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Abstract 
Piglets experience stresses that impact intestinal homeostasis and result in a high incidence 

of diarrhoea and reduced growth performance during weaning. Recent studies have indicated that 
gastrointestinal tract microbiota can be nutritionally regulated in ways that can benefit and promote 
gut health in weaning piglets. In this review, we discuss different components of nutrition and their 
effects on microbial populations, diversity, and activity and, in turn, how these altered microbial 
structures and activities affect gut health in weaning piglets. In addition, we discuss some of the inner 
mechanisms through which microbiota regulate and exert their effects on gut health, focusing 
particularly on adaptive and innate immunity, inflammatory responses and intestinal barrier integrity. 
Most of the mechanisms involve the TLR and NF-kB signalling pathways, and miRNA regulation. An 
understanding of the effects of nutritional regulation of microbiota on gut health and its underlying 
mechanisms can be applied in developing nutritional regimens that promote beneficial microbial 
structures for gut health. 
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1. The effects of weaning on the most common microbiota in the gastrointestinal tract 
of piglets. 

The composition of natural microflora in the gastrointestinal tract is not absolute because it 
develops gradually over time, with many changes occurring during weaning and infections (Zhao et 
al., 2020), and it is influenced by the interaction between the host and the microbiota. Foetuses are 
devoid of microbial species and can be regarded as germfree. Neonates are exposed to diverse 
microbes in the vaginal canal during parturition and in the suckling environment during nursing, 
resulting in microbial seeding. The nursing piglets are also exposed to microbiota on the sow skin, 
faeces, and mucosal surfaces, resulting in the piglets developing an adult-like microbial structure due 
to seeding and microbial succession (Guevara et al., 2019). However, as illustrated by a previous 
study, dietary, environmental and social stresses induced by the weaning transition result in 
alterations in the gut microbiota with loss of microbial diversity (Gresse et al., 2019). In this section, 
these changes in gastrointestinal tract microbiota related to weaning in piglets are identified. 

The microbiota in the gut of a piglet are mainly composed of Lactobacillus, Actinobacillus, 
Romboutsia, Escherichia Shigella, Bacteroides, Terrisporobacter, and Campylobacter genera at all 
gastrointestinal tract sites (Li et al., 2018; Adhikari & Kim et al., 2019; Zhao et al., 2020). However, 
during the weaning transition, a small number of dominant species constitute the gut microbiota. An 
increase in fermentative anaerobes and a decrease in the abundance of Lactobacillus group bacteria 
are observed (Gresse et al., 2019). The core bacterial phyla found all along the piglets' digestive tract 
during weaning are Firmicutes, Cyanobacteria, and Actinobacteria, with Firmicutes being the most 
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abundant with a relative abundance of 97% (Li et al., 2017). These findings on the decrease in 
microbial diversity coincide with the findings of Kraler et al. (2016). In the research by Kraler et al. 
(2016) the phyla Firmicutes, Proteobacteria, and Bacteroidetes were abundant (Hu et al., 2016). 
Proteobacteria and Firmicutes constitute approximately 25% and 43.5% of the total mean microbiota 
relative abundance, respectively (Kraler et al., 2016; Wang et al., 2019). The reduction in microbial 
diversity in the gastrointestinal tract of piglets during weaning gives rise to opportunistic pathogens 
such as E. coli, which is a predominant group in both the small intestine and the large intestine in 
piglets during weaning but is in relatively low abundance under normal health conditions (Chen et al., 
2013). The increase in the relative abundance of E. coli during weaning further disrupts the piglets' 
gut microbiome, leading to diarrhoea and growth reduction experienced through the post-weaning 
period. 

The abundance of beneficial bacterial species such as Lactobacillus and Bifidobacteria over 
pathogenic ones in the entire digestive tract is preferable for the stability of the intestinal immune 
system and the body. The health of organisms depends primarily on the composition of intestinal 
microflora, which is a key area for further development in piglets during weaning to enhance health 
benefits to the organism. The microbiota composition across the gastrointestinal tract in the weaning 
piglets is shown in Table 1. In conclusion, weaning alters the gut microbiome in piglets by decreasing 
microbial diversity, downregulating the abundance of beneficial bacteria, and increasing the 
proliferation of pathogenic bacteria. 

