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Abstract

Background Magnolia officinalis is a medicinal herb known for its pharmacological properties and as a potential
natural feed additive. We aimed to assess the effects of dietary Magnolia officinalis extract (MOE) on the growth
performance and immune function of piglets, and explored the potential of MOE as a natural alternative to antibiotics
for piglet nutrition during weaning.

Results Compared with the basal diet group (CK), the MOE diet significantly increased average daily feed intake and
reduced diarrhea incidence and serum interleukin-6 (IL-6) levels. Compared with 0.1% MOE group, the 0.05% MOE
group had lower diarrhea rates, eosinophils (EOS) count, EOS' percentage, and serum interleukin-4 levels. Compared
with CK, 0.05% MOE supplementation in the diet could reduce the diarrhea incidence and the thymus index by
elevating the levels of transforming growth factor-3 (TGF-f3) and interleukin-10 (IL-10) in the serum, jejunum, and
ileum. Compared with the basal diet group, 0.05% MOE supplementation upregulated the mRNA expressions of /L-10
and TGF-B1 in the jejunum and ileum (P <0.05) and those of IL-10, interleukin-1(3 (/L-15), and interferon-y (IFN-y) in the
thymus (P <0.05). Moreover, 0.05% MOE increased the levels of butyric, isobutyric, isovaleric, and valeric acids in the
colon.

Conclusions MOE supplementation could modulate the immune status of animals, lower production costs, and
contribute to more sustainable and ethical pig farming practices by promoting healthier growth and reducing disease
susceptibility. Our findings offer a sustainable solution to antibiotic use in animal farming, addressing concerns about
antibiotic resistance and food safety.
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Introduction
In modern intensive farming systems, early weaning is
crucial to improve the efficiency of pig farming [1]. How-
ever, piglets have underdeveloped digestive and immune
systems during the early weaning (weaning at 21 days),
making them vulnerable to stressors like changes in feed-
ing practices, environment, and nutrition [2, 3]. These
stressors can alter the structure and function of the intes-
tinal tract, reduce nutrient digestion and absorption,
weaken the immune capacity, and increase susceptibil-
ity to diseases such as diarrhea [1, 4, 5]. Consequently,
these factors reduced the productive performance of pig-
lets and, in severe cases, even mortality. Since the 1950s,
antibiotics have been widely used in animal agriculture
to enhance animal growth and improve performance [6].
However, due to growing concerns about feed and food
safety, issues related to the long-term use and misuse of
antibiotics, including drug residues and antibiotic resis-
tance, have been linked to human survival and health [7].
The European Union and China implemented a complete
ban on antibiotics as growth promoters in livestock diets
in January 2006 and July 2020, respectively [8, 9]. It is
essential to identify alternatives or substitutes for antibi-
otics in pig feed to maintain profitability in the pig farm-
ing industry [10]. Specifically, there is a need to explore
safe and effective nutritional strategies to enhance
immune function, improve intestinal health, reduce the
occurrence of weaning stress in piglets, alleviate the neg-
ative effects associated with weaning, and enhance the
overall growth performance of piglets [11].

Numerous studies have confirmed that plant extracts
can promote animal growth, enhance immune func-
tion, and improve intestinal health. These extracts can be

utilized as pure natural feed additives to alleviate weaning
stress in piglets [12—15]. Magnolia officinalis cortex (the
dried bark of Magnolia officinalis), commonly known as
“Houpo,” has been used as a safe and reliable medicinal
herb in Asian countries for thousands of years, including
China, Japan, and Korea [16]. The main components of
Magnolia officinalis (cortex) extract (MOE) are magnolol
and honokiol (Fig. 1), which have several pharmacologi-
cal functions [17, 18]. Total phenols of Magnolia officina-
lis, extracted from the bark, possess beneficial functional
properties, including anti-inflammatory, analgesic,
antimicrobial, anti-tumor, cardiovascular protection,
anti-ulcer, anti-coagulation, and antioxidant activities
[18-20]. This extract is primarily used in the pharma-
ceutical and health supplement industries. As a natural
feed additive, MOE positively affects both animal health
and product quality. MOE supplementation in finishing
pigs delays lipid oxidation of raw meat and stimulates
the Nrf2 pathway in liver cells to prevent oxidative stress
[21, 22]. Dietary inclusion of MOE improves the growth
performance and transcription of antioxidant enzymes in
chickens [23]. MOE supplementation can alter the levels
of certain metabolites absorbed in the chicken intestine
[24].

Therefore, we hypothesized that MOE supplemen-
tation could promote the growth performance and
immune function of weaned piglets. The aim of this
study was to investigate the effects of 0.1% and 0.05%
MOE supplementation on growth performance, diarrhea
incidence, serum biochemical markers, and the levels of
serum immunoglobulin and cytokines in weaned piglets
and determine the appropriate MOE dosage. The effects
of MOE supplementation on intestinal morphology,
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Magnolia officinalis

Fig. 1 Magnolia officinalis and Magnolia officinalis (cortex) extract

inflammatory factors, gene expression related to immune
factors, and colonic short-chain fatty acids (SCFAs) were
explored.

