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ABSTRACT: This study investigated the fermentation characteristics of o A & A A A4
different hemicellulose components using a fecal inoculum derived from Sucking piglet fecal inoculum LJ LJ LJ LJ LJ
suckling piglets. The results showed that after 60 h of fermentation, the llm'mv fermentation
arabinogalactan (Ara—gal), glucomannan (Glu-man), galactomannan (Gal- . ) —

s - . Different hemicellulose components E——
man), and mannan (Man) groups exhibited similar levels of gas production, | e —
which were higher than those of the f-glucan (f-Glu) group. The f-Glu Gas production and pH
group had the lowest pH value. After 48 h of fermentation, the Ara-gal group MCP and NH;-N F——
had the highest microbial crude protein content and the lowest ammonia Microbial communities
nitrogen content. The Glu-man, Gal-man, and Man groups produced similar SCFA production
amounts of acetate, propionate, and total short-chain fatty acids (SCFAs), i N
which were higher than those in the Ara-gal and $-Glu groups. Furthermore, o

Fermentation characteristics

the Man and Ara-gal groups showed the highest butyrate production.
Significant differences in the microbial community composition were
observed among the groups. Correlation analyses further revealed that the
abundance of specific bacteria, such as Prevotella_9 and Parabacteroides, was closely related to the production of acetate, propionate,
and butyrate. These results suggest that Glu-man, Gal-man, and Man undergo rapid fermentation, with Ara-gal following, while j-
Glu ferments the slowest. The distinct fiber compositions and fermentation properties of different hemicellulose components
significantly influence the microbial composition and SCFA production. Our findings offer valuable theoretical insights for selecting
fiber components in the diets of suckling piglets and potentially in infants.

Bl INTRODUCTION The suckling period is a critical stage for mammals during
Dietary fiber (DF) is defined as the indigestible portion of food which oifspring rely solely on maternal milk for their
derived from plants.” Over recent decades, an increasing nutrients.”> Research indicates that certain oligosaccharides
amount of research has indicated that DF provides numerous found in maternal milk can assist in establishing a healthy gut
health benefits to the host, including the enhancement of microbial composition in the offspring.'® These early microbial

immune function,”*modulation of gut microbial composition,4
and promotion of weight loss.” The characteristics of DFs,
such as hydration,6 Viscosity,7 and fermentability,8 determine
their functions. The endogenous enzymes of monogastric

communities are crucial for the development of the immune
system and overall health. However, there is limited research

exploring whether additional exogenous DF is necessary for

animals cannot digest DF, but it is metabolized by the offspring during this period. Given the rapid growth and
microbiota in the hindgut, producing short-chain fatty acids development occurring during the newborn period, under-
(SCFAs) that possess numerous physiological functions.” standing the potential benefits of DF supplementation is

SCFAs, such as acetate, propionate, and butyrate, play critical
roles in maintaining gut health, modulating immune responses,
and serving as energy sources for colonic cells.'” Thus, the
health benefits of DF are primarily mediated through
microbiota metabolism. It is now widely accepted that the
composition of hindgut microorganisms and the production of
SCFA are influenced by the structure and composition of
DFE."'™'* Understanding these interactions is crucial for
optimizing DF intake to enhance health outcomes.

important for improving health outcomes in suckling piglets.
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Figure 1. Cumulative gas production profiles of different hemicellulose components during in vitro fermentation by suckling piglet’s fecal inoculum

(n = 4).

Table 1. In Vitro Fermentation Cumulative Gas Production per 4 h of Different Hemicellulose Components (mL) (n = 4)¢

experiment groups

time Bal Man Gal-man Glu-man B-Glu Ara-gal SEM P-value
4h 0 3.0 2.8 6.5 4.0 3.0 0.56 0.08

