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ABSTRACT
Background: Clostridium butyricum is a butyrate-producing beneficial bacterium and is generally recognized as a

significant indicator of appropriate gut microbial metabolism in human health.

Objective: The synergistic effects of commercially available prebiotic partially hydrolyzed guar gum (PHGG) dietary
fiber as a carbon source on a butyrate-producing bacterial strain were evaluated during in-vitro fermentation with
Clostridium butyricum bacterial strain in a basal medium. Additionally, their prebiotic activities were compared to

those of other dietary fibers.

Methods: The examined functional dietary fiber substrates (PHGG, LMW-PHGG, indigestible dextrin, and inulin)
demonstrated selective prebiotic effects on pH variation of a basal medium, leading to enhanced bacterial growth

and butyrate production with Clostridium butyricum bacterial strains during in-vitro fermentation.

Results: Prebiotic PHGG supplementation had the highest fermentability among dietary fibers, resulting in greater
bacterial growth (ODsso: 1.93 + 0.01) of the Clostridium butyricum strain and enhanced butyrate generation (4.52 +
2.09 mM) after cultivation in a basal medium. A significant difference in promoting bacterial growth (p < 0.05), pH
reduction (p < 0.05), and butyrate production (p < 0.05) compared to indigestible dextrin and inulin was observed.
Mannose demonstrated the strongest butyrogenic effect and improved fermentability on the Clostridium butyricum,
among the studied prebiotic monosaccharides (galactose, glucose, and starch). The order of bacterial growth and
butyrate synthesis was mannose > galactose > glucose > starch. The PHGG with a relatively lower molecular weight
(LMW-PHGG) exhibited the improved bacterial growth of Clostridium butyricum and demonstrated the highest

butyrate production after cultivation in a basal medium. A similar trend was observed when Clostridium butyricum

was cultivated in-vitro using PHGG-supplemented artificial intestinal fluid containing MRS-agar medium.
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Conclusion: These findings suggest that the symbiotic combination of prebiotic PHGG and probiotic Clostridium

butyricum could have major industrial applications as a therapeutic adjuvant for improved gastrointestinal health.
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INTRODUCTION

A complex ecology on microbes colonizes the human
intestine, and the variety of intestinal microbial flora is
linked to different physiological phenomena in both
health and disease. The robustness of the healthy
microbial flora protects us against impairment of
health and metabolic disorders [1-5]. In the bacterial
population of the human gut, the genus Clostridium
butyricum is defined as a butyrate-producing beneficial
bacterium, which produces one of the most dominant
fermentation end-products produced via the butyrate
kinase (buk) pathway [6]. The majority of Firmicutes
are butyrate-producing commensal bacteria, primarily

anaerobes. Certain Clostridium butyricum strains,

notably the commercially available MIYAIRI 588, have
been routinely used as probiotics in Japan, Korea, and
China for decades [7]. The studies revealed that
MIYAIRI 588 administration increased the beneficial
microorganisms’ abundance. As a result, butyrate- and
butyrate-producing bacteria are generally recognized
as significant indicators of appropriate gut microbial
metabolic homeostasis in human health.

Prebiotics are substrates that are indigestible by
the host but are utilized by gut microorganisms to
confer some health benefits [8]. They comprise mainly
polyols, oligosaccharides, and soluble fiber. Partially
hydrolyzed guar gum (PHGG) is a soluble prebiotic

dietary fiber derived from the enzymatic degradation
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of the endosperm of guar beans [9-10]. It has been
extensively researched in recent decades due to its
numerous beneficial activities, associated with the
reduction of constipation and diarrhea symptoms,
irritable bowel syndrome (IBS), small intestinal
bacterial overgrowth, pediatric functional
gastrointestinal disorders, a role in satiety, and
metabolic syndrome-related functions like aberrant
lipid and glucose metabolism [11-17]. Previous
research using human and experimental animal models
has revealed that PHGG dietary fiber enhances the
proliferation of beneficial bacteria as well as the
formation of short-chain fatty acids (SCFAs), because of
their ameliorative influence on intestinal health [18-
19]. Prebiotic PHGG serves as food for colonic bacteria,
which play an important role in the metabolism of
dietary carbohydrates and polysaccharides that human
enzymes are unable to completely digest. Short-chain
fatty acids (SCFAs) are the primary metabolites
produced in the intestinal lumen by anaerobic bacterial
fermentation of predominantly undigested dietary
carbohydrates. The SCFAs in the intestine are mostly
composed of acetate, propionate, and butyrate, with a
mean molar ratio in the colon of about 60:20:20 [20-
21]. SCFAs are major anions in the colon that are
rapidly absorbed and accelerate water and sodium
absorption while decreasing colonic pH, stimulating
intestinal  peristalsis, improving the intestinal
microenvironment, and regulating the colon's micro-
ecological equilibrium [22].