Materials and methods

Animals, management, and experimental design
Forty-eight barrow piglets ([Landrace x Yorkshire] x
Duroc; 6.3+0.2 kg) were weaned at 21 days and com-
prised a single weaning batch with similar genetic
backgrounds. After three days of adaptation to the
experimental environment, the piglets were randomly
divided into three homogenous groups characterized
by similar starting body weight, with eight replicates in
each group and two piglets per replicate: control (basal
diet), 0.05% MOE (basal diet supplemented with 0.05%
MOE), and 0.1% MOE (basal diet supplemented with
0.1% MOE). The MOE product used in the experiment
was provided by Hunan Health-Guard Bio-Tech Inc.
(Yongzhou, China), and the dosages were selected based
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on the manufacturer’s recommended concentrations of
either 0.05% or 0.1%. And Magnolia officinalis total phe-
nols constituted 18.66% (magnolol, 8.06%, and honokiol,
10.6%, as analyzed by high performance liquid chroma-
tography-mass spectrometry [25]). The nutritional level
of the basic diet (Table 1) met the NRC [26] specifed
nutritional needs for weaned piglets. All piglets were
vaccinated following the farm’s regulations and were
raised on plastic-slatted floors with free access to feed
and water. Specifically, the Classical Swine Fever Vaccine,
Live (China Pharmaceutical Group Animal Health Co.,
Ltd., Wuhan, China) was diluted with sterilized saline
as per the instructions and administered via intramus-
cular or subcutaneous injection. The humidity and tem-
perature in the room were automatically maintained at
70+ 5% and the starting temperature was set at 27 °C, and
it was gradually reduced by 1 °C each week, reaching a
ending temperature of 23 °C. The animals were allowed
to adapt to the new environment for three days before
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Table 1 Composition and nutrient levels in the basal diet (air-

dried)

Ingredients Content %
Extruded comn 22.00
Corn 40
Soybean meal (43% crude protein) 20.50
Whey powder (3% crude protein) 5.00
Fish meal (63% crude protein) 400
Glucose 2.00
Soybean oil 1.50
Limestone 1.33
Calcium hydrogen phosphate 0.88
Premix ' 1.00
Choline 0.10
Antioxidant 0.05
Citric acid 0.50
Nacl 0.10
98% L-lysine 0.53
DL-Methionine 0.27
-Threonine 0.19
L-Tryptophan 0.05
Total 100.00
Ash? 5.62
Crude protein? 18.34
Ether extract? 3.27
Acid detergent fiber? 4.02
Neutral detergent fiber? 12.38
ca’ 071
SIDP? 0.68
SID lysine 2 131
SID threonine ? 0.76
SID trptophan ? 0.25
Digestible energy (MJ/kg) 3 14.30

SID: standardized ileal digestibility

! The premix provided the following per kilogram of the diet: VA 6450 IU, VD,
22501V, VE 251U, VK 3 mg, VB, 1.8 mg, VB, 8 mg, VB,, 0.026 mg, folic acid 0.9 mg,
biotin 4.5 mg, niacin 24 mg, pantothenic acid 20 mg, Zn 80 mg, Fe 150 mg, Cu
10 mg, Mn 4 mg, 1 0.6 mg, Se 0.5 mg, Co 0.8 mg.

2 Nutrient levels were analyzed.
3 Nutrient levels were calculated.

the beginning of the study, and the experiment lasted 28
days.

Sample collection

On the 28th day of the study, one piglet closest to the
average body weight (BW) within each treatment from
each replicate was chosen. Blood from the precaval vein
was drawn to obtain the serum, which was stored at
-80 °C for detecting biochemical indicators and immune
factor levels. The optimal dosage (0.05% or 0.1%) was
determined based on the improvement effect of MOE
on piglet growth performance, serum biochemicals, and
humoral immunity, followed by further assessment. Pig-
lets from the control group and the optimal MOE dos-
age group were selected. One piglet closest to the average
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body weight (BW) within each treatment from each rep-
licate was chosen, anesthetized by electrical stunning,
and euthanized by exsanguination. The spleen and thy-
mus were collected and weighed. A portion of the thy-
mus was rapidly frozen in liquid nitrogen and stored at
-80 °C to analyze immune factor gene expression. The
colon contents were collected and stored at -80 °C to
analyze SCFA concentrations. The middle parts of the
jejunum and ileum segments were sampled and stored
at -80 °C to analyze immune factor gene expression. The
remaining samples were fixed in a 4% formaldehyde solu-
tion and stored for morphological analysis.

Growth performance and diarrhea

Piglets were weighed at the beginning and end of the
experiment after a 12-hour fast to calculate the average
daily gain (ADG). Feed intake was recorded daily to cal-
culate the average daily feed intake (ADFI) and the ratio
of feed consumption to weight gain (feed/gain, F/G)
[27]. Throughout the trial, the shape of the feces and the
degree of fecal contamination surrounding the piglet’s
anus were inspected at 09:00 and 16:00 daily, and scores
were assigned to measure the occurrence and severity of
diarrhea.

Fecal scoring was graded as follows: 0, normal; 1, soft
stool; 2, mild diarrhea; 3, severe diarrhea. Fecal scores
greater than 1 indicated diarrheal occurrence [28], and
the diarrhea incidence was calculated using formula (1).

Ax d
Tx D

Diarrhea incidence (%) = x 100 (1)

where A =the number of piglets with diarrhea per pen;
d=days of diarrhea; T' = total number of piglets; D =num-
ber of experimental days.

