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Abstract

Objective:

Intramuscular fat (IMF) content is a key determinant of pork quality, and gut microbiota along with their
metabolites may play a role in regulating lipid metabolism in host muscle. Indigenous Chinese pig breeds
exhibit significantly superior IMF deposition capacity compared to Duroc x Landrace x Yorkshire (DLY)
crossbred commercial pigs. In this study, by comparing IMF deposition characteristics and gut microbiota
composition between indigenous pigs and crossbred pigs with differential intramuscular fat accumulation, a
candidate strain, Clostridium butyricum, was isolated from the intestinal contents of indigenous pigs
exhibiting high IMF content. Furthermore, its regulatory effects on IMF deposition and lipid metabolism
under intestinal inflammatory conditions were preliminarily evaluated in a mouse model, aiming to provide
a candidate bacterial strain and experimental basis for future studies on IMF regulation in pigs.

Methods:

(1) Analysis of gut microbiota differences in pigs with distinct IMF deposition characteristics and
isolation and identification of C. butyricum. Indigenous pigs and DLY pigs were used as subjects. IMF
content, serum triglyceride (TG) level, and mRNA expression levels of key genes involved in lipid
metabolism were measured to compare inter-breed differences in IMF deposition. 16S rRNA high-throughput
sequencing was performed to analyze differential gut microbiota and to screen for differential genera between
the two breeds. These genera were then targeted for bacterial isolation and identification, followed by
assessment of growth performance and tolerance.

(2) Regulatory effect of C. butyricum on IMF deposition in healthy mice. Healthy BALB/c mice were
orally gavaged with either normal saline or C. butyricum suspension at three doses (1 x 10%, 1 x 108, and 1 x
107 CFU/mL) for 6 weeks. Growth performance was evaluated, and indices including lipid metabolism gene
expression, TG content, and IMF content were measured to preliminarily determine the appropriate
intervention dose.

(3) Regulatory effect of C. butyricum on IMF deposition in mice with intestinal inflammation. /n vitro,
the anti-inflammatory potential of C. butyricum was assessed by co-incubating I[IPEC-J2 cells with bacterial
suspension, cell pellets, or supernatant. /n vivo, a mouse model of colitis was induced using dextran sulfate
sodium (DSS). Mice were assigned to control group (CK), intestinal inflammation model group (DSS), and
C. butyricum intervention group (C. butyricum + DSS). Growth performance and intestinal inflammation
remission were assessed; TG content, Oil Red O staining of muscle fibers, and expression levels of key lipid

metabolism genes were examined. These analyses were combined with serum untargeted metabolomics to



investigate the possible metabolic pathways through which C. butyricum may regulate lipid metabolism.
Results:

(1) Indigenous pigs exhibited significantly higher TG content, IMF content, and mRNA expression
levels of lipogenesis and uptake-related genes (FASN and CD36) than DLY pigs (P < 0.05). Oil Red O staining
revealed a denser distribution of intramuscular lipid droplets in indigenous pigs. Clostridium sensu stricto_1
was identified as a differential genus in the gut microbiota of indigenous pigs. Targeted isolation from
indigenous pig gut contents yielded a strain of C. butyricum designated ML5358, which showed favorable
growth performance, reaching 1 x 108 CFU/mL at 18 h of culture, with a minimum pH of approximately 4.0,
indicating strong acid tolerance.

(2) Gavage results in healthy mice showed that the low- and medium-dose groups (1 x 107 and 1 x 10#
CFU/mL) exhibited significantly increased body weight gain (P < 0.05), whereas the high-dose group (1 x
10° CFU/mL) did not show a growth-promoting advantage but instead displayed a significantly elevated
spleen index (P < 0.05). Regarding lipid metabolism, medium- and high-dose interventions significantly
upregulated the mRNA level of the lipogenesis and uptake-related gene Fabp4, downregulated mRNA levels
of lipolysis and oxidation-related genes (Ppara and Cpt1b) (P < 0.05), and concurrently increased TG and
IMF content, suggesting that this strain has the potential to promote IMF deposition. Considering both
regulatory efficacy and safety, the medium dose (1 X 10® CFU/mL) was selected as the appropriate
intervention dose for subsequent studies.

(3) In vitro, both C. butyricum supernatant and bacterial suspension significantly reduced mRNA levels
of TNF-a and IL-6 in IPEC-J2 cells (P < 0.05), whereas the cell pellet showed no significant effect. In vivo,
C. butyricum intervention significantly decreased mRNA levels of pro-inflammatory cytokines (7NF-a and
IL-6) (P < 0.05), upregulated mRNA levels of tight junction proteins (Zo-1 and Occludin), and improved
intestinal barrier function in colitic mice. Furthermore, C. butyricum intervention enriched pathways related
to lipid metabolism and aromatic amino acid metabolism, upregulated mRNA levels of lipogenesis-related
genes (Srebfl, Accl, Fabp4) (P < 0.05), downregulated the lipolysis-related gene (Cpt1b), and ultimately
increased muscle TG content (P < 0.05) and improved intramuscular lipid droplet distribution.

Conclusion:

Indigenous pigs possess a greater capacity for IMF deposition than DLY pigs, and Clostridium sensu
stricto 1 is a characteristic gut microbiota genus indigenous pigs. Based on this finding, a C. butyricum strain
with favorable growth and tolerance was successfully isolated from the gut of indigenous pigs. Preliminary
findings suggest that this strain affects IMF deposition in healthy mice by modulating lipid metabolism-
related genes, and 1 x 108 CFU/mL was identified as an appropriate intervention dose. Moreover, this strain
exhibits anti-inflammatory activity and may participate in regulating IMF deposition and muscle lipid

metabolism under intestinal inflammatory conditions, potentially through the modulation of lipid metabolism
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and aromatic amino acid metabolic pathways. This study provides candidate strains and preliminary evidence
for subsequent in vivo validation of their role in improving IMF deposition in pigs.

Key words: Intramuscular fat; Gut microbiota; Clostridium butyricum; Mouse; Lipid metabolism
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Figure 1-1 Schematic diagram of the metabolic network regulating IMF deposition
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