Different intestinal flora produces different
SCFAs, which are engaged in metabolism and play an
essential role in host health. In particular, butyrate
plays a crucial role as a primary energy source for
colonocytes, enterocytes, and epithelial cells, while
also regulating various cellular functions to maintain
colonic health [16—19]. PHGG is fermented by intestinal
microorganisms, which results in the formation of
SCFAs, particularly butyrate [23-24]. A previous clinical
investigation revealed that PHGG consumption
stimulated the proliferation of SCFAs-producing

bacteria in the intestine, particularly Bifidobacterium
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and butyrate-producing bacteria [10]. As a result,
PHGG has proven beneficial for improving the
intestinal microbial flora and the production of SCFAs.

Research on the Clostridium butyricum probiotic
has primarily focused on its potential benefits to
intestinal health and overall well-being [25]. Studies
have shown that Clostridium butyricum, a spore-
forming gram-positive butyrate-producing anaerobic
bacteria found in the human intestine, is classified
mostly as a Firmicutes [26-29] and is crucial in
maintaining gut homeostasis. Clostridium butyricum
supplementation has been linked to improved gut
barrier function and enhanced epithelial barrier
integrity by modulating the immune response and
inhibiting inflammation in the gut [30-31].
Furthermore, Clostridium butyricum has been studied
for its ability to protect the human gut from a variety
of intestinal conditions, including intestinal injuries and
infections, as well as its potential to treat
gastrointestinal disorders like inflammatory bowel
disease and irritable bowel syndrome [32]. Clostridium
butyricum -containing diets could potentially improve
growth performance, SCFAs production, and microbial
community stability in the human gut. Further, the
combination of specific strains of probiotics and fibrous
prebiotics that function synergistically is described as a
synbiotic. They are generally more effective than
probiotics or prebiotics when administered alone
regarding intestinal health and function [8, 33].
Synbiotics have shown promising outcomes, despite
the modest amount of research conducted to date.
Several isolated Clostridium butyricum strains have
been identified as mannanase producers [26, 34]. As a
result, the dietary fiber PHGG was hypothesized as a
suitable synergistic carbon source for Clostridium
butyricum. The combination of Clostridium butyricum
and PHGG may be employed as a viable and successful
synbiotic, but their potential synergistic effects in the
human gut still need to be determined. Until date,

limited research has investigated the efficacy of
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synbiotics including Clostridium butyricum and PHGG in
promoting enhanced bacterial growth and intestinal
health, or the underlying mechanisms.

In this study, we conducted a thorough
examination of the synergistic effects of a
commercially available PHGG (Sunfiber®) on
Clostridium butyricum to increase butyrate production.
We compared the utilization preferences and
metabolic variations of two PHGG dietary fibers of
different molecular weights with indigestible dextrin
and inulin, as well as galactosyl and mannosyl
oligosaccharides  (non-digestible  carbohydrates),
glucose, and starch, during in-vitro fermentation by
intestinal microorganisms. Clostridium butyricum was
selected as the target strain to evaluate its growth and
metabolism in the presence of these prebiotics.
Although the effects depend on each host's unique
indigenous microbial flora, the combination of
prebiotic dietary fiber PHGG and Clostridium butyricum
probiotics is effective and can provide useful
information for their further application as prebiotics.
This would be a promising direction for the
development of synbiotics in the area of functional

food ingredients.