Serum biochemistry and Immunologic factors

The levels of total protein (TP), albumin (ALB), alanine
transaminase (ALT), aspartate aminotransferase (AST),
lactic dehydrogenase (LDH), blood urea nitrogen (BUN),
triglyceride (TG), cholesterol (CHOL), high-density lipo-
protein (HDL), and low-density lipoprotein (LDL) in
the serum of piglets were measured using an automatic
biochemical analyzer (OLYMPUS AU400, Japan) follow-
ing the instructions provided in the corresponding com-
mercial assay kit (Shanghai Kehua Bio-Engineering Co.,
Ltd.). The ratio of AST to ALT was calculated. Peripheral
blood cells, including white blood cells (WBC), neutro-
phils (NEU), lymphocytes (LYM), monocytes (MON),
eosinophils (EOS), and basophilic granulocytes (BAS),
were analyzed using an automatic hematology analyzer
(HL-2400 Plus, Biotech, China) following the reagent-
specific protocol (Nanchang Biotech A&C Biotechnical
Co., Ltd.). The analysis included the absolute counts of
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these cell types and the percentages of NEU, LYM, MON,
EOS, and BAS.

The serum levels of immunoglobulin M (IgM) and
immunoglobulin G (IgG) were determined using an
immunoassay analyzer (DxI 9000, Beckman, USA) fol-
lowing the instructions provided in the commercial
assay kit (Shanghai Kehua Bio-Engineering Co., Ltd.).
Concentrations of interleukin-1p (IL-1p), interleukin-4
(IL-4), interleukin-6 (IL-6), interleukin-10 (IL-10), and
transforming growth factor-p (TGF-p) in the serum were
determined using the corresponding enzyme-linked
immunosorbent assay (ELISA) kits (CSB-E06782p, CSB-
E06785p, CSB-E06786p, CSB-E06779p, CSB-E06843p,
CUSABIO, https://www.cusabio.com/) following the
manufacturer’s instructions.

Immunological organ index, intestinal tissue morphology,
and cytokine content in intestinal tissues

The immunological organ indices for the spleen and thy-
mus were calculated using formula (2).

Organ Weight (g)
Body Weight (kg)

Organ Index (g/kg) = (2)

Jejunal and ileum samples were stained with hematoxylin
and eosin (HE) or Alcian blue-periodic acid-Schiff (AB-
PAS). Tissue slices were scanned using a PANNORAMIC
panoramic slide scanner and Image-Pro Plus 6.0 was
used for image analyses.

Ten well-oriented intact villi were selected from each
section in each piglet, and the villous height and crypt
depth (VH, CD; um) were measured. Goblet cells and
lymphocytes in the 10 villi were counted, and the mean
of the 10 values of each sample was calculated. Concen-
trations of secretory immunoglobulin A (sIgA), IL-1B,
IL-4, IL-6, IL-10, and TGF-B in the jejunal and ileal

Table 2 Primer sequence used in PCR analysis

Gene Sequence 5’-3' Size, bp Accession No.
B-Actin - F: CTGCGGCATCCACGAAACT 147 XM_003124280.5
R: AGGGCCGTGATCTCCTTCTG
IL-18 F: CAGCCAGTCTTCATTGTTCAGG 150 NM_214055.1
R: GTTTTGGGTGCAGCACTTCAT
IL-4 F: CCCGAGTGTCAAGTGGCTTA 122 NM_214340.1
R: TGATGATGCCGAAATAGCAG
IL-10 F: GGGCTATTTGTCCTGACTGC 105 NM_214041.1
R: GGGCTCCCTAGTTTCTCTTCC
TGF-B1  F: AAGCGGCAACCAAATCTATG 113 NM_214015.2
R: CCCGAGAGAGCAATACAGGT
TNF-a  F: GGCCCAAGGACTCAGATCAT 82 NM_214022.1
R: CTGTCCCTCGGCTTTGACAT
IFN-y — F:TTCAGCTTTGCGTGACTTTG 121 NM_213948.1
R: GGTCCACCATTAGGTACATCTG
IL-1B, Interleukin-13; IL-4, Interleukin-4; IL-10, Interleukin-10; TGF-B1,

Transforming growth factor-B1; TNF-a, Tumor necrosis factor-a; IFN-y,
Interferon-y.
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tissues were determined using the corresponding ELISA
kits (CSB-E12063p, CSB-E06782p, CSB-E06785p, CSB-
E06786p, CSB-E06779p, CSB-E06843p, CUSABIO,
https://www.cusabio.com/) following the manufacturer’s
instructions. Briefly, tissue samples were washed with
pre-cooled physiological saline, and 500 pL of sterile PBS
buffer (pH 7.2) was added. The samples were homog-
enized and crushed at 4 °C followed by centrifugation
at 4 °C at 5000 x g for 10 min. The supernatant was col-
lected for subsequent analysis.

Composition of SCFAs in the colon

SCFA concentrations in the colon were determined fol-
lowing the procedure described by Wu et al. [29]. A fresh
sample of the colon (1 g) was weighed and homogenized
in 5 mL of distilled water, mixed thoroughly, and centri-
fuged at 4 °C at 10,000x g for 10 min to obtain superna-
tants. The obtained supernatants were diluted twice in
ultra-pure water and centrifuged again at 4 °C at 10,000x
g for 15 min. The supernatant was aspirated, mixed with
25% metaphosphoric acid at a volume ratio of 9:1, and
allowed to stand at room temperature (27+1 °C) for 3
to 4 h. Subsequently, the supernatant was centrifuged at
4 °C, 10,000 x g for 10 min, and filtered through a 0.22-
pum membrane into a sample bottle. The sample was sub-
jected to GC analysis (Agilent 6890, Palo Alto, CA).

