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Abstract
This experiment, based on the analysis of �-galactomannan (�-GM), �-
galactomannan (�-GM), and galactomannan (GM) contents in 22 feed
ingredients, investigated the effects of dietary soybean meal level and �-
mannanase (�-MN) on serum �-GM, �-GM, and GM contents, serum biochemical
indices, and the relative expression levels of solute carrier family 7 member 1
(SLC7A1), solute carrier family 7 member 11 (SLC7A11), and solute carrier
family 38 member 2 (SLC38A2) genes in the intestine of weaned piglets. A
2×2 factorial design was adopted, and 24 healthy crossbred weaned piglets
with similar initial body weight were randomly assigned to 4 groups (Groups
�, �, �, and �), with 6 replicates per group and 1 pig per replicate. Group �
was fed a diet with 22% soybean meal level, Group � was fed a diet with 22%
soybean meal level supplemented with 0.02% �-MN, Group � was fed a diet
with 37% soybean meal level, and Group � was fed a diet with 37% soybean
meal level supplemented with 0.02% �-MN. The experimental period lasted for
30 days. On day 30, 10 mL of blood was collected from the carotid artery,
mesenteric vein, and hepatic portal vein of the 24 piglets to determine serum
�-GM, �-GM, and GM contents; 10 mL of blood was collected from the anterior
vena cava to determine serum biochemical indices; and the anterior jejunum
and posterior ileum were sampled to determine the relative expression levels of
SLC7A1, SLC7A11, and SLC38A2 genes. The results showed that: compared
with Group �, Group � exhibited significantly decreased average daily feed
intake (ADFI) and relative expression level of ileal SLC7A1 gene in weaned
piglets (P<0.05), while Group � showed significantly increased average daily
intake of �-GM, serum �-GM content in carotid artery, serum �-GM and GM
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contents in mesenteric vein, and serum alanine aminotransferase, aspartate
aminotransferase activities, and urea nitrogen content in anterior vena cava
(P<0.05); Group � exhibited significantly decreased serum �-GM content in
mesenteric vein and serum �-GM and GM contents in hepatic portal vein, and
significantly increased serum glucose, calcium, and high-density lipoprotein
contents in anterior vena cava in weaned piglets (P<0.05). Compared with
Group �, Group � showed significantly decreased serum GM content in hepatic
portal vein and significantly increased relative expression levels of SLC7A1,
SLC7A11, and SLC38A2 genes in jejunum of weaned piglets (P<0.05). These
results indicate that increased average daily intake of �-GM in piglets can
reduce ADFI in piglets; serum �-GM, �-GM, and GM contents in hepatic portal
vein, carotid artery, and mesenteric vein increase with the increase of dietary
�-GM, �-GM, and GM contents. When dietary �-GM, �-GM, and GM contents
increase, supplementation of �-MN can reduce serum GM content in hepatic
portal vein and upregulate the relative expression levels of SLC7A1, SLC7A11,
and SLC38A2 genes in jejunum.

Full Text
Effects of Dietary Soybean Meal Level and �-Mannanase
on Serum Galactomannan Content, Biochemical Indices,
and Intestinal Amino Acid Transporter Gene Expression
in Weaner Piglets
ZHU Xiaotong¹, ZHANG Fangliang¹, YIN Jie², LI Yuying², HAN
Hui², BIN Shiyu¹, LI Tiejun²,³, YIN Yulong²,³

¹College of Life Science, Guangxi Normal University, Guilin 541004, China
²Key Laboratory of Agro-Ecological Processes in Subtropical Region, Institute
of Subtropical Agriculture, Chinese Academy of Sciences; National Engineering
Laboratory for Pollution Control and Waste Utilization in Livestock and Poultry
Production, Hunan Provincial Engineering Research Center for Healthy Live-
stock and Poultry Production, Scientific Observing and Experimental Station
of Animal Nutrition and Feed Science in South-Central, Ministry of Agriculture,
Changsha 410125, China
³Hunan Co-Innovation Center of Animal Production Safety, Changsha 410128,
China