MATERIALS AND METHODS

Bacterial strain and partially hydrolyzed guar gum:
The spore-forming bacterial strain  Clostridium
butyricum TO-A was provided by Toa Pharmaceutical
Co., Ltd. The commercially available partially
hydrolyzed guar gum (PHGG; proprietary name
Sunfiber®; average molecular weight ~20,000 Dalton;
produced by Taiyo Kagaku Co. Ltd., Japan) and
modified PHGG with low molecular weight (LMW-
PHGG; Mw: ~6000 Dalton) were investigated as
primary carbon sources in this study, along with
indigestible dextrin and inulin dietary fibers. In
addition, the monosaccharides mannose, galactose,
glucose, and starch were also probed as carbon sources
under identical conditions, as they are the primary

components of dietary fibers examined in this study.
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Culture conditions and in-vitro fermentation: The
compositional description of MRS-agar (De Man-
Rogsa-Sharpe agar; Difco Laboratories, Detroit, M,
USA) used in this study was as follows: proteose
peptone No. 3 (10 g); beef extract (10 g); yeast extract
(5 g); dextrose (20 g); polysorbate 80 (1 g), ammonium
citrate (2 g); sodium acetate (5 g); magnesium Sulfate
(0.1 g); manganese Sulfate (0.05 g); dipotassium
phosphate (2 g); agar (15 g) per litter of deionized
water. Clostridium butyricum TO-A strain stored at -80
°C was pre-cultured using MRS-agar medium (10 mL),
modified according to guar medium reported
elsewhere [30], infilled, firmly capped vials under
anaerobic ambient conditions (H2:CO2:N2, 10:10:80,
v/v/v) at 37 °C for 48 h. One mL of the pre-culture was
inoculated into 10 mL of basal medium comprising
1.0% carbon sources (PHGG, LMW-PHGG, indigestible
dextrin, inulin, starch, glucose, mannose, or galactose)
and 0.01% vyeast extract (Difco Laboratories, Detroit,
MI, USA) in per-liter basal medium at pH 7.0. The basal
medium contained (NH4)2HPO4 (1.0 g); KH2PO4 (0.2 g);
K2HPOs (1.6 g); MgS04:7H20 (0.2 g); NaCl (0.1 g);
CaCl»2H.0 (0.02 g); FeSO4+7H.0 (0.01 g);
NazMo00s4.-2H20 (0.5 mg); Na:W04-2H20 (0.5 mg);
MnSOs (0.5 mg); L-cysteine HCI-H.O (0.25 g); and
Na2S-9H20 (0.25 g) in 1 L of distilled water at pH 7.0.
The in-vitro fermentation was carried out in 10 ml
firmly capped vials (sterilized at 110 °C for 15 min
before use) of the basal medium at 37°C for 120 h with
continuous shaking. Then, the effects of different
carbon sources on bacterial growth, pH alteration, and
butyrate production were investigated. The
experimental protocols are detailed in Figure 1 (see
Protocol A).

In another experiment referred to as protocol-B,
the artificial intestinal fluid contained MRS-agar
medium (Difco, MI, USA) comprising 0.2% gall powder
(Wako Chemicals, Tokyo, Japan), which was mixed with
either 1.0% PHGG or LMW-PHGG at a spore
concentration of 1 x 108 CFU/g. Clostridium butyricum
TO-A (3x10° spores/10 ml) were inoculated into the

above growth medium in firmly capped vials (sterilized
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at 110 °C for 15 min before use). In-vitro fermentation
was carried out at 37 °C for 120 h and performed in
triplicate. Aliquots of the incubated artificial intestinal
fluid were collected at each time point at 8, 24, 48, and
120 h of fermentation. Similarly, the synergistic effects
of prebiotic PHGG dietary fiber supplementation on
bacterial growth, pH alteration, and enhanced butyrate
production were investigated. The procedures adopted

above are described in Protocol B (see Figure 1).