Expressions of immune genes in the jejunum, ileum, and
thymus

The expressions of immune-related genes, including IL-
18, IL-4, IL-10, transforming growth factor-p1 (TGF-S1),
tumor necrosis factor-a (TNF-«), and interferon-y (IFN-
y) in the jejunum, ileum, and thymus were detected by
real-time fluorescent quantitative PCR analysis. Total
RNA was extracted from tissue samples using the TRIzol
reagent (Invitrogen, USA), and cDNA was synthesized
from the extracted total RNA using a reverse transcrip-
tion kit (Takara Inc., Japan) following the manufacturer’s
instructions. Real-time PCR amplification was performed
using the TB Green® Premix EX Taq™ 11 kit (Takara Inc.,
Japan) on a Lightcycler 480 (Roche, USA). Kit-specific
instructions were followed; specifically, a 10-pL volume
containing 5 pL of TB Green Premix EX Taq II (2X), 0.5
uL of forward and reverse primers (10 pM), and 4 pL of
cDNA template was used for real-time PCR analysis. The
thermal cycling conditions were as follows: pre-denatur-
ation (30 s at 95 °C), amplification (at 95 °C for 5 s and
60 °C for 30 s, 40 cycles), melting curve construction (60
to 95 °C with a heating rate of 0.2 °C/s), and fluorescence
measurements. [S-actin was the internal reference, and
the relative expressions of target genes were calculated
using the 2742t method. Primer sequences used in this
study are provided in Table 2.
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Statistical analysis

The replicate was used as a statistical unit, and all data
were tested for normality and homogeneity of variance
using the Kolmogorov—Smirnov and Levene tests (with
the significance level set at 5%) in SPSS 23.0 (SPSS, Inc.,
Chicago, USA). Then with experimental diet (Control,
0.05% MOE and 0.1% MOE) as a fixed effect, experimen-
tal data on growth performance, serum biochemistry,
peripheral blood cells, and the levels of serum immuno-
globulin and cytokines were analyzed using a one-way
ANOVA and Duncan’s post hoc multiple comparison
tests, and diarrhea incidence was analyzed using Krus-
kal-Wallis test; With experimental data on intestinal
morphology, immune organ indexes, tissue cytokines,
expression of immune-related genes, and SCFAs as ran-
dom factors, unpaired t-tests were employed to compare
the control and 0.05% MOE groups. P<0.05 indicated a
statistically significant difference, and 0.05<P<0.10 indi-
cated a significant trend.

Results

Effects of the MOE diet on growth performance and
diarrhea incidence in weaned piglets

The effects of the MOE diet on growth performance and
diarrhea incidence in weaned piglets are presented in
Table 3. Compared with the control group, the MOE diet
(0.05% and 0.1% MOE diets) increased ADFI (P=0.007)
and decreased diarrheal incidence in weaned piglets
(P<0.01), and the diarrhea incidence of 0.05% group was
the lowest. There were no significant differences in the
BW and F/G among the groups (P>0.05) but 0.05% and
0.1% MOE diets showed a trend toward improved ADG
of piglets (P=0.067). And compared with 0.1% MOE,
Supplementation with 0.05% MOE in the diet decreased
diarrheal incidence in weaned piglets (P<0.01). There-
fore, the 0.05% MOE and control groups were selected
for slaughter.

Effects of dietary MOE on serum biochemical indicators of
weaned piglets

As shown in Table 4, there was no difference in the serum
levels of TP, ALB, ALT, AST, LDH, BUN, TG, CHOL,
LDL, and HDL among the three groups (P>0.05). How-
ever, dietary supplementation with MOE showed a trend
toward decreased the ratio of AST to ALT (P=0.052)
compared with the control group.

Effects of dietary MOE on the humoral immunity of
weaned piglets

As shown in Table 5, compared with the control group,
dietary supplementation with 0.05% MOE significantly
decreased the EOS count in the peripheral blood of
weaned piglets (P<0.05), while 0.1% MOE significantly
increased the EOS count and EOS’ percentage to WBC
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Table 3 Effects of Magnolia officinalis extract (MOE)
supplementation on growth performance of weaned piglets

Items Control MOE SEM  P-value
0.05% 0.1%
Initial BW (kg) 7.38 739 733 039 0.986
Final BW (kq) 15.34 16.13 15.82 038 0.360
ADG (g/d) 28449 31210  303.13 7.23 0.067
ADFI (g/d) 582.15°  659.42° 66828° 2053 0.007
F/G 2.05 2.12 222 0.11 0414
Diarrhea incidence (%) 32.42° 2453¢  2860P 1.01  <0.001

BW, bodyweight; ADG, average daily gain; ADFI, average daily feed intake; F/G,
feed/gain. In the same row, values with no letter or the same letter superscripts
indicate no significant difference (P>0.05). In contrast, values with different
letter superscripts imply a significant difference (P<0.05); 0.05<P<0.10
indicates a significant trend. Data are presented as mean+SEM (n=8)

Table 4 Effects of Magnolia officinalis extract (MOE) on serum
biochemical parameters in weaned piglets