8h 8.5 11.5 14.7 19.0 21.5 13.5 1.80 0.28

12h 17.5° 47.5b 69.7° 62.0° 36.0% 22.0% 5.53 <0.01
16 h 17.5¢ 82.5% 107.2° 98.0° 49.5% 41.5° 8.85 <0.01
20 h 22.5° 128.5% 141.2° 136.0°* 61.5° 78.7° 11.78 <0.01
24 h 43.54 167.3% 168.5° 171.5° 80.5° 111.7° 13.01 <0.01
28 h 58.2¢ 181.5% 180.5% 185.2° 110.5° 149.7° 12.34 <0.01
32h 68.2° 189.5% 184.5% 188.7° 125.5° 178.0° 11.89 <0.01
36 h 69.7° 192.0°* 188.0° 191.2° 136.5° 190.0° 12.01 <0.01
40 h 69.7° 195.8° 192.5% 196.2* 146.5° 199.0° 12.38 <0.01
44 h 69.7° 196.8* 195.5° 200.7° 154.5° 206.5° 12.68 <0.01
52h 69.7° 197.5% 199.5° 206.2° 163.5° 206.5° 12.82 <0.01
60 h 69.7° 197.5% 199.5° 206.2° 172.5° 206.5° 12.77 <0.01

“Bal, blank; Man, mannan; Gal-man, galactomannan; Glu-man, glucomannan; §-Glu, f-glucan; Ara-gal, arabinogalactan; SEM, standard error of
least squares means. The different superscript letters (a, b, ¢, d, e) in a row indicate significance (P < 0.05). The data were analyzed using one-way

ANOVA with Tukey’s post hoc test.

DF is primarily composed of cellulose, hemicellulose, lignin,
and various polysaccharides, each contributing uniquely to its
health benefits. Hemicellulose is a primary component of DF
and, in contrast to cellulose, comprises more diverse
components and shorter linkages.'” This structural diversity
allows different types of hemicelluloses to exhibit varying
physicochemical characteristics, particularly in terms of
fermentability.'® Evaluating the fermentation characteristics
of DF components is an effective method for understanding
their role in host health. Currently, there are two primary
methodologies for studying the fermentability of DF: in vitro
and in vivo approaches. In vitro methods, where metabolites are
neither absorbed nor further metabolized, have been
demonstrated to be a reliable approach for evaluating the
fermentability of DFE.'"” This approach allows for precise
control over experimental conditions and the isolation of the
effects of specific DF components on microbial activity and
metabolite production.

In this study, we selected the main hemicellulose
components, including arabinogalactan (Ara-gal), f-glucan
(f-Glu), glucomannan (Glu-man), galactomannan (Gal-man),
and mannan (Man), to investigate potential differences in their
fermentation characteristics. We use indices such as gas
production, SCFA production, microbial composition, micro-
bial crude protein (MCP), and ammonia nitrogen (NH;-N) to
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assess these characteristics. By comparing these different
hemicellulose components, we aim to elucidate their distinct
impacts on gut microbiota and fermentation processes, which
may provide a theoretical foundation and reference for the
application of DF during the breastfeeding period, ultimately
contributing to better nutritional strategies and health
outcomes for suckling piglets.

B RESULTS

Differences in Cumulative Gas Production among
Hemicellulose Components during Fermentation. The
cumulative gas production (GP) of different hemicellulose
components during in vitro fermentation is shown in Figure 1
and Table 1. From O to 8 h, the difference in the GP was not
significant among all groups. During 8 to 16 h, the Gal-man
and Glu-man groups had significantly higher GP compared
with f-Glu and Ara-gal groups (P < 0.05). Compared with the
Ara-gal group, the Man group had more GP (P < 0.0.5). From
16 to 28 h, the Man, Gal-man and Glu-man groups showed
similar levels of GP that were higher than those of #-Glu and
Ara-gal groups (P < 0.05). From 28 to 60 h, the -Glu group
had lower GP than the other hemicellulose component groups.

Difference in pH, MCP, and NH;-N among Hemi-
cellulose Components after Fermentation. The pH value
was determined after measuring gas production, and the

https://doi.org/10.1021/acsomega.4c08848
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Figure 2. Effects of different hemicellulose components on fermentation parameters after 48 h in vitro fermentation by suckling piglet’s fecal
inoculum (n = 4). (A) The pH value in fermentation broth, (B) microbial crude protein (MCP) concentration, and (C) ammonia nitrogen (NH;-
N) concentration. The data were presented as the mean with the standard error. The different superscript letters in the graph indicate significance

(P < 0.05).

production of MCP and NH;-N was assessed after 48 h of
fermentation. The results are shown in Figure 2. The f-Glu
group had the lowest pH value after fermentation compared
with the other hemicellulose component groups (P < 0.05),
but the blank (Bla) group had highest pH value among all
groups (P < 0.05) (Figure 2A). The Ara-gal group had the
highest content of MCP compared to the other groups (P <
0.05), with the Bla group having the lowest content among all
groups (P < 0.05) (Figure 2B). The Bla group had the highest
content of NH;-N among all groups (P < 0.05). However,
among the five hemicellulose components groups, the Glu-man
group had the highest content of NH;-N (P < 0.05), while the
Ara-gal group had the lowest content (P < 0.05) (Figure 2C).