Abstract

Based on the analysis of �-galactomannan (�-GM), �-galactomannan (�-GM), and
galactomannan (GM) contents in 22 feed ingredients, this study investigated
the effects of dietary soybean meal (SBM) level and �-mannanase (�-MN) sup-
plementation on serum �-GM, �-GM, and GM concentrations, serum biochemi-
cal parameters, and the relative expression of intestinal solute carrier family 7
member 1 (SLC7A1), solute carrier family 7 member 11 (SLC7A11), and solute
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carrier family 38 member 2 (SLC38A2) genes in weaner piglets. A 2×2 factorial
design was employed, with twenty-four healthy dual-cross weaner piglets of sim-
ilar initial body weight randomly allocated to four groups (�, �, �, and �), each
comprising six replicates of one pig. Group � received a diet containing 22%
SBM, group � received the same diet supplemented with 0.02% �-MN, group �
received a diet containing 37% SBM, and group � received the 37% SBM diet
supplemented with 0.02% �-MN. The experimental period lasted 30 days. On
day 30, 10 mL blood samples were collected from the carotid artery, mesenteric
vein, and hepatic portal vein of all 24 piglets for serum �-GM, �-GM, and GM
analysis. Additionally, 10 mL blood from the precaval vein was collected for
serum biochemical analysis, and samples from the proximal jejunum and distal
ileum were obtained for determination of SLC7A1, SLC7A11, and SLC38A2
gene expression.

The results demonstrated that compared with group �, group � exhibited signifi-
cantly reduced average daily feed intake (ADFI) and ileal SLC7A1 gene expres-
sion (P<0.05), while showing significantly increased average daily �-GM intake,
carotid artery serum �-GM content, mesenteric vein serum �-GM and GM con-
tents, and precaval vein serum alanine aminotransferase, aspartate aminotrans-
ferase activities, and urea nitrogen concentration (P<0.05). Group � showed
significantly decreased mesenteric vein serum �-GM content and hepatic portal
vein serum �-GM and GM contents (P<0.05), along with significantly elevated
precaval vein serum glucose, calcium, and high-density lipoprotein concentra-
tions (P<0.05). Compared with group �, group � displayed significantly reduced
hepatic portal vein serum GM content (P<0.05) and significantly upregulated
jejunal expression of SLC7A1, SLC7A11, and SLC38A2 genes (P<0.05). These
findings indicate that increased �-GM intake reduces ADFI in piglets, and that
serum �-GM, �-GM, and GM concentrations in the hepatic portal vein, carotid
artery, and mesenteric vein increase proportionally with dietary �-GM, �-GM,
and GM contents. When dietary �-GM, �-GM, and GM levels are elevated, �-
MN supplementation can reduce hepatic portal vein serum GM concentration
and upregulate jejunal expression of SLC7A1, SLC7A11, and SLC38A2 genes.

Keywords: �-mannanase; galactomannan; soybean meal; amino acid trans-
porter; biochemical indices; weaner piglets

1.1 Experimental Design

�-Mannanase was purchased from Elanco (USA) with an activity of 360 MU/kg.
Twenty-four healthy dual-cross castrated male weaner piglets at 21 days of age
were selected and subjected to a 6-day adaptation period. At an initial body
weight of (9.00±1.17) kg, the piglets were randomly assigned to four groups
(�, �, �, and �) following a 2×2 factorial arrangement, with six replicates per
group and one pig per replicate, housed individually. Each group received one
of four experimental diets: group � was fed a diet containing 22% soybean meal
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(SBM), group � received the 22% SBM diet supplemented with 0.02% �-MN,
group � was fed a diet containing 37% SBM, and group � received the 37%
SBM diet supplemented with 0.02% �-MN. The diets were formulated according
to NRC (2012) nutrient requirements for piglets, with �-GM, �-GM, and GM
contents adjusted based on SBM level. All diets were pelleted and maintained
at consistent digestible energy levels. Diet composition and nutrient levels are
presented in Table 1 .