Items Control  MOE SEM P-value
0.05% 0.1%
TP (g9/L) 46.41 47.28 4744 1.82 0.832
ALB (g/L) 31.20 32.60 29.31 2.5 0.445
ALT (U/L) 46.57 47.11 4800 271 0.868
AST (U/L) 40.50 39.86 41.38 415 0.935
AST / ALT 0.98 0.82 0.83 0.07 0.052
LDH (U/L) 476.25 523.00 526.63 3577 0311
BUN (mmol/L) 1.34 1.70 1.26 0.27 0.342
TG (mmol/L) 043 046 044 004 0779
CHOL (mmol/L) 222 213 237 0.26 0.651
LDL (mmol/L) 1.21 1.21 1.34 0.19 0.741
HDL (mmol/L) 0.82 0.72 0.83 012 0638

TP, total protein; ALB, albumin; ALT, alanine transaminase; AST, aspartate
aminotransferase; AST / ALT, the ratio of AST to ALT; LDH, lactic dehydrogenase;
BUN, blood urea nitrogen; TG, triglyceride; CHOL, cholesterol; HDL, high-
density lipoprotein; LDL, low-density lipoprotein. In the same row, values
with no letter or the same letter superscripts indicate no significant difference
(P>0.05). In contrast, values with different letter superscripts represent a
significant difference (P<0.05); 0.05<P<0.10 implies a significant trend. Data
are presented as mean+SEM (n=8).

(P<0.05), the EOS count and EOS’ percentage to WBC
were the lowest (P<0.05) in the 0.05% MOE group. As
shown in Table 6, compared with the control group,
dietary supplementation with MOE decreased IL-6 levels
(P<0.05), which was the lowest in the 0.05% MOE group.
Dietary supplementation with 0.05% MOE increased
the serum TGEF-f levels. Dietary supplementation with
0.05% MOE decreased the serum IL-4 levels (P<0.05),
and increased those of IgG and IL-10 (P <0.05) compared
with the 0.1% MOE group.

Effects of dietary supplementation with 0.05% MOE on the
intestinal morphology of weaned piglets

Based on the results of growth performance, serum bio-
chemistry, and humoral immunity, the samples of pig-
lets from the control and the 0.05% MOE groups were
selected for further investigation. The morphology data
of the jejunum and ileum, and the numbers of goblet
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Table 5 Effects of Magnolia officinalis extract (MOE) on the differential blood count of weaned piglets

Items Control MOE SEM P-value

0.05% 0.1%

Count WBC 20.11 2044 2313 1.03 0431

(10°L) NEU 4.80 467 6.09 0.57 0.551
LYM 14.18 14.53 15.12 0.63 0.831
MON 0.95 1.07 1.51 0.14 0216
EOS 0.16° 0.12¢ 0.35° 0.35 0.011
BAS 0.03 0.05 0.05 0.01 0.126

Percentage NEU 23.94 2133 2545 1.89 0.539

(%) LYM 7044 73.12 66.47 214 0443
MON 4.70 4.75 6.37 044 0.715
EOS 0.77° 0.57¢ 1.50° 0.14 0.003
BAS 0.14 023 0.21 0.02 0.558

WBC, white blood cell; NEU, neutrophil; LYM, lymphocyte; MON, monocyte; EOS, eosinophils; BAS, basophilic granulocyte. In the same row, values with no letter or
the same letter superscripts indicate no significant difference (P>0.05). In contrast, values with different letter superscripts imply a significant difference (P<0.05);
0.05<P<0.10 indicates a significant trend. Data are presented as mean+SEM (n=8).

Table 6 Effects of Magnolia officinalis extract (MOE) on serum
Immunoglobulin and cytokine levels in weaned piglets

Items Control MOE SEM P-value
0.05%  0.1%
IgM (g/L) 0.70 0.66 065 0.09 0.858
IgG (g/L) 3240 4357 3420 0.29 0.002
IL-1B (pg/mL) 12949 12449 12536 527 0.605
IL-4 (pg/mL) 11.13° 11.40° 1277° 043 0.002
IL-6 (pg/mL) 19123°  16793° 17124° 463 <0001
IL-10 (pg/mL) 27.45P 3069° 26.24° 0.97 0.001

TGF-B (pg/mlL)  15405° 176117 16503 563 0.003

IgM, immunoglobulin M; 1gG, immunoglobulin G; IL-13, interleukin-16; IL-4,
interleukin-4; IL-6, interleukin-6; IL-10, interleukin-10; TGF-B, transforming
growth factor-B. In the same row, values with no letter or the same letter
superscripts indicate no significant difference (P>0.05). In contrast, values
with different letter superscripts imply a significant difference (P<0.05);
0.05<P<0.10 indicates a significant trend. Data are presented as mean+SEM
(n=8).

