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Abstract

This experiment aimed to investigate the effects of Clostridium butyricum on
fat metabolism in the leg muscle of broiler chickens. A total of 192 one-day-old
Arbor Acres broiler cocks were selected and randomly divided into 2 groups with
6 replicates per group and 16 chickens per replicate. The control group was fed
a basal diet, while the experimental group was fed the basal diet supplemented
with 1x109 CFU/kg Clostridium butyricum. The experimental period lasted
42 days. The results showed that, compared with the control group: 1) dietary
supplementation of Clostridium butyricum significantly increased the intramus-
cular fat content in the leg muscle of 21-day-old broilers (P<0.05), but had no
significant effect on the intramuscular fat content in the leg muscle of 42-day-
old broilers (P>0.05). 2) dietary supplementation of Clostridium butyricum
significantly decreased the hormone-sensitive lipase activity in the leg muscle of
21-day-old broilers (P<0.05), significantly increased the lipoprotein lipase activ-
ity in the leg muscle of 21-day-old broilers (P<0.05), and showed a tendency to
increase the lipoprotein lipase activity in the leg muscle of 42-day-old broilers
(0.05
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Abstract

This experiment investigated the effects of dietary Clostridium butyricum sup-
plementation on thigh muscle lipid metabolism in broiler chickens. A total of
192 one-day-old male Arbor Acres (AA) broilers were randomly allocated into
two groups with six replicates per group and 16 broilers per replicate. The
control group received a basal diet, while the treatment group received the
basal diet supplemented with 1x10 CFU/kg Clostridium butyricum. The ex-
periment lasted 42 days. Compared with the control group, dietary Clostridium
butyricum supplementation significantly increased thigh muscle intramuscular
fat content at 21 days of age (P<0.05), but had no significant effect at 42 days
of age (P>0.05). Supplementation significantly decreased hormone-sensitive
lipase (HSL) activity at 21 days (P<0.05), significantly increased lipoprotein li-
pase (LPL) activity at 21 days (P<0.05), and tended to increase LPL activity at
42 days (0.05<P<0.10). Serum free triiodothyronine (FT3) content was signifi-
cantly decreased at 21 days (P<0.05). Additionally, adipose triglyceride lipase
(ATGL) mRNA expression in thigh muscle was significantly downregulated at
21 days (P<0.05). These results indicate that dietary Clostridium butyricum
supplementation can positively influence intramuscular fat deposition by modu-
lating lipid metabolism-related enzyme activities and gene expression in broiler
thigh muscle, particularly during the early growth phase.

Keywords: Clostridium butyricum; broilers; thigh muscle; lipid metabolism

1. Materials and Methods

1.1 Experimental Design and Animals A total of 192 one-day-old male
Arbor Acres (AA) broilers were randomly divided into two dietary treatment
groups with six replicates per group and 16 birds per replicate. The control
group was fed a basal diet formulated according to NRC (1994) standards, while
the treatment group received the basal diet supplemented with Clostridium bu-
tyricum at a concentration of 1x10 CFU/kg. The C. butyricum strain (CCTCC
M 2011384) was provided at a purity of 5x10 CFU/g. The feeding trial lasted
42 days.

1.2 Diet Composition The basal diet composition and nutrient levels are
presented in Table 1 . The vitamin premix provided per kilogram of diet: VA
12,500 IU, VD 2,500 IU, VK 2.65 mg, VB 2.00 mg, VB 6.00 mg, VB 0.025
mg, VE 30 IU, biotin 0.0325 mg, folic acid 1.25 mg, pantothenic acid 12.00 mg,
and nicotinic acid 50.00 mg. The mineral premix provided per kilogram of diet:
Cu 8.00 mg, Zn 75.00 mg, Fe 100.00 mg, Mn 100.00 mg, Se 0.15 mg, and I 0.35
mg.

1.3 Sample Collection At 21 and 42 days of age, birds were weighed after
a 12-hour fast. Blood samples were collected and centrifuged to obtain serum.
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Thigh muscle samples were rapidly excised, frozen in liquid nitrogen, and stored
at -80°C for subsequent analysis of enzyme activities and gene expression.

1.4 Laboratory Analyses 1.4.1 Intramuscular Fat Content
Intramuscular fat content was determined using standard extraction methods.

1.4.2 Enzyme Activity Assays

Lipoprotein lipase (LPL) activity was measured using a commercial assay kit,
with one unit defined as 1 mol of free fatty acid released per hour. Hormone-
sensitive lipase (HSL) activity was determined according to established protocols
[6].