1.2 Animal Management

The feeding trial was conducted at the Animal Experimental Base of the Insti-
tute of Subtropical Agriculture, Chinese Academy of Sciences, located at Yong’
an Branch of Hunan New Wufeng Co., Ltd. Experimental pigs were housed un-
der identical environmental conditions in individual pens with ad libitum access
to water and feed. Feed was provided four times daily (07:00, 11:00, 14:00, and
18:00), with feed intake recorded regularly. The facility utilized natural light-
ing and ventilation, and pigs followed standard immunization protocols. The
adaptation period lasted 6 days, followed by a 30-day experimental period.

It should be noted that to ensure the continuity and integrity of this study
investigating the effects of high-SBM diets and �-MN on serum galactomannan
content, biochemical indices, and intestinal amino acid transporter gene expres-
sion, piglets continued to receive diets supplemented with high zinc (zinc oxide)
throughout the 30-day experimental period. This approach was specifically
adopted for research purposes, and zinc usage should comply with national reg-
ulations in practical applications. At the conclusion of the trial, all 24 weaner
piglets were anesthetized for blood collection from the carotid artery, mesen-
teric vein, and hepatic portal vein (10 mL each) for serum �-GM, �-GM, and
GM analysis; precaval vein blood (10 mL) for serum biochemical analysis; and
tissue samples from the proximal jejunum and distal ileum for amino acid trans-
porter gene expression analysis. Following sampling, all experimental piglets
were disposed of harmlessly according to national regulations.

1.3 Sample Collection

On day 30 of the experimental period, after a 12-hour fast, the 24 weaner piglets
were slaughtered under anesthesia with Zoletil 50 (Virbac S.A., France). Blood
samples (10 mL each) were first collected from the carotid artery and precaval
vein. The abdominal cavity was then opened to collect 10 mL blood samples
from the hepatic portal vein and mesenteric vein. All blood samples were allowed
to clot for 3 hours before serum was harvested by centrifugation at 3,000 rpm for
10 minutes. The supernatant was transferred to centrifuge tubes and stored at
-80°C. Tissue samples (2 cm) from the proximal jejunum and distal ileum were
immediately collected, rinsed with physiological saline, wrapped in aluminum
foil, snap-frozen in liquid nitrogen, and stored at -80°C.
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1.4 Determination of �-GM, �-GM, and GM Contents in Feed Ingre-
dients and Serum

The contents of �-GM, �-GM, and GM in feed ingredients and serum were deter-
mined using assay kits purchased from Shanghai Enzyme-Linked Biotechnology
Co., Ltd., with detection performed by the same company.

1.5 Determination of Average Daily Feed Intake (ADFI) and Average
Daily Intake of �-GM, �-GM, and GM

Daily feed intake was recorded throughout the experimental period to calculate
ADFI from days 1 to 30. Based on feed intake and dietary �-GM, �-GM, and GM
concentrations, the average daily intake of �-GM, �-GM, and GM was calculated
for the same period.

1.6 Serum Biochemical Indices Analysis

Serum alanine aminotransferase (ALT), aspartate aminotransferase (AST) ac-
tivities, and concentrations of urea nitrogen (UN), creatinine (CREA), glucose
(GLU), calcium (Ca), phosphorus (P), high-density lipoprotein (HDL), and
complement 4 (C4) were determined using Roche biochemical assay kits and
a COBAS C311 automated biochemical analyzer (Roche, Germany).