Table 7 Effects of 0.05% Magnolia officinalis extract (MOE) on
the intestinal morphology of weaned piglets

Items Control 0.05% MOE SEM P-value

Jejunum  VH (um) 378510 41424° 1454 0.028
CD (um) 1678  184.00 18.09 0.386
VH: CD 239 2.31 0.28 0.792
Goblet cell number  8.20 9.20 0.51 0.065
Lymphocyte number 9327 11451 16.16 0.210

lleum VH (um) 34982 376.62 3066 0458
CD (um) 163.14  160.89 1434 0878
VH: CD 217 238 026 0440
Goblet cell number 1850 1830 1.14 0.863
Lymphocyte number 3694 57257 8.36 0.029

VH, villous height; CD, crypt depth; VH: CD, villus height to crypt depth ratio.
In the same row, values with no letter or the same letter superscripts indicate
no significant difference (P>0.05). In contrast, values with different letter
superscripts imply a significant difference (P<0.05); 0.05<P<0.10 indicates a
significant trend. Data are presented as mean+SEM (n=38).

cells and lymphocytes are presented in Table 7; Fig. 2.
As shown in Fig. 2, there were no obvious pathological
changes between the two groups in intestinal morphol-
ogy. The VH of jejunum was higher in the 0.05% MOE
group compared to the control group (P<0.05) and
showed a trend toward increased the goblet cell num-
ber (P=0.065) in jejunum (Table 7). Furthermore, 0.05%
MOE increased the number of lymphocytes (P<0.05)
in ileum. These results suggest that dietary 0.05% MOE
supplementation is not harmful to the intestinal health
of piglets and can improve the morphological structure
of the small intestine to some extent. In the ileum, this
improvement may be attributed to an increase in the
number of lymphocytes.

Effects of dietary supplementation with 0.05% MOE on the
intestinal immune function and immune organs of weaned
piglets

Immune organ indices and cytokine levels are presented
in Tables 8 and 9. Dietary supplementation with 0.05%
MOE significantly increased the thymus index (P<0.05),
compared with the control group, but there were no sig-
nificant differences between the two groups in terms of
the spleen index (P>0.05) (Table 8). IL-10 and TGF-p
levels in the jejunum and those of sIgA and IL-10 in the
ileum were higher in the 0.05% MOE group than those
in the control group (P<0.05) (Table 9). In addition,
0.05% MOE group notably decreased the pro-inflamma-
tory levels of IL-1( and IL-6 in the jejunum. Therefore,
we further detected the mRNA expressions of immune-
related genes in the jejunum, ileum, and thymus. As
shown in Fig. 3; Table 10, dietary supplementation with
0.05% MOE increased the mRNA expressions of IL-10
and TGF-P1 in the jejunum and ileum (P<0.05) (Fig. 3A,
B), and that of the IL-10 mRNA in the thymus (P<0.05)
(Fig. 3C). Supplementation with 0.05% MOE showed a
trend toward decreased IL-4 mRNA expression in the
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Control

Jejunum

lleum
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0.05% MOE

Fig. 2 Effect of dietary Magnolia officinalis extract (MOE) on the intestinal morphology of the jejunum and ileum in weaned piglets. (A, B) Jejunal sections
of piglets in the control and 0.05% MOE groups. (C, D) Ileum section of piglets in the control and 0.05% MOE groups

Table 8 Effects of 0.05% Magnolia officinalis extract (MOE) on
the immune organ index of weaned piglets

Table 9 Effects of 0.05% Magnolia officinalis extract (MOE) on
the tissue cytokines of jejunum and ileum in weaned piglets

Items (g/kg) Control 0.05% MOE SEM P-value Items Control 0.05% MOE SEM  P-value
Spleen index 2.12 245 0.21 0.134 Jejunum  sIgA (ug/ml) 137.71 133.99 18.80 0.846
Thymus index 0.71° 0.94° 0.08 0016 I-18 (pg/mL)  110.22°  84.80° 410 <0001
In the same row, values with no letter or the same letter superscripts indicate IL-4 (pg/mL) 11.23 10.90 1.60 0.839
Supersrits Imply » sgnifcant dference (<09 0,054 <010 mdicates a L6pg/m)  14830° 11457 392 <0001
significant trend. Data are presented as mean = SEM (n=8). IL-10 (pg/mL)  2088° 2497 147 0.015

TGF-B (pg/ml)  293.18°  414.95° 5111 0032

b a

jejunum and ileum (0.05< P <0.10) and signiﬁcant}y e lsf%((;;gg//r:n% 1 ?ggz 12?;; 12:;2 g:g;i
decreased the mRNA expressions of IL-1 and IFN-y in IL-4 (pg/mL) 1184 1268 090 0371
the thymus (P<0.05) (Table 10). -6 (pg/ml) 14797  160.89 1271 0326

IL-10 (pg/mL) 24.18° 29.43° 1.69 0.008
Composition of SCFAs in the colon TGF-B (pg/ml) 27082 25196 1505 0231

The composition of SCFAs in the colonic contents is
shown in Table 11. Dietary supplementation with 0.05%
MOE markedly increased the levels of Total SCFAs. At
the same time, the content of isobutyric, isovaleric, and
valeric acids in the colon were significantly higher than
those in the control group (P<0.05).