Sample analysis: Bacterial (cell) growth was measured

by detecting the culture medium's absorbance at 660
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nm (ODeso) during in-vitro fermentation. The pH and
butyrate concentrations were also measured. To
analyze the concentration of short-chain fatty acids
(SCFAs), the collected samples were centrifuged at
10,000 x g for 3 min at 4 °C, and the supernatant was
then filtered through a cellulose-acetate membrane
filter (pore size, 0.45 um). The yield of organic acids
(lactate, formate, acetate, iso-butyrate, and butyrate)
was determined by ion-exclusion high-performance
liquid chromatography (HPLC; GC2010 Plus system;
Shimadzu, Kyoto, Japan) equipped with a DB-FFAP
column (AgilentTechnologies, Santa Clara, CA, USA) as

described elsewhere [35].

Protocol 1: Comparison of bacterial growth and butyrate production
with different carbon sources in a synbiotic combination Clostridium
butyricum (TO-A) culture.

/Clostridium butyricum (TO-A) pre-cultured in MRS Agar medium

@37°C for 48 h, continuous shaking
Slightly anaerobic state (without headspace)

Inoculation (1 mL of Clostridium butyricum pre-culture in basal medium)

Carbon Sources (1.0 % in 10 mL of basal medium; pH 7.0):

\

|

Cultivation

l @37°C for 120 h,

Analysis (in triplicate)

* Bacterial growth (ODgg)
* pH estimation

N

Saccharides: Galactose, Mannose, Glucose, Starch
Dietary fibers: PHGG, LMW-PHGG, Inulin, Indigestible Dextrin

Continuous shaking in 10 mL tightly capped vials

* Short Chain Fatty Acids (SCFAs; Organic acids) analysis

Protocol-2: Synergistic effect of prebiotic PHGG dietary fiber
supplementation on Clostridium butyricum (TO-A) culture for enhanced
bacterial growth and butyrate production in artificial intestinal fluid.

Inoculation

Cultivation

@37°C for 120 h,

Sampling

!

Analysis (in triplicate)
* Bacterial growth (ODgg)
* pH estimation

/Artificial Intestinal Fluid modified with PHGG of varied molecular weight\

MRS Agar medium, 98.8 g; Gall powder, 0.2 g; PHGG, 1.0¢g

l Spores of Clostridium butyricum (3 x 10 ¢ spores/ 10 mL)

Continuous shaking in 10 mL tightly capped vials

Incubated artificial intestinal fluid aliquots,
Collected after 8, 24, 48, and 120 h of cultivation

N Short Chain Fatty Acids (SCFAs; Organic acids) analysis Y.

Figure 1. Protocols of experimental procedures adopted for the utilization of prebiotics were examined in the present

study for enhanced butyrate production.
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Statistical analysis: The results were expressed as the
mean (M) % standard deviation (SD), and the
differences were considered statistically significant at
p < 0.05. Significant differences in the pH of basal
medium, bacterial growth ODeso, and butyrate
production were assessed between the samples
collected from two groups of dietary fiber as carbon
sources using the Mann-Whitney U test. While the
significance difference in the time course of pH of basal
medium, bacterial growth ODeso, and butyrate
production was assessed either by a paired student t-
test or a non-parametric Wilcoxon signed rank test,
statistical analysis was performed using either Excel
Spreadsheet Software or JMP 14.0 Software (SPSS Inc.,

Chicago, IL, USA).

RESULTS

Effect of dietary fiber supplementation as a carbon
source on Clostridium butyricum: To investigate the
synergistic effect of dietary fibers on Clostridium
butyricum for enhanced butyrate productivity, the
dietary fibers PHGG, LMW-PHGG, indigestible dextrin,
and inulin as effective carbon sources were
investigated, with bacterial growth, change in pH of the
basal medium, and organic acid production were
compared. Short-chain fatty acids (SCFAs) production
can be accompanied by bacterial growth; thus, pH and
concentrations of various organic acids were measured
in the culture medium. The primary fermentation end
products were lactate, formate, acetates, iso-butyrate,
and butyrate. Clostridium butyricum bacteria grew
relatively slowly in the absence of dietary fiber
supplementation. Incubation with 1.0% PHGG as a
carbon source resulted in a significant (p < 0.05) higher

growth of Clostridium butyricum compared to
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indigestible dextrin and inulin, as indicated by higher
ODeoo values (Figure 2a). However, inulin was
discovered to have the least bacterial growth of
Clostridium butyricum among the dietary fibers
examined. Figure 2b shows that the pH of PHGG-
supplemented culture media declined significantly (p <
0.001) compared to those supplemented with
indigestible dextrin and inulin. In the same culture
medium (Figure 2c), Clostridium butyricum produced
considerably more butyrate (p < 0.05) with PHGG
addition compared to other dietary fibers.