1.7 Amino Acid Transporter Gene Expression Analysis

Frozen jejunal tissue was ground in liquid nitrogen, and total RNA was ex-
tracted using Trizol reagent (Invitrogen, USA). All RNA samples were diluted
to 1 �g/�L and treated with DNase I (Invitrogen, USA) according to the manufac-
turer’s instructions to eliminate genomic DNA contamination. The DNA-free
RNA was reverse-transcribed using a reverse transcription kit from Shanghai
Biological Engineering Co., Ltd. to generate cDNA in a 20 �L reaction sys-
tem, which was stored at -20°C for subsequent analysis. Primers were designed
based on porcine gene sequences (http://www.ncbi.nlm.nih.gov/pubmed/) us-
ing Primer 5.0 software and synthesized by Shanghai Sangon Biotechnology Co.,
Ltd. Primer sequences and parameters are listed in Table 2 .

For quantitative PCR, 1 �L of cDNA template was added to a reaction mixture
containing 5 �L SYBR Green Premix (2×, pre-mixed with MgCl�, dNTPs, SYBR
Green I dye, EX-Taq polymerase, and buffer), 0.5 �L each of forward and reverse
primers (0.4 �mol/L), and deionized water to a final volume of 10 �L. The PCR
cycling conditions were: 1) initial denaturation at 95°C for 10 s; 2) amplification
for 40 cycles of 95°C for 5 s and 60°C for 20 s; and 3) melting curve analysis
from 60°C to 99°C at a heating rate of 0.1°C/s. After amplification, Ct values
were obtained for �-actin and target genes, and relative gene expression was
calculated using the 2^(-ΔΔCt) method.
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1.8 Statistical Analysis

Experimental data were initially processed using Excel 2007 and subsequently
analyzed using the GLM procedure in SPSS 18.0 statistical software. The statis-
tical model included the main effects of SBM level and �-MN supplementation,
as well as their interaction. Duncan’s multiple comparison test was used to
evaluate differences among groups. Results are expressed as“mean ± standard
error.”Differences were considered significant at P<0.05 and highly significant
at P<0.01.

2.1 �-GM, �-GM, and GM Contents in Common Plant Feed Ingredients

As shown in Table 3 , which presents the measured �-GM, �-GM, and GM con-
tents in common plant protein and energy feed ingredients, �-GM content was
markedly higher than �-GM content in 19 of the 22 feed ingredients examined,
with the exceptions being fermented soybean meal, broad beans, and black
beans. Furthermore, total GM content exceeded the sum of �-GM and �-GM
contents. These findings underscore the importance of considering �-GM, �-GM,
and GM contents during diet formulation.

2.2 Effects of �-MN and SBM on ADFI and Average Daily Intake of
�-GM, �-GM, and GM

Table 4 summarizes the effects of �-MN and SBM on ADFI and average daily in-
take of �-GM, �-GM, and GM. No significant differences were observed in ADFI
or average daily intake of �-GM, �-GM, and GM between groups � and � (P>0.05).
However, compared with group �, group � showed significantly higher ADFI
(P<0.05). Additionally, average daily �-GM intake was significantly greater in
group � than in group � (P<0.05). Group � exhibited significantly lower ADFI
(P<0.05) and significantly higher average daily �-GM intake (P<0.05) compared
with group �, indicating that high-level SBM diets without �-MN supplementa-
tion substantially increase �-GM intake in piglets (P<0.01).

2.3 Effects of �-MN and SBM on Serum �-GM, �-GM, and GM Con-
tents in Different Vascular Sites

The effects of �-MN and SBM on serum galactomannan concentrations are pre-
sented in Table 5 . In carotid artery serum, �-GM content was 37.70% lower in
group � than in group � (P>0.05), and 16.90% lower in group � than in group �
(P>0.05), suggesting that �-MN reduced carotid artery �-GM content (P=0.02).
Serum �-GM concentration was significantly elevated in group � compared with
group � (P<0.05) and in group � compared with group � (P<0.05), demonstrating
that excessive SBM supplementation markedly increased carotid artery �-GM
content (P<0.01).