 
2. Influences of microbiota on weaning piglets' gastrointestinal function and health 

Intestinal microbiota composition and metabolic activities are important parameters affecting 
gastrointestinal health in animals (Blachier et al., 2013). The composition and diversity of the 
microbiota affects gut epithelial integrity, barrier function, and immunity (Su et al., 2018). In this 
section, the influences of microbiota on these gastrointestinal functions and health in weaning piglets 
are identified. 

During weaning, the abundance of Lactobacillus group bacteria in the gastrointestinal tract of 
piglets is very low. Normally, Lactobacillus predominates the small intestine and has a positive effect 
on piglets' gut health, being vital itself in disease prevention. However, the relatively low abundance of 
Lactobacillus in the gut of weaning piglets decreases mucin production (secreted by intestinal goblet 
cells), thus disrupting the gut barrier through a permeable, thin mucus layer (Fouhse et al., 2016). The 
relatively low abundance of Lactobacillus downregulates the gene expression of occludin and cingulin 
(Anderson et al., 2010), which are paramount tight junction proteins in Caco-2 cells. Furthermore, the 
abundance of lactic acid-producing bacteria (Lactobacillus and Bifidobacteria) decreases during 
weaning, which increases intestinal pH and in turn, increases disease susceptibility (Konstantinov et 
al., 2004) since acidic gut pH is bactericidal. The decreased abundance of Bifidobacterium inhibits the 
expression of an ABC transporter responsible for the stimulation of fructose metabolism to acetate. 
Acetate promotes the integrity and barrier function of epithelial cells, preventing the passage of Shiga 
toxins past the barrier, a function that is absent in weaning piglets. The reduced number of 
Lactobacilli and Bifidobacteria in weaning piglets also reduces protein bacteriocins, which increases 
the growth of related bacterial species (Kawai et al., 2004; Kantas et al., 2014). Lactobacillus on its 
own adheres to ileal epithelial cells and prevents the adhesion of other pathogenic microbes to the 
epithelial cells in a mechanism of competitive exclusion. Prevotella is abundant in the gut of piglets 
during weaning. 

The abundance of Prevotella in the gut and the accompanying microbial fermentation 
stimulates the secretion of mucosal immunoglobulins (IgA), restricting pathogen access through 
intestinal epithelial cells (Fouhse et al., 2016), which also improves gut immunity in weaning piglets. 
On the other hand, E. coli, an infectious pathogen with negative effects on piglet gut health, is in 
relatively high abundance in the gut of weaning piglets. Escherichia coli cells inhabit most sectors of 
the gastrointestinal tract, resulting in tight junction disruption through the destabilization and 
dissociation of tight junction proteins (occludin and cingulin) from epithelial cells, which affects 
intestinal barrier integrity and increases the translocation of pathogens and toxins penetrating the 
barrier (Chen et al., 2013). 



 

Table 1 Main microbiota composition across the weaning piglet gastrointestinal tract.  
Compartment  Phylum  Family  Genus References 

Stomach  Proteobacteria~20%, 
Bacteriodetes~5%, 
Firmicutes ~75% 

Lactobacillaceae~56%, 
Pasteurellaceae~22%, Others~22% 
 

Lactobacillus~50%, 
Actinobacillus~22%, 
Streptococcus~5%, 
Others~23% 

Kraler et al., 2016; Mu et al., 2017; Li et 
al., 2018; Adhikari et al., 2019; Greese et 
al., 2019;  

Small intestine 
(Ileum, Duodenum 
Jejunum)  
 

Proteobacteria~25%, 
Firmicutes~75% 

Peptostreptococcaceae~16%, 
Lactobacillaceae~37.5%, 
Streptococcaceae~12%, 
Enterococcaceae~10%, 
Others ~24.5% 

Lactobacillus~45%, 
Actinobacillus~13%, 
Streptococcus~7.5%, 
Romboutsia~10% 
Others~24.5% 