1.4.3 Serum Hormone Analysis
Serum free trilodothyronine (FT3) and free thyroxine (FT4) concentrations were
measured using radioimmunoassay kits.

1.4.4 Gene Expression Analysis

Total RNA was extracted from thigh muscle using TRIzol reagent (Invitro-
gen Life Technologies, Carlsbad, CA). Real-time PCR was performed using
TaKaRa reagents with gene-specific primers (Table 2 ). Target genes included
heart-type fatty acid binding protein (H-FABP), adipocyte fatty acid binding
protein (A-FABP), adipose triglyceride lipase (ATGL), carnitine palmitoyltrans-
ferase 1 (CPT1), CPT2, long-chain acyl-CoA dehydrogenase (LCAD), and LPL.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) served as the reference
gene. Relative expression was calculated using the 27 (-AACt) method.

1.5 Statistical Analysis Data were analyzed using SAS 9.2 software. Differ-
ences between groups were assessed by t-test. Results are expressed as means +
standard deviation. Statistical significance was declared at P<0.05, with trends
noted at 0.05<P<0.10.

2. Results

2.1 Intramuscular Fat Content Dietary C. butyricum supplementation sig-
nificantly increased thigh muscle intramuscular fat content at 21 days of age
(P<0.05) but had no significant effect at 42 days (P>0.05) (Fig. 1 [Figure 1:
see original paper]).

2.2 Lipid Metabolism Enzyme Activities Supplementation significantly
decreased HSL activity at 21 days (P<0.05) while significantly increasing LPL
activity at 21 days (P<0.05). At 42 days, LPL activity showed an increas-
ing trend (0.05<P<0.10), though HSL activity was not significantly affected
(P>0.05) (Fig. 2 [Figure 2: see original paper]).
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2.3 Serum Hormone Contents Serum FT3 concentration was significantly
reduced at 21 days in the C. butyricum group (P<0.05), while FT4 levels re-
mained unchanged. No significant differences were observed for either hormone
at 42 days (P>0.05) (Fig. 3 [Figure 3: see original paper]).

2.4 Gene Expression ATGL mRNA expression in thigh muscle was signifi-
cantly downregulated at 21 days (P<0.05). However, no significant differences
were detected for H-FABP, A-FABP, CPT1, CPT2, LCAD, or LPL mRNA ex-
pression at either time point (P>0.05) (Fig. 4 [Figure 4: see original paper]).

3. Discussion

The present study demonstrates that dietary C. butyricum supplementation
modulates lipid metabolism in broiler thigh muscle, particularly during the early
growth phase (1-21 days). The significant increase in intramuscular fat content
at 21 days coincided with enhanced LPL activity and reduced HSL activity,
suggesting a shift toward fat storage. The downregulation of ATGL mRNA
expression further supports reduced lipolysis. These effects may be mediated
through alterations in thyroid hormone status, as evidenced by decreased FT3
levels.

Previous studies have reported that C. butyricum improves growth performance
and alters cecal microbiota composition [2-4]. The current findings extend these
observations by revealing direct effects on muscle lipid metabolism. The time-
dependent nature of the response, with effects diminishing by 42 days, suggests
that early intervention with probiotics may be critical for programming lipid
deposition patterns.

The lack of significant changes in most gene expression levels, despite altered
enzyme activities, indicates potential post-transcriptional regulation. The
trend toward increased LPL activity at 42 days, without corresponding mRNA
changes, supports this hypothesis. Further research is needed to elucidate the
molecular mechanisms underlying these observations.

4. Conclusion

Dietary supplementation with Clostridium butyricum at 1x10 CFU/kg posi-
tively affects intramuscular fat deposition in broiler thigh muscle by regulating
key lipid metabolism enzymes and gene expression, particularly during the first
21 days post-hatch. These findings provide a basis for using probiotics to im-
prove meat quality in poultry production.
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Table 1
Composition and nutrient levels of basal diets (air-dry basis), %
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Table 2
Primers for real-time PCR

Figure 1 [Figure 1: see original paper]
Effects of Clostridium butyricum on thigh muscle intramuscular fat content of
broilers

Figure 2 [Figure 2: see original paper]
Effects of Clostridium butyricum on thigh muscle lipid metabolism enzyme ac-
tivities of broilers

Figure 3 [Figure 3: see original paper]
Effects of Clostridium butyricum on serum hormone contents of broilers

Figure 4 [Figure 4: see original paper]
Effects of Clostridium butyricum on thigh muscle lipid metabolism related gene
expression of broilers

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.
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