In mesenteric vein serum, �-GM content was significantly reduced in group �
compared with group � (P<0.05), indicating that �-MN decreased mesenteric
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vein �-GM content (P=0.01). Group � showed significantly higher �-GM and
GM contents than group � (P<0.05), while group � exhibited significantly in-
creased �-GM and �-GM contents compared with group � (P<0.05). These re-
sults demonstrate that excessive SBM supplementation significantly elevated
mesenteric vein serum concentrations of �-GM (P=0.04), �-GM (P<0.001), and
GM (P<0.01).

In hepatic portal vein serum, �-GM and GM contents were significantly lower
in group � than in group � (P<0.05), and GM content was significantly reduced
in group � compared with group � (P<0.05), indicating that �-MN decreased
hepatic portal vein serum �-GM (P=0.02) and GM (P<0.01) contents. Serum �-
GM content was 40.24% higher in group � than in group � (P>0.05), while �-GM
content was significantly elevated in group � compared with group � (P<0.05),
suggesting that excessive SBM supplementation increased hepatic portal vein
serum �-GM (P=0.03) and �-GM (P=0.02) contents.

2.4 Effects of �-MN and SBM on Serum Biochemical Indices in Pre-
caval Vein

As shown in Table 6 , serum GLU, Ca, and HDL concentrations were signifi-
cantly higher in group � than in group � (P<0.05), with P content also increased
by 32.47% (P>0.05). These findings indicate that �-MN supplementation signif-
icantly elevated precaval vein serum GLU (P<0.01), Ca (P<0.01), P (P=0.02),
and HDL (P<0.01) concentrations.

Compared with group �, group � exhibited significantly increased serum ALT
and AST activities and UN content (P<0.05). Group � showed significantly
higher AST activity and lower GLU content than group � (P<0.05). These
results demonstrate that excessive SBM supplementation significantly increased
precaval vein serum ALT (P<0.01) and AST (P=0.01) activities and UN content
(P<0.01), while significantly decreasing serum GLU concentration (P<0.01).

2.5 Effects of �-MN and SBM on Intestinal Amino Acid Transporter
Gene Expression

Table 7 presents the effects on intestinal amino acid transporter gene expres-
sion. Jejunal SLC7A11 expression was significantly higher in group � than in
group � (P<0.05). Compared with group �, group � showed significantly elevated
expression of jejunal SLC7A1, SLC7A11, and SLC38A2 genes (P<0.05). These
findings suggest that �-MN supplementation increased the relative expression
of jejunal amino acid transporter genes SLC7A1 (P=0.03), SLC7A11 (P<0.01),
and SLC38A2 (P=0.01).

Ileal SLC7A1 expression was significantly lower in group � than in group �
(P<0.05), indicating that excessive SBM supplementation significantly reduced
ileal SLC7A1 gene expression (P=0.01).
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3 Discussion

Excessive galactomannan content in plant-based feed ingredients impairs gas-
trointestinal function, increases intestinal chyme viscosity, reduces feed utiliza-
tion efficiency, and exerts detrimental effects on animal physiology. This study
determined �-GM, �-GM, and GM contents in common feed ingredients and
found that �-GM content was markedly higher than �-GM in most ingredients,
with total GM content exceeding the sum of �-GM and �-GM. This suggests the
presence of additional polysaccharide branches within the GM subfamily.

Dietary GM supplementation has been shown to reduce intestinal villus height
and Lactobacillus populations in piglets, thereby decreasing nutrient utilization
efficiency. In the current study, increasing dietary SBM level from 22% to 37%
reduced feed intake while significantly increasing �-GM intake, suggesting that
�-GM may be a factor contributing to reduced feed consumption. Galactoman-
nan is a thermostable polysaccharide component released from cell walls during
hyphal tissue growth and is essential for Aspergillus survival. Consequently,
excessive GM consumption by piglets may increase the risk of diseases such as
aspergillus pneumonia, posing serious health threats. By measuring serum GM
concentrations at different vascular sites, this study clarified GM absorption pat-
terns in various body compartments. Increasing dietary SBM level from 22%
to 37% significantly elevated �-GM concentrations in both carotid artery and
mesenteric vein serum, indicating that �-GM may be the primary factor affect-
ing physiological changes in piglets. Previous research has reported that GM
impairs gastrointestinal function and increases intestinal chyme viscosity. The
current finding that elevated dietary SBM level increased mesenteric vein serum
concentrations of �-GM, �-GM, and GM suggests that altered GM balance in the
intestine may underlie changes in intestinal physiological function, though the
specific mechanisms require further investigation.

