
vol. 535, no. 7610, pp. 85-93, 2016.

[5] H.]J. Flint, K. P. Scott, S. H. Duncan, P. Louis, and E. Forano,
“Microbial degradation of complex carbohydrates in the gut,”
Gut Microbes, vol. 3, no. 4, pp. 289-306, 2012.

[6] J. M. Natividad and E. F. Verdu, “Modulation of intestinal
barrier by intestinal microbiota: pathological and therapeutic
implications,” Pharmacological Research, vol. 69, no. 1,
pp. 42-51, 2013.

[7] A. M. Valdes, J. Walter, E. Segal, and T. D. Spector, “Role of
the gut microbiota in nutrition and health,” BM]J, vol. 361,
p. k2179, 2018.

[8] G. T. Macfarlane and S. Macfarlane, “Bacteria, colonic fer-
mentation, and gastrointestinal health,” Journal of AOAC
International, vol. 95, no. 1, pp. 50-60, 2012.

[9] P. Markowiak-Kope¢ and K. Slizewska, “The effect of pro-
biotics on the production of short-chain fatty acids by human
intestinal microbiome,” Nutrients, vol. 12, no. 4, p. 1107, 2020.

[10] D. Rios-Covian, P. Ruas-Madiedo, A. Margolles,
M. Gueimonde, C. G. De Los Reyes-gavilan, and N. Salazar,
“Intestinal short chain fatty acids and their link with diet and
human health,” Frontiers in Microbiology, vol. 7, p. 185, 2016.

[11] Y. P. Silva, A. Bernardi, and R. L. Frozza, “The role of short-
chain fatty acids from gut microbiota in gut-brain commu-
nication,” Frontiers in Endocrinology, vol. 11, p. 25, 2020.

[12] L. Wang, J. Zhang, Z. Guo et al., “Effect of oral consumption
of probiotic Lactobacillus planatarum P-8 on fecal microbiota,
SIgA, SCFAs, and TBAs of adults of different ages,” Nutrition,
vol. 30, no. 7-8, pp. 776-783. el, 2014.

[13] A. P. Chaia and G. Oliver, “Intestinal microflora and meta-
bolic activity,” Gut flora, nutrition, immunity and health,
pp. 77-98, 2003.

[14] S. Macfarlane and G. T. Macfarlane, “Regulation of short-
chain fatty acid production,” Proceedings of the Nutrition
Society, vol. 62, no. 1, pp. 67-72, 2003.

[15] J. G. LeBlanc, F. Chain, R. Martin, L. G. Bermtidez-Humaran,
S. Courau, and P. Langella, “Beneficial effects on host energy
metabolism of short-chain fatty acids and vitamins produced
by commensal and probiotic bacteria,” Microbial Cell Fac-
tories, vol. 16, no. 1, pp. 79-10, 2017.

[16] M. R. Clausen and P. Mortensen, “Kinetic studies on colo-
nocyte metabolism of short chain fatty acids and glucose in
ulcerative colitis,” Gut, vol. 37, no. 5, pp. 684-689, 1995.

[17] J. Tan, C. McKenzie, M. Potamitis, A. N. Thorburn,
C. R. Mackay, and L. Macia, “The role of short-chain fatty
acids in health and disease,” Advances in Immunology,
vol. 121, pp. 91-119, 2014.

[18] H. M. Hamer, D. M. Jonkers, I. B. Renes et al., “Butyrate
enemas do not affect human colonic MUC2 and TFF3 ex-
pression,” European Journal of Gastroenterology and Hep-
atology, vol. 22, no. 9, pp. 1134-1140, 2010.

[19] H. Ohira, W. Tsutsui, and Y. Fujioka, “Are short chain fatty
acids in gut microbiota defensive players for inflammation
and atherosclerosis?” Journal of Atherosclerosis and Throm-
bosis, vol. 24, no. 7, pp. 660-672, 2017.

[20] B. S. Samuel, A. Shaito, T. Motoike et al., “Effects of the gut
microbiota on host adiposity are modulated by the short-
chain fatty-acid binding G protein-coupled receptor, Gpr4l,”
Proceedings of the National Academy of Sciences, vol. 105,
no. 43, pp. 16767-16772, 2008.

[21] E. Le Poul, C. Loison, S. Struyf et al., “Functional charac-
terization of human receptors for short chain fatty acids and
their role in polymorphonuclear cell activation,” Journal of
Biological Chemistry, vol. 278, no. 28, pp. 25481-25489, 2003.

[22] S. Alex, K. Lange, T. Amolo et al., “Short-chain fatty acids
stimulate angiopoietin-like 4 synthesis in human colon ad-
enocarcinoma cells by activating peroxisome proliferator-
activated receptor y,” Molecular and Cellular Biology,
vol. 33, no. 7, pp- 1303-1316, 2013.