The Difference in SCFA Production among Hemi-
cellulose Components after Fermentation. The concen-
tration of SCFA after 48 h of fermentation is demonstrated in
Figure 3. The Gal-man group had a higher concentration of
formate compared to the Ara-gal, Man, and -Glu groups (P <
0.05). The S-Glu group had a lower ability to produce acetate
compared to the other hemicellulose component groups (P <
0.05) (Figure 3B). The Glu-man, Gal-man, and Man groups
had a higher concentration of propionate compared with the
Ara-gal and f-Glu groups (P < 0.05) (Figure 3C). The
concentration of butyrate was different among the five
hemicellulose component groups, with the Ara-gal and Man
groups having higher production (P < 0.05) and the f-Glu
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group having lower production (P < 0.05) (Figure 3D). The
Glu-man, Gal-man, and Man groups had the best ability to
produce SCFA after 48 h of fermentation (P < 0.05), while the
B-Glu group had the weakest ability to produce total SCFA
among the five hemicellulose components groups (P < 0.05)
(Figure 3E). The Bla group had the lowest ability to produce
acetate, propionate, butyrate, and total SCFA (P < 0.05).
Difference in Microbial Diversity among Hemi-
cellulose Components after Fermentation. The changes
in microbial diversity among different hemicellulose compo-
nents in the fermentation broth are presented in Figure 4. After
48 h of fermentation, the microbial a-diversity had significant
differences among the different groups (P < 0.0S) (Figure 4A—
D). Of these, the Man, Gal-man, and Glu-man groups had
higher Chao 1 and Ace indexes compared with the Ara-gal
group (P < 0.05) (Figure 4A,B). The Ara-gal, #-Glu, and Man
groups had higher Shannon index compared with the Gal-man
group (P < 0.05) (Figure 4C). The Simpson index was highest
in the Gal-man group (P < 0.05) and lowest in the $-Glu group
(P < 0.05) (Figure 4D). PCoA results also indicated that the
community of microbiota was distinct among different
hemicellulose components at the phylum (P = 0.001, R =
0.490) and genus level (P = 0.001, R = 0.776) (Figure 4E).
From the microbial community bar-lot analysis, the top eight
relative abundance microbiota at the phylum level in the
fermentation broth of different hemicellulose components

https://doi.org/10.1021/acsomega.4c08848
ACS Omega 2025, 10, 9120-9131
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Figure 3. Effects of different hemicellulose components on the short-chain fatty acid (SCFA) profile after 48 h in vitro fermentation by suckling
piglet’s fecal inoculum (1 = 4). The concentrations of (A) formate, (B) acetate, (C) propionate, (D) butyrate, and (E) total SCFA. The data were
presented as the mean with standard error. The different superscript letters in the graph indicate significance (P < 0.0S).

consist of Firmicutes, Bacteroidota, Proteobacteria, Desulfo-
bacterota, Spirochaetota, Actinobacteriota, Fusobacteriota, and
Synergistota (Figure SA). The relative abundance of
Firmicutes was higher in the Gal-man group compared with
Ara-gal and Bal groups (P < 0.05). The relative abundance of
Bacteroidota was highest in the Ara-gal group compared with
the other groups (P < 0.05). The relative abundance of
Proteobacteria was highest in the Bal group among all groups
(P < 0.05). The relative abundance of Actinobacteriota was
higher in the Glu-man group compared with $-Glu, Gal-man,
and Bal groups (P < 0.05).

