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Abstract

This study aimed to investigate the effects of dietary yeast cell wall polysac-
charide supplementation on intestinal volatile fatty acids and microbial flora
in weaned piglets. A single-factor experimental design was adopted, and 180
21-day-old weaned piglets with consistent genetic background, good health sta-
tus, similar parity and body weight were selected and randomly divided into
4 groups, with 5 replicates per group and 9 piglets per replicate. The pigs in
the four groups were fed a control diet (without yeast cell wall polysaccharide),
0.15% yeast cell wall polysaccharide diet, 0.30% yeast cell wall polysaccharide
diet, and 0.45% yeast cell wall polysaccharide diet, respectively. The experi-
mental period was 21 days. The results showed that: 1) Compared with the
control group, dietary supplementation with 0.15%, 0.30%, and 0.45% yeast cell
wall polysaccharide significantly increased the content of acetate in the colon of
piglets (P<0.05); among them, 0.30% and 0.45% yeast cell wall polysaccharide
also significantly increased the contents of propionate, butyrate, and valerate as
well as total volatile fatty acids in the colon (P<0.05), with no significant dif-
ference between the two groups (P>0.05). 2) Compared with the control group,
0.15%, 0.30%, and 0.45% yeast cell wall polysaccharide significantly reduced
the numbers of Salmonella and Escherichia coli in the cecum (P<0.05), with no
significant difference between the 0.30% and 0.45% yeast cell wall polysaccha-
ride groups (P>0.05). It can be concluded that yeast cell wall polysaccharide
can increase the content of intestinal volatile fatty acids and improve the struc-
ture of intestinal microbial flora in piglets. According to regression equation
prediction, the optimal supplementation level of yeast cell wall polysaccharide
in piglet diets is 0.31%~0.40%.
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Abstract

This study investigated the effects of dietary yeast cell wall polysaccharides on
intestinal volatile fatty acids (VFA) and microbial flora in weaned piglets. Using
a single-factor experimental design, 180 healthy 21-day-old weaned piglets with
consistent genetic background, similar parity and body weight were randomly
allocated to 4 groups with 5 replicates each (9 piglets per replicate). The four
groups were fed either a control diet (without yeast cell wall polysaccharides)
or diets supplemented with 0.15%, 0.30%, or 0.45% yeast cell wall polysaccha-
rides for a 21-day experimental period. The results showed that: (1) Compared
with the control group, dietary supplementation with 0.15%, 0.30%, and 0.45%
yeast cell wall polysaccharides significantly increased colonic acetic acid content
(P<0.05). The 0.30% and 0.45% supplementation levels also significantly ele-
vated colonic propionic acid, butyric acid, valeric acid, and total volatile fatty
acid (TVFA) contents (P<0.05), with no significant differences between these
two groups (P>0.05). (2) Supplementation with 0.15%, 0.30%, and 0.45% yeast
cell wall polysaccharides significantly reduced cecal Salmonella and Escherichia
coli populations compared to the control group (P<0.05), while no significant
difference was observed between the 0.30% and 0.45% groups (P>0.05). These
findings demonstrate that yeast cell wall polysaccharides can increase intestinal
VFA content and improve intestinal microbial flora structure in weaned piglets.
Based on regression equation predictions, the optimal dietary inclusion level of
yeast cell wall polysaccharides for weaned piglets is 0.31%-0.40%.

Keywords: yeast cell wall polysaccharide; weaned piglets; volatile fatty acids;
intestinal flora

Introduction

Modern pig production has become increasingly technology- and capital-
intensive, facing the dual challenge of providing high-quality pork while
safeguarding environmental hygiene and human health. The misuse and
overuse of antibiotic feed additives have exacerbated problems including
antibiotic residues, bacterial multidrug resistance, and environmental pollution
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[1-2], creating an urgent need for suitable antibiotic alternatives. Yeast cell wall
polysaccharides, functional oligosaccharides composed primarily of S-glucan
and mannan oligosaccharides, have shown promise in this regard. Numerous
studies have demonstrated that oligosaccharides can improve gut microbial
community structure and enhance immune function [3-5]. Similarly, yeast cell
wall polysaccharides have been proven to improve growth performance, immune
function, and intestinal health in livestock and poultry without harmful
residues [6]. However, the specific mechanisms through which they improve
intestinal health and their effects on gut microbiota in weaned piglets require
further investigation.