[23] K. L. Zambell, M. D. Fitch, and S. E. Fleming, “Acetate and
butyrate are the major substrates for de novo lipogenesis in rat
colonic epithelial cells,” Journal of Nutrition, vol. 133, no. 11,
pp. 3509-3515, 2003.

[24] F. Ribola, F. Cancado, J. Schoueri, V. De Toni, V. Medeiros,
and D. Feder, “Effects of SGLT2 inhibitors on weight loss in
patients with type 2 diabetes mellitus,” European Review for
Medical and Pharmacological Sciences, vol. 21, no. 1,
pp. 199-211, 2017.

[25] J. He, P. Zhang, L. Shen et al., “Short-chain fatty acids and
their association with signalling pathways in inflammation,
glucose and lipid metabolism,” International Journal of Mo-
lecular Sciences, vol. 21, no. 17, p. 6356, 2020.

[26] N. Piqué, M. Berlanga, and D. Minana-Galbis, “Health
benefits of heat-killed (Tyndallized) probiotics: an overview,”
International Journal of Molecular Sciences, vol. 20, no. 10,
p. 2534, 2019.

[27] 7. Zotkiewicz, A. Marzec, M. Ruszczynski, and W. Feleszko,
“Postbiotics-A step beyond pre- and probiotics,” Nutrients,
vol. 12, no. 8, p. 2189, 2020.

[28] G. Vinderola, M. E. Sanders, and S. Salminen, “The concept of
postbiotics,” Foods, vol. 11, no. 8, p. 1077, 2022.

[29] S. Salminen, M. C. Collado, A. Endo et al., “The International
Scientific Association of Probiotics and Prebiotics (ISAPP)
consensus statement on the definition and scope of post-
biotics,” Nature Reviews Gastroenterology and Hepatology,
vol. 18, no. 9, pp. 649-667, 2021.

[30] S.Salminen, M. C. Collado, A. Endo et al., “Author correction:
the international scientific association of probiotics and
prebiotics (ISAPP) consensus statement on the definition and
scope of postbiotics,” Nature Reviews Gastroenterology and
Hepatology, vol. 19, no. 8, p. 551, 2022.

[31] P.-D. Moon, J. S. Lee, H.-Y. Kim et al., “Heat-treated Lac-
tobacillus plantarum increases the immune responses through
activation of natural killer cells and macrophages on in vivo
and in vitro models,” Journal of Medical Microbiology, vol. 68,
no. 3, pp. 467-474, 2019.

[32] S. Bassetti, R. Frei, and W. Zimmerli, “Fungemia with Sac-
charomyces cerevisiae after treatment with Saccharomyces
boulardii,” The American Journal of Medicine, vol. 105, no. 1,
pp- 71-72, 1998.

[33] J. Perapoch, A. Planes, A. Querol et al, “Fungemia with
Saccharomyces cerevisiae in two newborns, only one of whom
had been treated with ultra-levura,” European Journal of
Clinical Microbiology and Infectious Diseases: Official Publi-
cation of the European Society of Clinical Microbiology, vol. 19,
no. 6, pp. 468-470, 2000.

[34] M. Cassone, P. Serra, F. Mondello et al., “Outbreak of Sac-
charomyces cerevisiae subtype boulardii fungemia in patients
neighboring those treated with a probiotic preparation of the



organism,” Journal of Clinical Microbiology, vol. 41, no. 11,
pp. 5340-5343, 2003.

[35] C. Hennequin, C. Kauffmann-Lacroix, A. Jobert et al,
“Possible role of catheters in Saccharomyces boulardii fun-
gemia,” European Journal of Clinical Microbiology and In-
fectious Diseases, vol. 19, no. 1, pp. 16-20, 2000.

[36] D. R. Snydman, “The safety of probiotics,” Clinical Infectious
Diseases, vol. 46, no. s2, pp. S104-S111, 2008.

[37] T. Lherm, C. Monet, B. Nougiere et al., “Seven cases of
fungemia with Saccharomyces boulardii in critically ill pa-
tients,” Intensive Care Medicine, vol. 28, no. 6, pp. 797-801,
2002.

[38] Y. M. Lee, Y. S. Cho, and S. J. Jeong, “Effect of probiotics on
stool characteristic of bottle fed infants,” Functional Foods in
Health and Disease, vol. 9, no. 3, pp. 157-165, 2019.

[39] S.-A. Park, G.-H. Lee, T.-H. Hoang et al., “Heat-inactivated
Lactobacillus plantarum nF1 promotes intestinal health in
Loperamide-induced constipation rats,” PLoS One, vol. 16,
no. 4, Article ID €0250354, 2021.

[40] D.-W. Choi, S. Y. Jung, J. Kang et al., Immune-enhancing
Effect of Nanometric Lactobacillus Plantarum nF1 (nLp-nF1)
in a Mouse Model of Cyclophosphamide-Induced Immuno-
suppression, Korean Society for Microbiology and Bio-
technology, Korea, 2018.