Furthermore, we analyzed the microbial community
composition at the genus level, and the top 10 genera in
different groups were Streptococcus, Bacteroides, Anaerovibrio,
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Kiebsiella, Prevotella_9, Phascolarctobacterium, Roseburia, Para-
bacteroides, Desulfovibrio, and Lachnoclostridium (Figure 6A).
The relative abundance of Streptococcus was higher in the Gal-
man group compared with Ara-gal, #-Glu, Man, and Bal groups
(P < 0.05) (Figure 6B). The relative abundance of Bacteroides
and Subdoligranulum was higher in the Ara-gal group compared
with the other groups (P < 0.05) (Figure 6B). The relative
abundance of Klebsiella was highest in the Bla group compared
with the other groups (P < 0.05) (Figure 6B). The relative
abundance of Roseburia was highest in the p-Glu group
compared with the other groups (P < 0.05) (Figure 6B). The
relative abundance of Parabacteroides was higher in the Man
group compared with Ara-gal and Bal groups (P < 0.05)
(Figure 6B). The relative abundance of Megasphaera was

https://doi.org/10.1021/acsomega.4c08848
ACS Omega 2025, 10, 9120-9131
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Figure 4. Effects of different hemicellulose components on the microbial structure after 48 h in vitro fermentation by suckling piglet’s fecal
inoculum (n = 4). (A) Chao index; (B) Ace index; (C) Shannon index; (D) Simpson; and PCoA based on the (E) phylum and (F) genus levels.
The result was analyzed by the Kruskal—Wallis test and PCoA plot based on the Bray—Curtis distance matrix. The data were presented as the mean
with standard error. The different superscript letters in the graph indicate significance (P < 0.05).

higher in Gal-man compared with Ara-gal and Bal groups (P <
0.05) (Figure 6B). The relative abundance of Succinivibrio was
higher in #-Glu compared with Ara-gal, Glu-man, Man, and Bal
groups (P < 0.05) (Figure 6B). LefSe analysis indicated that
there were two, three, one, two, and two biomarkers,
respectively, in the Ara-gal, $-Glu, Gal-man, Man, and Bla
groups, with Bacteroides, Roseburia, Succinivibrio, Streptococcus,
Prevotella_9, and Klebsiella as the dominant genera (Figure
6C).

The Correlation between SCFA, MCP, NH;-N, and
Microbial Communities. The correlation between the
concentrations of SCFA, MCP, and NH;-N and the top 10
relative abundance genera was obtained via Spearman’s
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correlation analysis (Figure 7). The result indicated that the
content of formate was positively associated with the relative
abundance of Desulfovibrio and negatively associated with
Bacteroides. The contents of acetate and propionate were
positively associated with the relative abundance of Strepto-
coccus, Prevotella_9, and Parabacteroides and negatively
associated with Bacteroides, Anaerovibrio, and Klebsiella. The
content of butyrate was positively associated with the relative
abundance of Prevotella_9 and Parabacteroide and negatively
associated with Klebsiella and Desulfovibrio. MCP was strongly
negative with a relative abundance of Desulfovibrio. NH;-N was
strongly positively associated with Desulfovibrio.

https://doi.org/10.1021/acsomega.4c08848
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Figure S. Effects of different hemicellulose components on microbial composition at the phylum level after 48 h in vitro fermentation by suckling
piglet’s fecal inoculum (n = 4). (A) Relative abundance of microbiota among different components at the phylum level. (B) The main abundant
genera in the gut microbiota are at the phylum level in the fermentation broth. The different superscript letters in the graph indicate significance (P

< 0.05).

B DISCUSSION

Hemicellulose is a significant component of DF, representing
the second most abundant type within the DF spectrum.
Certain components of hemicellulose, such as xylooligosac-
charides and mannooligosaccharides, have been reported to
function as prebiotics.”” Consequently, hemicellulose compo-
nents possess significant potential as prebiotics. The suckling
period is a crucial stage for mammals, as offspring depend
entirely on maternal milk for nutrition. Studies have shown
that specific oligosaccharides in milk play a key role in
promoting a healthy gut microbiota in the young.'*'® Some
reports suggest that supplementing suckling piglets with
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galactooligosaccharides or fructooligosaccharides can increase
the abundances of Lactobacillus and Bifidobacterium, indicating
that hemicellulose can enhance gut microbiota.*"** However,
which specific type of hemicellulose is most effective in
fostering a healthier gut environment in suckling piglets.
Therefore, a deeper understanding of their fermentation
characteristics during the suckling period may provide valuable
insights into their potential application in improving health
outcomes in suckling piglets.