To further support the aforementioned finding,
the monosaccharides mannose, galactose, glucose,
and starch were also probed as carbon sources under
identical conditions, as these are the primary
components of dietary fibers examined in this study.
Clostridium butyricum thrived well on mannose and
galactose, as evidenced by higher ODseo values (Figure
3a), which are the primary components of PHGG
dietary fiber, outperforming glucose, and starch (the
components of indigestible dextrin and inulin). While
the pH of the basal medium did not change significantly
during the in-vitro fermentation (Figure 3b), mannose
and galactose were also found to demonstrate
suitability for Clostridium butyricum utilization,
resulting in a significantly higher level of butyrate
(Figure 3c) without causing a decrease in the
fermentation pH. Figure 4 illustrates the profile of
organic acid (short-chain fatty acids; SCFAs) production
with each carbon source investigated in this study
utilized by Clostridium butyricum bacterial stain during
in-vitro fermentation for 120 h. The prebiotic PHGG
dietary fiber produced increased butyric acid

compared to inulin or digestible dextrin.
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Figure 2. Synergistic effect of different prebiotic dietary fiber supplementation as a carbon source on Clostridium

butyricum bacterial stain for enhanced butyrate production during in-vitro fermentation. (a) bacterial growth (ODseo),

(b) variation in pH of basal medium, and (c) butyrate production. [Statistical significance: p < 0.05]
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Figure 3. Utilization of prebiotic monosaccharides (non-digestible carbohydrates) by Clostridium butyricum bacterial
stain during in-vitro fermentation. (a) bacterial growth (ODseo), (b) variation in pH of basal medium, and (c) butyrate
production. [Statistical significance: p < 0.05*; different letters indicate significantly different results]
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Figure 4. Profile of organic acid (short-chain fatty acids; SCFAs) production with each carbon source examined in this

study utilized by Clostridium butyricum bacterial stain during in-vitro fermentation for 120 h. Prebiotic PHGG dietary

fiber showed enhanced production of butyric acid compared to inulin and digestible dextrin.

Synergistic effect of PHGG on Clostridium butyricum
utilization in artificial intestinal fluid: Figures 5 and 6
revealed the findings of assessing the PHGG function in
the intestine. The pH of the Clostridium butyricum-
inoculated artificial intestinal fluid with growth
nutrients (MRS-agar medium) decreased with and
without supplementation of PHGG. Figure 5a depicts
an image of bacterial growth with and without
prebiotic PHGG, demonstrating the synergistic effect of
PHGG dietary fiber supplementation on Clostridium
butyricum ricum (TO-A) spores in artificial intestinal
fluid. The Clostridium butyricum bacteria in the
examined samples consumed the PHGG
(carbohydrates), lowering the pH of the medium that
accompanied bacterial growth and was attributable to
the formation of organic acids. During the in-vitro
fermentation process, the pH of the medium gradually
decreased, and the incubated artificial intestinal fluids
slowly turned blurred (see Figure 5b).

Despite significant pH shifts throughout the first 8
hours, butyrate generation was minimal. However,

LMW-PHGG produced substantial amounts of butyrate

after 24 hours of cultivation. Following that, a drastic
and considerable reduction in pH was accompanied by
a significant increase in butyrate production, indicating
the rapid utilization of the PHGG to generate SCFAs,
particularly butyrate (Figure 6a). After 48 hours of
cultivation, the rate of butyrate production was
extremely low in the absence of PHGG dietary fiber
supplementation. Furthermore, LMW-PHGG had a
considerably different rate of pH lowering over time, as
well as the highest yield over time for butyrate
generation. Thus, butyrate production was remarkably
improved after 48 h of cultivation (p <0.05) by 2.11 and
2.61 folds when PHGG and LMW-PHGG, respectively,
were supplemented to the Clostridium butyricum
growth medium. For all samples examined, the pH was
in the range of 5.2 and 5.3, and butyrate production
was consistent between 7.1 and 7.8 mM after 120 h of
cultivation (see Figure 6b). These findings further
suggest that Clostridium butyricum may thrive well
even in artificial intestinal fluid, where the Clostridium
butyricum bacterial strain preferentially utilizes the