In the same row, values with no letter or the same letter superscripts indicate
no significant difference (P>0.05). In contrast, values with different letter
superscripts imply a significant difference (P<0.05); 0.05<P<0.10 indicates a
significant trend. Data are presented as mean + SEM (n=8).
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Fig. 3 mRNA expressions of immune-related genes in weaned piglets. IL-13, interleukin-16; IL-4, interleukin-4; IL-10, interleukin-10; TGF-B1, transforming
growth factor-B1; TNF-a, tumor necrosis factor-a; IFN-y, interferon-y; *: P<0.05; **: P<0.01

Discussion

Chinese herbal medicine, as feed additives, promotes the
growth of livestock and poultry, provides health care,
prevents disease, and has non-toxic, harmless, non-resid-
ual, and non-resistant properties [30]. Therefore, they are
considered a potential alternative to antibiotic additives,
effectively mitigating the spread of antibiotic resistance
(AMR) and the global health threat posed by AMR [31,
32]. Zhang et al. [33] reported significantly increased
ADG and feed conversion ratio in broilers following
dietary supplementation with a composite herbal medi-
cine comprising Magnolia officinalis and hawthorn fruit.
Qu et al. indicated that magnolol improved the average
daily weight gain of weaned piglets [34]. Xia et al. [35]
found that Cangpo oral liquid (CAL) contains 130 pg/
mL of magnolol and 300 pug/mL of honokiol, and its oral
administration inhibited small intestine peristalsis in pig-
lets with diarrhea, resulting in an enhanced recovery rate
in piglet diarrhea. Deng’s study demonstrated that MOE
reduced diarrhea by decelerating the creeping speed of

the small intestines and blocking the Ca** channel [36)].
In this study, supplementation with 0.05% and 0.1% MOE
increased piglet ADFI and reduced the diarrhea inci-
dence in experimental piglets, consistent with previous
results. Some studies have shown that MOE can inhibit
pathogenic bacteria such as Escherichia coli and Salmo-
nella, and it also has inhibitory effects on Gram-positive
bacteria [37]. Supplementing with a high dose (0.1%) of
MOE may inhibit intestinal pathogenic bacteria but also
suppress lactic acid bacteria, leading to intestinal micro-
biota imbalance and inflammation [38]. This resulted in
an increased EOS count, a higher percentage of EOS in
WBC, and elevated serum IL-4 level in the 0.1% MOE
group, which may also explain why the diarrhea inci-
dence in the 0.1% MOE group was higher than in the
0.05% MOE group and not higher than the CK group.
Intestinal morphology and the integrity of the intesti-
nal mucosa are important indicators of intestinal health
and function [39]. Increased VH implies an increase in
the digestibility of nutrients in the intestine [40]. Dietary
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Table 10 mRNA expressions of immune-related genes in
weaned piglets

Items Control 0.05% MOE SEM P-value
Jejunum I-13 1.00 1.09 0.05 0.116
IL-4 1.00 084 0.09 0.087
IL-10 1.00° 1.56° 0.08 <0.001
TGF-R1 1.00° 121° 008 0.027
TNF-a 1.00 1.19 0.11 0.102
IFN-y 1.00 1.24 0.13 0.100
lleum IL-1B 1.00 092 0.07 0.283
IL-4 1.00 1.17 0.08 0.051
IL-10 1.00° 134° 0.08 0.002
TGF-B1 1.00° 142° 0.08 <0.001
TNF-a 1.00 1.19 0.11 0.102
IFN-y 1.00 1.02 0.10 0.871
Thymus IL-18 1.00° 051° 0.08 <0.001
-4 1.00 0.83 0.10 0.105
IL-10 1.00° 1.89° 0.11 <0001
TGF-B1 1.00 096 0.06 0463
TNF-a 1.00 1.16 0.10 0.121
IFN-y 1.00° 048° 0.08 <0.001

In the same row, values with no letter or the same letter superscripts indicate
no significant difference (P>0.05). In contrast, values with different letter
superscripts imply a significant difference (P<0.05); 0.05<P<0.10 indicates a
significant trend. Data are presented as mean+SEM (n=8).

Table 11 Effects of MOE on short-chain fatty acid (SCFA)
concentrations in the colonic contents of weaned piglets

Items (pg/q) Control 0.05% MOE SEM P-value
Acetic acid 297.56 305.93 26.67 0.758
Propionic acid 363.74 397.97 4145 0423
Butyric acid 63837 782.66 91.25 0.136
Isobutyric acid 69.35° 116.52° 10.32 <0.001
Isovaleric acid 264.65° 352.04° 25.68 0.004
Valeric acid 187.33° 256.75° 21.27 0.006
Total SCFAs 1842.85P 2211.87° 146.27 0.024

In the same row, values with no letter or the same letter superscripts indicate
no significant difference (P>0.05). In contrast, values with different letter
superscripts imply a significant difference (P<0.05); 0.05<P<0.10 indicates a
significant trend. Data are presented as mean+SEM (n=8).

supplementation with 0.01-0.03% MOE positively affects
the intestinal mucosal structure of broilers [41]. Simi-
larly, Lin’s study showed that meat ducks fed magnolol
had intact intestinal mucosa and magnolol increased
the VH in the duodenum and ileum of meat ducks [42].
In this study, dietary supplementation with 0.05% MOE
increased the VH of the ileum, indicating that MOE pro-
moted the growth and repair of intestinal epithelial cells
(IECs). As a crucial component of the ileum immune
system, ileum lymphocytes can recognize and elimi-
nate invading pathogens and other foreign substances.
We observed an increase in the number of lymphocytes
in the ileum, indicating that a diet with 0.05% MOE
improved the animals’ immune defense against patho-
gens and other external threats. MOE had no significant
effects on VH and CD in the ileum. This may be due
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to the varying absorption capabilities of different seg-
ments of the intestine for MOE [43], and suggests that
MOE may affect the intestinal mucosa differently at dif-
ferent locations. Therefore, future studies should focus
on investigating these variations in different parts of the
intestine to maximize the potential benefits of MOE.

