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STRESS !!

Why does the weaning phase hold such significance?



Weaning stress 
often occur during a critical window of gut development
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- Dietary non-essential -

What makes 
Glu & Asp 

so interesting?



Energy source

Amino acid synthesis

Antioxidant

Immune supporter

Nucleotide synthesis

Energy source

Amino acid synthesis

Antioxidant

Immunomodulator

Cell proliferation

Glu
Glutamate

Asp
Aspartate

- Functional Amino Acids -



Can supplementing with 
Glu & Asp 

alleviate weaning 
complications ?



To investigate the effects of 
the dietary supplementation 
of Glu or Asp in weaned pigs 
challenged with F18 ETEC on

AIMS

Intestinal integrity

Intestinal immunity



1. Basal diet without ETEC challenge (NC)
2. Basal diet with ETEC challenge (PC)
3. PC + 1% Glu
4. PC + 2% Glu
5. PC + 1% Asp
6. PC + 2% Asp
7. PC + 50 mg/kg carbadox (Car)

Experimental 
design Dietary treatments

weaned piglets 



49 weaned piglets 
n = 7 pigs/treatment

d-7 d0

F18 ETEC 
Inoculation

1010 cfu/dose/day 

d1 d14

Weaning day
(~24-25 days old) 

d2

Necropsy
At recovery

d5

At peak diarrhea

Adaptation period Post-inoculation (PI)

d10

Analysis: ANOVA, PROC MIXED of SAS (P ≤ 0.05), pig as the experimental unit 

Timeline

Intestinal mucosa 
collection



ETEC Pathogenesis



RESULTS
Intestinal immune responses

qPCR



Th1-related cytokines



Relative mRNA abundance: Th1-related cytokines

P < 0.05
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Relative mRNA abundance: Th1-related cytokines

P < 0.05
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Th17-related cytokines
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No differences in mRNA expression of 
IL-23, IL-17A, and IL-22 in ileal mucosa were observed 

Relative mRNA abundance: Th17-related cytokines
Jejunal mucosa

P < 0.05



Pro-inflammatory cytokines



Relative mRNA abundance: Pro-inflammatory cytokines

P < 0.05
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No differences in mRNA expression of 
TNF-α and IL-1β were observed



Anti-inflammatory cytokines



P < 0.05

Relative mRNA abundance: Anti-inflammatory cytokines

No differences in mRNA expression of 
IL-10 in ileal mucosa and TGF-β1 were observed 
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• 1% Glu, 1% Asp, or 2% Asp modulated mRNA expression of 
Th1-related cytokines of ETEC infected pigs

• 1% Glu affected mRNA expression of Th17-related cytokines, 
especially IL-17A and IL-22 of ETEC infected pigs

• 2% Glu affected mRNA expression of IFN-γ 

• need to be further investigated

Conclusion: Intestinal immune responses
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RESULTS
Intestinal integrity

qPCR
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Intestinal epithelial barrier disruption
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Relative mRNA abundance: Occludin and Zonular occludens 1

P < 0.05
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• Glu or Asp affected mRNA expression of mucin 2 with similar 
trends as the carbadox group

• 1% Glu or 1% Asp affected the gene expression of tight 
junction proteins with similar trends as the carbadox group

Conclusion: Intestinal integrity



Further analysis

Intestinal 
morphology

Intestinal 
functions

Intestinal immune 
responses

Gut microbiomes

Metabolites



Take-home message

Ileal and jejunal 
mucosa exhibited 

different responses 
in cytokines and 

tight junction 
proteins mRNA 

expression

Glu and Asp may 
promote gut health, 
reduce diarrhea, and 

enhance growth 
performance 

through different 
mechanisms
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