Gas Production. The volume of gas produced during
fermentation serves as an indicator of the extent of in vitro
fermentation, with a shorter time to reach the gas production
plateau indicating faster fermentation. The composition of
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Figure 6. Relative abundance of main bacteria in different hemicellulose components' fermentation broth after 48 h fermentation at the genus level
(n = 4). (A) Relative abundance of microbiota among different components at the genus level. (B) The bacteria in the top eight significantly
changed at the genus level. (C) Histograms of a linear discriminant analysis (LDA) score (threshold > 4.0). The different superscript letters in the

graph indicate significance (P < 0.0S).
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Figure 7. Spearman’s correlation between the concentrations of
SCFA, MCP, and NH;-N and the relative abundances of the top 10
bacteria at the genus level in different hemicellulose components after
48 h fermentation. SCFA, short chain fatty acid; MCP, microbial
crude protein; NH;-N, ammonia nitrogen. *P < 0.05; **P < 0.01; and
*#F%P < 0.001.

gases mainly includes hydrogen, carbon dioxide, and
methane.””** In the present study, we found that the total
gas production after fermentation is similar among the Man,
Gal-Man, Glu-Man, and Ara-gal groups. However, during
fermentation, the rate of gas production differed among the
groups. The f-Glu group demonstrated the lowest gas
production capacity, with fermentation remaining incomplete
even after 60 h. Galactomannan, glucomannan, mannan, and
arabinogalactan were classified as soluble hemicelluloses,
whereas f-glucan was classified as insoluble. It is reported
that gas production is mainly influenced by fermentation
substrates and microbial populations,lg’25 and soluble fiber
typically undergoes faster fermentation than insoluble fiber.*®
This explains why f-glucan exhibited the poorest ability to
produce gas within a 60 h fermentation period.

MCP and NH;-N Changes. MCP and NH;-N are two
classical indexes to indicate how microbiota utilize nitrogen
sources. In our study, we supplied the same amount of
NH,HCOs; as the nitrogen sources, which is a form of NH;-N.
The result of our research demonstrated that the Ara-gal group
can utilize most of NH;-N and convert it into MCP, and the
other hemicellulose components showed similar results but
were not as strong as arabinogalactan. This is not surprising, as
when hemicellulose components are supplied, microbiota
accelerate the conversion of NH;-N to MCP because
hemicellulose components provide sufficient carbon sources
to meet the microbiota growth requirements. In the present
study, there was a special phenomenon: compared with other
hemicellulose components, the Ara-gal group significantly
increased the conversion of NH;-N to MCP. Considering that
arabinogalactan is composed of arabinose and galactose and
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mother’s milk contains a large amount of lactose, we
hypothesize that after long-term breastfeeding, the microbes
in the intestines of piglets adapt to the daily intake of lactose,
making galactose utilization more eflicient. However, this
hypothesis still needs further investigation to be proven. In
another aspect, the conversion of NH;-N to MCP reflected the
speed of microbiota growth, indicating that arabinogalactan
has the potential to speed up the early establishment of gut
microbiota in suckling piglets.

pH Changes. The pH of the fermentation broth is
primarily altered by metabolites such as SCFA and lactic
acid produced by microbiota, serving as another key indicator
reflecting fermentation progress.”” In our research, the f-Glu
group had the lowest pH value after 60 h of fermentation,
indicating that $-glucan can produce more acid metabolites. It
has been reported that while soluble fiber ferments faster than
insoluble fiber, insoluble fibers have a greater ability to produce
SCFA than soluble fibers.”*’ This research could explain why,
after 60 h of fermentation, the #-Glu group had the lowest pH
value.