The liver is a component of the innate immune system. In hepatic portal vein
serum, supplementation with �-MN at 22% dietary SBM level significantly re-
duced �-GM and GM concentrations, suggesting that �-MN may enhance immune
function by decreasing hepatic portal vein GM content. Serum biochemical in-
dices serve as indicators of pathological processes and responses to therapeu-
tic interventions. In experimental animal models, liver injury can be assessed
through serum ALT and AST activities, with elevated levels indicating severe
hepatocellular damage or necrosis, while increased serum UN concentration typ-
ically reflects reduced glomerular filtration rate due to renal injury. The present
study demonstrated that increasing dietary SBM level from 22% to 37% signif-
icantly increased serum ALT, AST activities, and UN content, suggesting that
SBM disrupts physiological and biochemical homeostasis and increases disease
risk in piglets. Serum GLU and Ca concentrations reflect energy status and bone
calcium absorption, respectively, while HDL promotes health by metabolizing
excess cholesterol from extrahepatic tissues and preventing its accumulation.
The observation that �-MN supplementation at 22% SBM level significantly in-
creased serum GLU, Ca, and HDL concentrations suggests that �-MN enhances
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energy utilization efficiency, promotes calcium absorption, and maintains choles-
terol balance in piglets.

�-Mannanase degrades GM in soybean meal into galactomannan oligosaccha-
rides, which eliminate antinutritional factors, improve diet digestibility, and
enhance nutrient absorption including amino acids. Amino acid transporters
regulate intracellular amino acid concentrations and downstream signaling of
amino acid receptors through coupled transport processes, delivering nutritional
information and nutrients to cellular sites of need. SLC7A1 mediates the up-
take and transport of basic amino acids (arginine and lysine) in mammalian cells,
with upregulated SLC7A1 expression increasing intracellular concentrations of
these basic amino acids. SLC7A11 encodes the cystine/glutamate transporter
xCT, and its upregulation promotes glutamate absorption. SLC38A2 maintains
intracellular L-glutamine levels and facilitates neutral amino acid transport into
cells, with higher expression correlating with increased tissue neutral amino acid
concentrations. The current results showed that �-MN supplementation in the
37% SBM diet significantly increased jejunal expression of SLC7A1, SLC7A11,
and SLC38A2. This effect may occur through �-MN-mediated disruption of
excessive GM �-1,4-glycosidic bonds in the mesenteric vein, thereby promoting
increased expression of these transporter genes. Conversely, increasing dietary
SBM level from 22% to 37% reduced ileal SLC7A1 expression, suggesting that
SBM may decrease intestinal absorption of basic amino acids (arginine and ly-
sine) by downregulating SLC7A1 expression.

4 Conclusions

1. �-GM content is higher than �-GM content in most common feed ingredi-
ents.

2. Increased average daily �-GM intake in weaner piglets is associated with
reduced ADFI.

3. Elevated dietary �-GM, �-GM, and GM contents increase serum concentra-
tions of �-GM, �-GM, and GM in the hepatic portal vein, carotid artery,
and mesenteric vein of weaner piglets.

4. Dietary �-MN supplementation reduces serum �-GM, �-GM, and GM con-
centrations while increasing precaval vein serum GLU, Ca, P, and UN
contents, and upregulating jejunal expression of SLC7A1, SLC7A11, and
SLC38A2 genes.
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