prebiotic PHGG.
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Figure 5. Prebiotic partially hydrolyzed guar gum (PHGG) dietary fiber supplementation promotes the bacterial growth
of the spores of Clostridium butyricum (TO-A) culture during in-vitro fermentation in artificial intestinal fluid containing
MRS-agar medium. (a) Image of bacterial growth with and without PHGG, and (b) Incubated artificial intestinal fluids
turned cloudy after 8, 24, and 48 h of cultivation.
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Figure 6. (a) Change in pH of the artificial intestinal fluid containing MRS-agar medium, and (b) the yield of butyrate
production, with time on course cultivation during the utilization of prebiotic PHGG dietary fibers with varied molecular
weight by Clostridium butyricum bacterial stain. [Artificial intestinal juice containing MRS-agar growth medium: o

without PHGG; A with PHGG; and A with LMW-PHGG].
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DISCUSSION

Partially hydrolyzed guar gum (PHGG) is a promising
prebiotic dietary fiber with monomeric compositions
such as galacto-oligosaccharides (composed of B-(1, 4)-
linked galactose) and manno-oligosaccharides
(composed of pB-(1, 4)-linked D-mannoses) for
increasing of intestinal butyrate production and
improving intestinal absorption functions [36-37]. The
structural composition of non-digestible
carbohydrates, the type of glycosidic bonding, degree
of polymerization and branching, and molecular weight
have shown a significant influence on their in-vitro
fermentation characteristics. Thus, the in-vitro
fermentation of dietary fibers and monosaccharides
investigated in this study was typically associated with
a varying production of short-chain fatty acids and
concomitant decreases in the pH of the medium.
Supplementation with PHGG dietary fiber and
oligosaccharides, including galactose or mannose on
the Clostridium butyricum bacterial strain, resulted in a
substantial proliferation-promoting impact and
delivered a specific pattern of SCFAs with predominant
butyrate production as the primary constituent. This
may be attributed to their common B (1->4) glycosidic
bond structure [38]. In contrast, indigestible dextrin,
inulin, oligosaccharides containing glucose, or starch
exhibited a lower proliferation-promoting impact. This
suggested that the prolific consumption characteristics
of the non-digestible carbohydrates examined in this
study with varying structural components during
bacterial stain fermentation could differ significantly.
Considering the resulting production of butyrate from
all dietary fibers examined as a carbon source in this
study, the prebiotic PHGG dietary fibers were typically
beneficial for Clostridium butyricum in terms of
bacterial growth, and the pH was concomitantly
reduced, which can be attributed to the establishment
of a healthy microbial community for improved
intestinal health. Because oligosaccharides containing
mannose or galactose are known to be effective
butyrogenic substrates [39], the PHGG dietary fiber (a

galactomannosyl non-digestible carbohydrate) has

FFHD Page 465 of 469
strong prospective and promising potential as a
butyrogenic prebiotic.

Furthermore, when PHGG and LMW-PHGG were
compared, although there were no significant
differences between the groups, LMW-PHGG was more
likely to increase Clostridium butyricum growth and
butyric acid synthesis than PHGG. The findings
demonstrate that Clostridium butyricum utilized LMW-
PHGG relatively quickly, and the rate of utilization
corresponded to the bacterial growth results, as
evidenced by enhanced butyrate production. Non-
digestible carbohydrates with a lower polymer degree
have been reported to be preferentially consumed by
bacterial stains [40]. Previously, it was reported that
the lower molecular weight exopolysaccharide from
the medicinal fungus was utilized more rapidly by the
fecal microbiota, resulting in a beneficial fecal
microbial modification when compared to the original
exopolysaccharide [41]. In another study, the lower
molecular weight blackberry polysaccharide was
shown to be more easily degraded by gut bacteria,
which affected its fermentation capabilities [42]. The
above inference is corroborated by results obtained
with oligosaccharides constituted of galactose, or
mannose, which exhibited increased butyrate-
producing related bacteria and relatively higher
butyrate production when compared to PHGG
prebiotic dietary fibers (see Figures 2c and 3c).
Mannose and galactose prebiotics have a lower
molecular weight than PHGG. Therefore, they were
easily utilized by the Clostridium butyricum bacterial
strain. On the other hand, the presence of the
polymeric degree of the chain of galactomannan in
PHGG dietary fiber, which may also be influenced by
the galactose side chain branches, may have restricted
the rapid degradation of the polysaccharide backbone
structure by Clostridium butyricum during the in vitro
fermentation process. However, considering that the
actual gut ecosystem contains a variety of bacteria,
different carbohydrates, and other nutrients, these