SCFA Production. SCFA is the end metabolite of the
microbe utilizing DF, which is considered the main “bridge”
connecting the microbe to host health. It has been proven that
SCFA has numerous functions for host health, including anti-
inflammatory,” antitumor,”’ and immunomodulatory ef-
fects.>> SCFAs include formate, acetate, propionate, butyrate,
and valeric acid, each serving different roles in host health. The
production and composition of SCFA are mainly determined
by various DF and microbiota community compositions.
Different microbiota have different abilities to produce
different types of SCFA. For example, Clostridium butyricum
can produce butyrate, whereas most Lactobacillus species
cannot. Thus, the species of SCFA are mainly influenced by
the microbiota composition. It is reported that with increasing
fermentation time, the content of SCFA also increases until the
fermentation is cornpleted.20 Thus, the production of SCFA is
mainly related to the degree of fiber utilization. In the present
study, after 48 h of fermentation, we observed that different
hemicellulose components had differences in the SCFA
production or composition. The S-Glu group had the poorest
SCFA production, especially in acetate and butyrate, compared
with the other groups. As mentioned above, this kind of f-
glucan is insoluble, and the fermentation speed is slower than
that in other groups; therefore, the SCFA concentration is
lower than that in other groups.

In our study, there is an interesting phenomenon: those
hemicellulose components composed of mannose have the
same production levels of acetate, propionate, and total SCFA
and are higher than those of other groups. This result may
indicate that mannose may be easily utilized and produce more
SCFAs in suckling piglets. Among SCFAs, butyrate is the most
attractive component to study. Butyrate not only has important
immunomodulatory functions but can also be absorbed by the
colonic epithelium as an energy source.” In our study, the Ara-
gal and Man groups had the greatest production of butyrate
among all of the groups. Considering the beneficial function of
butyrate, arabinogalactan and mannan hold potential as
prebiotics that can be added to formula milk for suckling
piglets.

Microbial Community Dynamics and Diversity. The
composition of pig intestinal microbiota can be modified by
DF with different structures.”* Generally, the easy fermentation
of fiber within a certain time could provide more carbon
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sources to microbes,” which may increase the microbial
diversity and alter the microbial composition. In the present
study, the hemicellulose components composed of mannose
exhibited a-diversity higher than that of other ingredients.
Those groups have faster fermentation ability, as mentioned
above, so they can quickly degrade into monosaccharides,
which are utilized by the microbes, leading to higher diversity.
It is reported that glucomannan, galactomannan, linear
mannan, and galactoglucomannan are the four subfamilies of
the mannan family.36 Thus, these mannan polysaccharides
have great similarities in their backbone. This may explain why
these three hemicellulose components have similarities in
fermentation characteristics and microbial composition.

In the present study, the result of PCoA indicated that the
community has significant separation among hemicellulose
components, demonstrating that different components shaped
the different compositions. This finding is consistent with the
previous study.'® It is reported that the microbial community
of pigs is mainly composed of Firmicutes, Bacteroidota, and
Proteobacteria.”” Our results concurred with this observation.
Our research further revealed that the different hemicellulose
components altered the microbial composition at both the
phylum and genus level. Specifically, the Ara-gal group was
found to increase the abundance of Bacteroidota. It is well-
known that microorganisms have competition and cross-
feeding among different species.”® In our study, this situation
of competition is much more obvious. At the genus level, we
found that the abundance of Streptococcus was significantly
higher in the Gal-man, Glu-man, and Man groups and even
more than 60% in the Gal-man group. Meanwhile, the
abundance of Bacteroides was >50% in the Ara-gal group.
These findings suggested that Streptococcus could rapidly utilize
galactomannan, glucomannan, and mannan, giving them a
growth advantage. Similarly, Bacteroides demonstrated the
same trend in arabinogalactan. Streptococcus is often considered
to be pathogenic. To determine whether the enriched
Streptococcus in our study was harmful, we used the ASV
sequence and compared it with the NCBI database. The result
indicated that the enriched species was Streptococcus
alactolyticus (identification:100%). There is limited research
on this bacterium in pigs, but some articles have evaluated the
safety and antioxidant activity of Streptococcus alactolyticus,
demonstrating its safety and potential as a probiotic.””*’ Using
the same method, we found that Bacteroides in the Ara-gal
group were mainly composed of Bacteroides thetaiotaomicron
(identification:100%), which is recognized as an efficient
polysaccharides degrader.*' Roseburia is considered to be the
main butyrate producer.”” Numerous studies have proven that
Roseburia could produce butyrate to maintain host health,*>**
In our study, we observed the highest abundance of Roseburia
in the B-Glu group, which aligns with another study,”*
indicating that Roseburia has a preference for insoluble p-
glucan. The potential mechanism is that the insoluble $-glucan
is difficult to hydrolyze, and only bacteria with the ability to
degrade and utilize these substrates can grow rapidly. The
presence of flagella in Roseburia is proposed to enhance its
chemotaxis and attachment to insoluble substrates, which may
explain why Roseburia can be enriched in the substrate.*”**
Klebsiella and Desulfovibrio are conditional pathogenic bacteria.
Our study found that the Bla group, devoid of hemicellulose
components, had a higher abundance of these bacteria. This
observation implies that pathogenic bacteria can thrive even in
nutrient-sparse settings, underscoring the necessity to furnish
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ample nutrients to support the growth of beneficial bacteria,
thereby ensuring that they can outcompete harmful pathogens.
This observation further highlights the critical role of certain
hemicellulose components in fostering a conducive gut
microbiome for suckling piglets, potentially improving their
health and growth performance.