[41] M. Zietek, Z. Celewicz, and M. Szczuko, “Short-chain fatty
acids, maternal microbiota and metabolism in pregnancy,”
Nutrients, vol. 13, no. 4, p. 1244, 2021.

[42] P. Louis, K. P. Scott, S. H. Duncan, and H. J. Flint, “Un-
derstanding the effects of diet on bacterial metabolism in the
large intestine,” Journal of Applied Microbiology, vol. 102,
no. 5, pp. 1197-1208, 2007.

[43] M. Pourcyrous, V. Nolan, A. Goodwin, S. Davis, and
R. Buddington, “Fecal short-chain fatty acids of very-low-
birth-weight preterm infants fed expressed breast milk or
formula,” Journal of Pediatric Gastroenterology and Nutrition,
vol. 59, no. 6, pp. 725-731, 2014.

[44] C. R. Kok, B. Brabec, M. Chichlowski et al., “Stool micro-
biome, pH and short/branched chain fatty acids in infants
receiving extensively hydrolyzed formula, amino acid for-
mula, or human milk through two months of age,” BMC
Microbiology, vol. 20, no. 1, pp. 337-415, 2020.

[45] V. D. Appanna and V. D. Appanna, “Dysbiosis, probiotics,
and prebiotics: in diseases and health,” Human Microbes-The
Power Within: Health, Healing and Beyond, pp. 81-122, 2018.

[46] P. Hemarajata and J. Versalovic, “Effects of probiotics on gut
microbiota: mechanisms of intestinal immunomodulation
and neuromodulation,” Therapeutic advances in gastroen-
terology, vol. 6, no. 1, pp. 39-51, 2013.

[47] S. Nagata, Y. Chiba, C. Wang, and Y. Yamashiro, “The effects
of the Lactobacillus casei strain on obesity in children: a pilot
study,” Beneficial Microbes, vol. 8, no. 4, pp. 535-543, 2017.

[48] N. Joseph, K. Vasodavan, N. A. Saipudin, B. N. M. Yusof,
S. Kumar, and S. A. Nordin, “Gut microbiota and short-chain
fatty acids (SCFAs) profiles of normal and overweight school
children in Selangor after probiotics administration,” Journal
of Functional Foods, vol. 57, pp. 103-111, 2019.

[49] B. Usta-Gorgun and L. Yilmaz-Ersan, “Short-chain fatty acids
production by Bifidobacterium species in the presence of
salep,” Electronic Journal of Biotechnology, vol. 47, pp. 29-35,
2020.

[50] E. Pessione, “Lactic acid bacteria contribution to gut
microbiota complexity: lights and shadows,” Frontiers in
Cellular and Infection Microbiology, vol. 2, p. 86, 2012.

Journal of Nutrition and Metabolism

[51] P. Louis and H. J. Flint, “Formation of propionate and bu-
tyrate by the human colonic microbiota,” Environmental
Microbiology, vol. 19, no. 1, pp. 29-41, 2017.

[52] H. Marchandin, C. Teyssier, ]. Campos et al., “Negativicoccus
succinicivorans gen. nov., sp. nov., isolated from human
clinical samples, emended description of the family Veillo-
nellaceae and description of Negativicutes classis nov., Sele-
nomonadales ord. nov. and Acidaminococcaceae fam. nov. in
the bacterial phylum Firmicutes,” International Journal of
Systematic and Evolutionary Microbiology, vol. 60, no. 6,
pp. 1271-1279, 2010.

[53] N. Reichardt, S. H. Duncan, P. Young et al., “Phylogenetic
distribution of three pathways for propionate production
within the human gut microbiota,” The ISME Journal, vol. 8,
no. 6, pp. 1323-1335, 2014.

[54] S. Moossavi, K. Miliku, S. Sepehri, E. Khafipour, and
M. B. Azad, “The prebiotic and probiotic properties of human
milk: implications for infant immune development and pe-
diatric asthma,” Frontiers in pediatrics, vol. 6, p. 197, 2018.

[55] Y. Vandenplas, E. D. Greef, and G. Veereman, “Prebiotics in
infant formula,” Gut Microbes, vol. 5, no. 6, pp. 681-687, 2014.

[56] N. Castro-Bravo, J. M. Wells, A. Margolles, and P. Ruas-
Madiedo, “Interactions of surface exopolysaccharides from
Bifidobacterium and Lactobacillus within the intestinal en-
vironment,” Frontiers in Microbiology, vol. 9, p. 2426, 2018.

[57] W. Chaisuwan, K. Jantanasakulwong, S. Wangtueai et al,,
“Microbial exopolysaccharides for immune enhancement:
fermentation, modifications and bioactivities,” Food Bio-
science, vol. 35, Article ID 100564, 2020.