factors need to be considered. In an in vitro culture
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system using human feces, which includes various
bacterial species, a study comparing the fermentability
of PHGG with average molecular weights of 20 kDa and
5 kDa observed minor differences in the bacterial
species each promoted and the extent of short-chain
fatty acid production. Nonetheless, no significant
differences were discovered, and the fermentation
rates were comparable. It is concluded that PHGG will
have identical prebiotic effects regardless of molecular
weight [43]. Therefore, it is necessary to investigate the
cross-feeding  interactions between  Clostridium
butyricum and other gut bacteria to better understand
the synbiotic effects of Clostridium butyricum and
PHGG.

In clinical research, Ohashi and colleagues
revealed that consuming PHGG dietary fiber
dramatically raised copy numbers of the butyryl-CoA-
transferase gene and the 16S rRNA gene of butyrate-
producing bacterium strain SS2/1 [10]. The butyryl-
CoA-transferase pathway in Clostridium strains is
responsible for the majority of intestinal butyrate
synthesis [10, 44-45]. Clostridium butyricum is
symbiotic with its host and thrives by digesting PHGG
dietary fiber, mostly producing butyrate via the buk
pathway [6]. However, the enhancement of butyrate
production is dependent on the intestinal microbial
flora of individuals. As a result, the synergistic
combination of prebiotic PHGG dietary fiber and
probiotic Clostridium butyricum (synbiotics) could be
extremely effective for preserving human intestinal
health. Thus, considering the observed specific
Clostridium  butyricum  bacterial growth and
metabolism patterns, the prebiotic PHGG dietary fiber
having galactomannosyl structure (i.e., a constituent
with a directional combination of galactosyl and
mannosyl carbohydrates) appears to be suitable for
butyrate production by Clostridium butyricum and

could show great potential for industrial applications.

CONCLUSION
Health promotion is the primary benefit of functional

foods [46]. The present research is novel because it
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explores an innovative approach that showcases the
evolving understanding of how functional dietary fiber
and its components can interact with beneficial gut
microbiota, which in turn promotes gut health and
improves gut barrier function. The study addresses the
synergistic effects of prebiotic partially hydrolyzed guar
gum (PHGG) dietary fiber and Clostridium butyricum (a
butyrate-producing  bacteria) in a  synbiotic
combination on increased bacterial growth and
enhanced butyrate production. The variation in pH of
basal medium, bacterial growth, SCFAs production, and
prebiotic non-digestible carbohydrate utilization were
investigated, and the examined monosaccharides and
dietary fiber substrates exhibited distinctive prebiotic
effects for Clostridium butyricum bacterial stain. The
fermentation characteristics of Clostridium butyricum
with prebiotics PHGG investigated in this study reflect
the extent to which this functional dietary fiber would
promote bacterial growth with a rapid rate of
utilization by Clostridium butyricum for enhanced
butyrate production during the in-vitro fermentation.
Also, the butyrate production when utilizing prebiotic
PHGG dietary fiber by Clostridium butyricum was
discovered to be insignificantly related to the varying
molecular  weights of these non-digestible
carbohydrates. Although additional well-designed
human clinical studies are necessary, the use of PHGG
dietary fiber as a prebiotic supplement in conjunction
with Clostridium butyricum has shown promise and
provided a rational basis for establishing the industrial
development of novel synbiotics with Clostridium
butyricum to maintain gut health and promote and

regulate a balanced intestinal microecology.
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