B CONCLUSIONS

Distinct differences in gas production; pH; MCP, NH;-N, and
SCFA concentrations; and microbial compositions were
observed during the fermentation of arabinogalactan, S-glucan,
glucomannan, galactomannan, and mannan using a fecal
inoculum from suckling piglets. Glucomannan, galactomannan,
and mannan were rapidly fermented by the microbiota, evident
from their high production of gas and SCFA. Arabinogalactan
exhibited moderate fermentability, while f-glucan was the least
fermentable. Notably, f-glucan fermentation promoted the
growth of Roseburia. These findings suggested that different
hemicellulose components exert diverse physiological func-
tions in regulating the host nutrition and health. This study
provides new insights into the potential of different hemi-
cellulose types with varying physicochemical properties, to
regulate the microbial composition and SCFA production,
ultimately supporting or improving gut health in suckling
piglets.

B MATERIALS AND METHODS

Substrates. In this study, we used commercial-grade
hemicellulose components. Arabinogalactan (originating from
corn, arabinose/galactose = 1:2.6 to 1:3.6, molecular weight:
38 kDa), f-glucan (originating from yeast, molecular weight:
500 kDa), glucomannan (originating from oats, glucose/
mannose 1:1.6 to 1:2, molecular weight: 2000 kDa),
galactomannan (originating from corn, galactose/mannose =
1:2 to 1:4, molecular weight: 200 kDa), and mannan
(originating from Irpex lacteus, molecular weight: 90 kDa)
were purchased from Shaanxi Pioneer Biotech Co., Ltd. (Xi’an,
China). The purity of these hemicellulose components was 90,
80, 98, 90, and 98%, respectively.

Preparation of Fecal Inoculum. The process of inoculum
preparation was adapted from previous studies with
modifications.””*” Compared with growing pigs, suckling
piglets have minimal excretion. Therefore, S0 healthy suckling
piglets (Duroc X Landrace X Large white, age 7—10 days,
without consuming creep feed) were selected to provide the
feces for the fecal inoculum. Feces were collected directly from
the anus of each piglet and stored in plastic bags prefilled with
CO,. All samples of feces were diluted with a prewarmed buffer
solution (1:5, w/v) consisting of 1X PBS and 15% glycerine
(v/v). The diluted mixture was stirred for S min using a
homogenizer and filtered through four layers of sterile gauze.
The filtered liquid served as the inoculum. All processes were
conducted in an anaerobic chamber filled with CO,. The
inoculum was dispensed into 50 mL centrifuge tubes and then
stored at —80 °C until further fermentation experiment.

Cumulative Gas Production Trial. Different hemi-
cellulose components (arabinogalactan, f-glucan, gluco-
mannan, galactomannan, and mannan) were accurately
weighed at 0.5 g and used as substrates for fermentation.
The medium for gas production and in vitro fermentation was
prepared based on a previous study.’® Briefly, the medium was
formulated with 8.32 g/L NaHCO;, 0.95 g/L NH,HCO;, 1.36
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g/L Na,HPO,, 147 g/L KH,PO,, 0.14 g/L MgSO,7H,0,
0.30 g/L Na,$-9H,0, 76.09 mg/L NaOH, 15.69 mg/L CaCl,-
2H,0, 11.89 mg/L MnClL,-4H,0, 1.19 mg/L CoCl,-6H,0,
9.51 mg/L FeCl;-6H,0, and 1.19 mg/L resazurin. The
substrates were placed flat in 250 mL fermentation bottles
and blended with 82 mL of the medium. After filling the
medium, the bottles were flushed with CO, for 10 s and sealed.
All of the bottles were inoculated with 5 mL of inoculum using
a 5 mL injector and then incubated at 39 °C for 60 h in a
temperature-controlled incubator. Each hemicellulose compo-
nent was analyzed in four replicates. After fermentation, a pH
meter (FE28-Standard, Mettler-Toledo, Switzerland) was used
to detect the pH value of the fermentation broth. The blank
control was the bottles without a substrate. All of the processes
were performed under the same conditions. The volume of gas
production (GP) was measured every 4 h using a method
based on a previous study.*’