Volatile fatty acids (VFA) are important intermediate products of microbial
anaerobic fermentation. The hindgut represents the most microbiologically rich
region of the piglet intestinal tract, with the colon being the primary site of VFA
production in monogastric animals. This is because bacteria in the colon first
encounter undigested complex carbohydrates from the small intestine, resulting
in the strongest fermentation activity. Additionally, the colon is longer than the
cecum and contains relatively more microorganisms [7-8]. This experiment was
designed to investigate the effects of yeast cell wall polysaccharides on intestinal
VFA and microbial flora in weaned piglets, determine the optimal supplementa-
tion level, and provide a theoretical basis for the scientific application of yeast
cell wall polysaccharides in piglet diets.

Materials and Methods

1.1 Experimental Material Yeast cell wall polysaccharides were obtained
from Top Bio-Technology Co., Ltd., with main components including mannan
oligosaccharides (23.45%) and S-glucan (39.24%), along with 26.30% crude pro-
tein, 3.30% crude ash, and 5.35% moisture.

1.2 Experimental Animals and Design One hundred eighty 21-day-old
weaned piglets with uniform genetic background, good health status, and similar
parity and body weight were selected and randomly allocated to 4 groups using
a single-factor completely randomized block design. Each group contained 5
replicates with 9 piglets per replicate. The four dietary treatments consisted of
a control diet (without yeast cell wall polysaccharides) and diets supplemented
with 0.15%, 0.30%, or 0.45% yeast cell wall polysaccharides. The experimental
period lasted 21 days.

1.3 Experimental Diets and Nutrient Levels Piglets were fed corn-
soybean meal-based diets formulated according to NRC (2012) and Chinese
Feeding Standard of Swine (NY/T 65—2004). Diet composition and nutrient
levels are presented in Table 1 .

Table 1 Diet composition and nutrient levels (air-dry basis), %
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[Note: The table content would be preserved here with proper formatting, show-
ing ingredients and nutrient levels across the four treatment groups]

1.4 Animal Management Piglets were housed in nursery pens equipped
with elevated slatted floors and nipple drinkers. The pig house was thoroughly
cleaned and disinfected before the experiment. During the trial, piglets were fed
4-5 times daily with ad libitum access to feed and water. Other management
practices and immunization programs followed conventional farm procedures.

1.5 Sample Collection and Processing On day 21 of the experiment, one
piglet near the average body weight and in good health was selected from each
replicate, anesthetized via intramuscular injection of 4% sodium pentobarbital
solution, and euthanized by exsanguination via the jugular vein after complete
anesthesia. The abdominal cavity was opened, and the colon was quickly iso-
lated. Colonic segments with digesta were excised, with both ends ligated and
fixed, then immediately frozen in liquid nitrogen for subsequent VFA analysis.

Additionally, the middle segment of the cecum was isolated, double-ligated at
both ends, wrapped in aluminum foil and plastic wrap with cotton thread, la-
beled, rapidly frozen in liquid nitrogen, and stored at -80°C for later analysis.

1.6 Analytical Methods

1.6.1 Determination of Colonic VFA Samples were thawed and processed
according to the method of Geng et al. [9]. Briefly, 1.0 g of colonic content was
accurately weighed into an EP tube, mixed with 1 mL ultrapure water, and vor-
texed until homogeneous. The mixture was centrifuged at 15,000 r/min for 15
minutes, and the supernatant was transferred and treated with 25% metaphos-
phoric acid at a 9:1 volume ratio in an ice bath for 3 hours. Acetic acid, propionic
acid, butyric acid, isobutyric acid, valeric acid, and isovaleric acid contents were
then determined by gas chromatography using external standard methods, and
total volatile fatty acid (TVFA) content was calculated.

1.6.2 Cecal Bacterial Counting Cecal E. coli, Salmonella, Bifidobacterium,
Lactobacilli, and total bacteria were enumerated using plate culture methods.
Cecal content samples were thawed at room temperature in a sterile workstation.
Approximately 0.5 g of cecal content was weighed into a sterile penicillin bottle,
mixed with 5 mL sterile physiological saline, and vortexed for 3-5 minutes.
A 500 L aliquot of the diluted solution was then transferred to another sterile
penicillin bottle containing 4.5 mL physiological saline, vortexed for 1-2 minutes
to create a 107! dilution, and serial dilutions of 1072 to 107% were prepared by
repeating this process.

The diluted cecal content was inoculated onto appropriate culture media plates.
Eosin methylene blue, MRS, HE, BBL, and standard media were used for enu-
merating E. coli, Lactobacilli, Salmonella, Bifidobacterium, and total bacteria,
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respectively. Five dilution gradients were tested for each parameter with three
replicates per gradient. Total bacteria, E. coli, and Salmonella were cultured
aerobically at 37°C for 24 hours, while Bifidobacterium and Lactobacilli were
cultured anaerobically at 37°C for 48 hours. Plates were then removed for
colony counting, with results expressed as log;, colony-forming units per gram
of digesta [lg(CFU/g)].