Magnolia officinalis effectively ameliorated intestinal
pathological damage and barrier gene expression [44].
Cheng et al. [45] discovered that magnolol enhanced the
immune response and immune organ index in broilers,
contributing to increased disease resistance. The addi-
tion of 200 mg/kg magnolol in the diet upregulated the
relative expression of claudin proteins in the jejunum of
laying hens, thereby maintaining the intestinal muco-
sal barrier function [46]. In a study on goldfish, Zhang
et al. found that dietary supplementation with magnolol
(3 g magnolol/kg commercial feed) elevated the expres-
sions of anti-inflammatory cytokines (IL-10, TGF-p, and
IL-4) in the liver [47]. As a free radical scavenger, mag-
nolol decreased cerebral infarction volume and neuronal
apoptosis in traumatic brain injury in rats by decreasing
hydroxyl radical levels and upregulating TGF-B1 expres-
sion [48]. Moreover, MOE exerts anti-inflammatory
effects by inhibiting the TLR/MAPK/NF-kB signaling
pathway [49]. Magnolol also promotes the secretion of
IL-10, which in turn reduces the production of pro-
inflammatory cytokines such as IL-6, IL-8, and IL-1B
[50]. In this study, dietary supplementation with MOE
enhanced the immune function of weaned piglets and
reduced the number of blood EOS and serum IL-6 lev-
els. Piglets supplemented with 0.05% MOE showed sig-
nificantly higher thymus organ index and levels of IgG,
IL-10, and TGEF-P in serum, expression of sIgA in the
ileum, and the ileum lymphocyte number compared
with the control group. Piglets in the 0.1% MOE groups
showed significantly higher serum IL-4 levels than the
control group. Supplementation with 0.05% MOE sig-
nificantly increased the levels of IL-10 and TGF-B1 in
the intestine and IL-10 mRNA expression in the thymus.
Concurrently, it decreased the levels of IL-1f3 and IL-6, as
well as IL-1p and IFN-y mRNA expression in the thymus.
These results of this study are consistent with previous
findings, demonstrating MOE'’s ability to regulate metab-
olism and improves immune function.

Furthermore, MOE could significantly increase the rel-
ative abundance of beneficial microorganisms [44], and
improve the intestinal flora of mic, and maintain nor-
mal metabolic pathways of gut microbiota [51]. SCFAs
derived from the fermentation of the gut microbiome
crucially maintain intestinal homeostasis [52], they serve
as an essential energy source for IECs and strengthen the
gut barrier functions [53], and SCFAs exert anti-inflam-
matory effects in the intestinal mucosa by inhibiting his-
tone deacetylases and activating the G-protein-coupled
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receptors of IECs and immune cells [54]. Oral admin-
istration of SCFAs as bacterial fermentation products
promotes intestinal cell proliferation in both germ-free
and specific pathogen-free mice [55]. Valeric acid can
increase the density of glucagon-like peptide-2-produc-
ing enteroendocrine cells and reduce the incidence of
necrotic enteritis [56]. Li et al. comfirmed that the vale-
ric acid derived by gut commensal elevated the survival
rate of irradiated mice, protected hematogenic organs,
improved gastrointestinal tract function, and main-
tained intestinal epithelial integrity [57]. Mei et al. found
that dietary supplemented 0.02% magnolol significantly
increased the contents of acetate, propionate and SCFAs
in the feces of weaned piglets [58], and we observed an
increase in the levels of Total SCFAs, isobutyric acid, iso-
valeric acid, and valeric acid in the colon, when piglets
supplemented with 0.05% MOE. Taken together, MOE
can potentially enhance animal intestinal homeostasis by
increasing the levels of SCFAs in the intestine.

Conclusions

In this study, dietary supplementation with 0.05%
and 0.1% MOE both significantly increased the ADFI,
reduced the diarrhea incidence, and lowered serum IL-6
levels in weaned piglets, indicating a positive effect on gut
health and inflammation. However, the effects were more
pronounced with 0.05% MOE, particularly in improving
growth performance, serum biochemistry, and humoral
immune responses. The 0.05% MOE diet enhanced the
expression of immune-related genes, including IL-10 and
TGF-f51, in the thymus and intestine, while also increas-
ing the levels of SCFAs in the colon. These findings
highlight that 0.05% MOE supplementation can reduce
diarrhea incidence, enhance immune response, and
improve gut health, suggesting its potential as an effec-
tive and valuable feed additive for weaned piglets.
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AB-PAS  Alcian blue-periodic acid-Schiff
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ADG Average daily gain
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ALT Alanine transaminase

AST Aspartate aminotransferase
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BW Body weight
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IFN-y Interferon-y

IgM Immunoglobulin M

IgG Immunoglobulin G

IL-1B Interleukin-1

IL-4 Interleukin-4
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I-6 Interleukin-6

IL-10 Interleukin-10

LDH Lactic dehydrogenase

LDL Low-density lipoprotein

LYM Lymphocytes

MOE Magnolia officinalis extract
MON Monocytes

NEU Neutrophils

SCFAs Short-chain fatty acids

SID Standardized ileal digestibility
slgA Secretory immunoglobulin A
TG Triglyceride

TGF-3 Transforming growth factor-f3
TNF-a Tumor necrosis factor-a

TP Total protein
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