In Vitro Fermentation Trial. Another trial was designed
for in vitro fermentation, and the conditions of in vitro
fermentation were identical to those employed in the gas
production trial. Samples were collected at 48 h based on the
result of gas production (n 4). After incubation, the
fermentation bottles were placed in ice water to stop the
fermentation process for 30 min. All bottles were shaken and
divided into three parts in 10 mL sterile tubes for further
analysis. Then, the remaining liquid was used to determine the
pH value.

Microbial Crude Protein and Ammonia Nitrogen
Content. The microbial crude protein (MCP) content of
the fermentation liquid was determined using the colorimetric
method.’® The ammonia nitrogen (NH;-N) content was
analyzed using the indophenol method.”"

SCFA Concentration. The SCFA concentration in the
fermentation liquid was detected using ion chromatography
following the methodology outlined in a previous study.’”
Briefly, 2 mL of fermentation broth was centrifuged at 10,000g
for 10 min. The resulting supernatants were then filtered
through a 0.22 ym membrane and diluted with distilled water
in a ratio of 1:4. The prepared samples were subsequently
analyzed for SCFA using an ion chromatograph (IC; Metrohm,
Switzerland).

Bacterial Community. The total microbial genomic DNA
in the fermentation broth was extracted using a commercial kit
(Omega Bio-Tek, Norcross, GA, USA) following the
instructions of the manufacturer. The hypervariable regions
V3—V4 of the bacterial 16S rRNA gene were amplified using
specific primer pairs 341F (5-ACTCCTACGGGAGGCAG-
CAG-3’) and 806R (S5-GGACTACHVGGGTWTCTAAT-
3’). The PCR products were purified with a commercial kit
(Axegen Biosciences, Union City, CA, USA). The purified
amplicons were then sequenced on a specific platform
(Illumina, San Diego, CA, USA). Under the default
parameters, the results were denoised by DADA2, and then
an amplicon sequence variant (ASV) was generated.’® All
ASVs were classified using the Silva 138 database via a Naive
Bayes classifier implemented in the QIIME 2 software. Alpha
diversity was calculated with Mothur (ver. 1.30.2), while beta
diversity was assessed using the vegan package (version 3.3.1).
Principal coordinate analysis (PCoA) was employed using
Bray—Curtis distances to elucidate compositional dissimilar-
ities among microbial communities, complemented by the
analysis of similarities (ANOSIM) test to assess statistically
significant differences. The linear discriminant analysis effect
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size (LEfSe) with a threshold greater than 4.0 was employed to
study the differences in microbiota composition among the
hemicellulose components. Data analysis was conducted online
in the Majorbio I-Sanger Cloud Platform (https://www.i-
sanger.com/). The raw data were uploaded to the NCBI
Sequence Read Archive (SRA) database, and the accession
number is PRINA1152294.

Statistical Analysis. The differences in gas production and
MCP, NH;-N, and SCFA concentration among different
hemicellulose components were analyzed using one-way
ANOVA with Tukey’s post hoc test using SPSS 19.0 (IBM,
Armonk, NY, USA). The differences in key altered genera
among hemicellulose components were determined using the
Kruskal—Wallis test followed by the Scheffe post hoc test.
Spearman’s correlation coeflicients were used to analyze the
relationship between gas production and MCP, NH;-N, SCFA,
and microbial communities. Data are presented as the mean +
the standard error. A P < 0.05 was considered statistically
significant.

B ASSOCIATED CONTENT

Data Availability Statement
The data supporting this study’s findings are openly available
in NCBI at PRJNA1152294.
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