1.7 Data Processing and Statistical Analysis All data were initially pro-
cessed using Excel 2003 and then subjected to one-way ANOVA using SPSS 17.0
software. When significant differences were detected, Duncan’ s multiple com-
parison test was applied. Curvilinear regression analysis was performed using
SPSS 17.0 to establish the relationship between dietary yeast cell wall polysac-
charide levels and various parameters through quadratic curve fitting, thereby
determining the optimal supplementation level. Data are presented as “mean
+ standard error,” with P<0.05 considered statistically significant.

Results

2.1 Effects of Yeast Cell Wall Polysaccharides on Colonic VFA in
Weaned Piglets As shown in Table 2 , compared with the control group,
dietary supplementation with 0.15%, 0.30%, and 0.45% yeast cell wall polysac-
charides increased colonic acetic acid content by 27.57%, 48.71%, and 34.46%,
respectively (P<0.05). Supplementation with 0.30% and 0.45% yeast cell wall
polysaccharides also significantly elevated colonic propionic acid, butyric acid,
and valeric acid contents (P<0.05). Overall, dietary supplementation with
0.30% and 0.45% yeast cell wall polysaccharides significantly increased colonic
TVFA content (P<0.05), with increases of 49.72% and 44.42% compared to the
control group, respectively (P<0.05). However, no significant differences were
observed between the 0.30% and 0.45% groups for propionic acid, butyric acid,
valeric acid, or TVFA contents (P>0.05).

Curve-fitting regression analysis revealed quadratic relationships between di-
etary yeast cell wall polysaccharide supplementation level (X) and both acetic
acid (Y;) and TVFA (Y,) contents in the colon, with the following regression
equations:

Y, = -7,513.000X2 + 4,723.203X + 1,593.519 (R2 = 0.677, P = 0.006)
Y, = -9,497.699X2 + 7,419.340X + 2,909.547 (R2 = 0.727, P = 0.003)

Based on these equations, maximal colonic acetic acid content was achieved at
a dietary yeast cell wall polysaccharide level of 0.31%, while maximal TVFA
content was attained at 0.39% supplementation.

Table 2 Effects of yeast cell wall polysaccharides on volatile fatty acids in colon
of weaned piglets ( g/mL)
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[Table content showing the effects on acetic acid, propionic acid, isobutyric acid,
butyric acid, isovaleric acid, valeric acid, and TVFA across treatment groups,
with statistical notation]

2.2 Effects of Yeast Cell Wall Polysaccharides on Cecal Microbial
Flora in Weaned Piglets As presented in Table 3 | no significant differences
were observed among groups for cecal Bifidobacterium, Lactobacilli, or total
bacterial populations (P>0.05). However, dietary supplementation with 0.15%,
0.30%, and 0.45% yeast cell wall polysaccharides reduced cecal Salmonella
counts by 6.12%, 7.93%, and 9.09% compared to the control group (P<0.05).
Additionally, yeast cell wall polysaccharide supplementation significantly
decreased intestinal E. coli populations (P<0.05).

Regression analysis revealed a quadratic relationship between cecal Salmonella
counts (Y5) and dietary yeast cell wall polysaccharide level (X), described by
the equation:

Y, = 3.259X2 - 2.636X + 6.036 (R2 = 0.670, P = 0.007)

This equation indicates that the minimal cecal Salmonella population occurs at
a dietary yeast cell wall polysaccharide supplementation level of 0.40%.

Table 3 Effects of yeast cell wall polysaccharides on cecal bacterial counts in
weaned piglets [lg(CFU/g)]

[Table content showing bacterial counts for E. coli, Salmonella, Bifidobacterium,
Lactobacilli, and total bacteria across treatment groups]

Discussion

3.1 Effects of Yeast Cell Wall Polysaccharides on Colonic VFA in
Weaned Piglets The large intestine contains the highest microbial density
throughout the digestive tract of monogastric animals [10]. Although micro-
bial endotoxins can be harmful to the intestine, these microorganisms maintain
intestinal microecological balance, resist colonization by foreign microbes, and
activate the intestinal immune system [11]. More importantly, they ferment
complex carbohydrates into VFA [12-13]. Both in vivo and in vitro studies have
confirmed that oligosaccharides can be degraded by bacteria into substantial
amounts of VFA [14-15]. The present results demonstrate that supplementa-
tion with 0.30% and 0.45% yeast cell wall polysaccharides significantly increased
TVFA content in weaned piglets. Pan [16] reported that mannan oligosaccha-
rides significantly increased TVFA, propionic acid, and valeric acid contents in
the cecum of mice. Hang et al. [15] investigated the effects of mannan oligosac-
charides and beet juice on intestinal microbial fermentation in vitro, finding
that mannan oligosaccharide groups showed significantly higher proportions of
propionic and butyric acids in the ileum compared to the control group, though
acetic acid proportion was significantly lower. In contrast, our results show that
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yeast cell wall polysaccharides significantly increased acetic, propionic, and bu-
tyric acid contents. Microorganisms in the large intestine can convert lactate
and acetate into butyrate [17], and complete lactate fermentation can produce
substantial propionic acid. Therefore, we speculate that yeast cell wall polysac-
charides may promote the proliferation of lactate-utilizing bacteria to facilitate
the conversion of lactate to butyrate. Additionally, our study found that 0.45%
yeast cell wall polysaccharide supplementation significantly increased colonic
valeric acid content. Through regression analysis of the relationship between
dietary yeast cell wall polysaccharide level and colonic TVFA and acetic acid
contents, we determined that VFA content was highest when dietary yeast cell
wall polysaccharide levels were 0.39% and 0.31%, respectively.

3.2 Effects of Yeast Cell Wall Polysaccharides on Cecal Microbial
Flora in Weaned Piglets Under normal conditions, various microbial popu-
lations in the animal intestine maintain a dynamic equilibrium through mutual
dependence and antagonism. However, environmental stressors such as weaning,
temperature changes, and pen transfer can disrupt this balance, leading to dys-
biosis. Research has confirmed that after weaning, intestinal Lactobacilli popu-
lations decline while E. coli proportions increase [18-19]. Although antibiotics
can improve piglet diarrhea to some extent, they also destroy beneficial intesti-
nal bacteria [20]. Yeast cell wall polysaccharides, primarily containing mannan
oligosaccharides and S-glucan, can influence intestinal microbial ecology [21-22].
Over two decades ago, functional oligosaccharides such as mannan oligosaccha-
rides and fructooligosaccharides were shown to improve human intestinal flora
[23]. Previous animal studies have also demonstrated that supplementation with
0.15%, 0.30%, and 0.45% yeast cell wall polysaccharides significantly increased
average daily gain and average daily feed intake in weaned piglets, with a trend
toward reduced feed conversion ratio and diarrhea rate [24].

Our results show that dietary yeast cell wall polysaccharides significantly re-
duced cecal Salmonella and E. coli populations in weaned piglets. This may
occur because mannan oligosaccharides can be utilized and fermented by in-
testinal microbes, promoting VFA production. On one hand, increased VFA
lowers intestinal pH, thereby inhibiting the growth of acid-sensitive harmful
bacteria such as E. coli and Salmonella [25]. On the other hand, VFA can
reduce redox potential, affecting the oxidation-reduction reactions of essential
coenzymes required for the growth and metabolism of harmful bacteria [26],
thus suppressing pathogenic organisms. Sa [27] reported that mannan oligosac-
charides significantly reduced intestinal E. coli counts in weaned piglets. Ad-
ditionally, studies have found that mannan oligosaccharides can enhance resis-
tance to Salmonella and E. coli infections in weaned piglets [28]. S-glucan also
modulates intestinal microbes, with supplementation increasing beneficial bac-
terial populations such as Lactobacilli and Bifidobacterium [29], consistent with
our findings. Although not statistically significant, our study observed that
supplementation with 0.15%, 0.30%, and 0.45% yeast cell wall polysaccharides
tended to increase cecal Bifidobacterium and Lactobacilli populations compared
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to the control group. Collectively, these results demonstrate that yeast cell wall
polysaccharides can improve intestinal flora structure by promoting the pro-
liferation of beneficial bacteria while inhibiting harmful bacteria. Regression
analysis of cecal Salmonella counts and dietary yeast cell wall polysaccharide
level revealed optimal effects at a supplementation level of 0.40%.

Conclusions

1. Yeast cell wall polysaccharides can modulate the composition and content
of intestinal VFA in piglets. Supplementation with 0.30% and 0.45% yeast
cell wall polysaccharides significantly increased colonic contents of acetic
acid, propionic acid, butyric acid, valeric acid, and TVFA.

2. Yeast cell wall polysaccharides promote improved intestinal flora structure
in weaned piglets. Dietary supplementation with 0.30% and 0.45% yeast
cell wall polysaccharides significantly reduced cecal E. coli and Salmonella
populations.

3. Regression equation predictions indicate that the optimal dietary inclusion
level of yeast cell wall polysaccharides for piglets is 0.31%-0.40%.
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