Guo et al., 2008; Li et al., 2017; De 
Rodas et al., 2018; Greese et al., 2019; 
Poulsen et al., 2019; Wang et al., 2019  

Large intestine  
(Proximal colon, 
Distal colon, Rectum)  

Firmicutes~66%, 
Proteobacteria~4%, 
Bacteriodetes~22%, 
Actinobacteria~1%, 
Synergistetes~7% 

Ruminococcaceae~25%, 
Prevotellaceae~14.5%, 
Lanchnospiraceae~18%, 
Others~42.5% 

Lactobacillus~9%, 
Ruminococcus~17.5%  
Bacteroides~6%,  
Others~67.5% 

Guo et al., 2008; Jing et al., 2010; Hu et 
al., 2016; Li et al., 2017; Gresse et al., 
2019; Wang et al., 2019; Zhao et al., 
2020 

 
 
 
Table 2 Probiotics used in weaning piglets and their effects on gut microbiota and health parameters.  

Probiotics Dosage  Administration  Effects  Reference 

Lactobacillus plantarum  2 × 107 CFU/g 
2.5×107CFU /ml 
1.25×107CFU/g 

In feed 
Drinking water  
In feed  

- increases microbial diversity. 
- reduces intestinal inflammation. 
- Increases expression of cofactor metabolism and glycan biosynthesis 
related genes. 

Wang et al., 2019 

Enterococcus faecium + 
Bacillus subtilis+ Saccharomyces 
cerevisiae 

1×108CFU/g 
 
2×1010CFU/g 
1×1010CFU/g 

In feed -Increases faecal VFAs concentration  
- Prevents diarrhoea through intestinal morphology and microbiota 
regulation 

Lu et al., 2018 

Enterococcus faecium + 
Bacillus subtilis + Lactobacillus 
paracasei  

1×108CFU/g 
 
2×1010CFU/g 
1×1010CFU/g 
 

In feed  - Alters faecal microbiota composition  
- Prevents diarrhoea  
- Enhances humoral immunity 

Lu et al., 2018; Luise et 
al., 2019 

Bacillus amyloliquefaciens  1.28 × 106CFU/g In feed - Alters colonic microbiota profile Luise et al., 2019 
Bacillus toyonensis 1×109CFU/g In feed   - Shifts microbial composition  

- Eliminates Salmonella and E. Coli 
Kantas et al., 2014 
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The gut microbiota that are altered during weaning also caused changes in metabolites such 
as short-chain fatty acids (SCFAs) through microbial fermentation in the colon and caecum of the 
gastrointestinal tract. Butyrate is one of the SCFAs that inhibit the growth of both gram-positive and 
gram-negative bacteria in the colon. Butyrate is utilized as an energy source for colonic epithelial cell 
proliferation and differentiation, which improves colonic barrier function (Kinoshita et al., 2002). 
Butyrate at high concentrations in the gut also enhances intestinal barrier function and increases the 
mRNA expression of tight junction proteins (occludin, zona occludin 1, and claudin 1) in the duodenal, 
jejunal, and ileal mucosa of weaning piglets (Huang et al., 2015; Zhao et al., 2019). 

 SCFAs also protect the mucosal immune system from inflammation, especially in cells 
harbouring the SCFA receptor, GPR43, which has numerous positive effects on gut health, including 
increasing epithelial integrity, decreasing bacterial translocation, decreasing inflammation, increasing 
epithelial barrier repair, increasing mucus secretion, decreasing neutrophil chemotaxis, and 
decreasing reactive oxygen species. Feng et al. (2018), concluded that SCFAs were able to prevent 
disruption of the intestinal barrier by lipopolysaccharides through the inhibition of autophagy and the 
NLRP3 inflammasome. SCFAs can alleviate the effects of the NLRP3 inflammasome and autophagy 
in the intestinal mucosa. These microbial metabolites prevent intestinal mucosal atrophy and 
decrease apoptosis. The intestinal microbiota plays a pivotal role in the regulation of intestinal barrier 
function, intestinal immunity, and overall piglet gut health. Impaired microbiota barrier function of the 
gastrointestinal tract leads to compromised piglet health. 

 
3. Effects of nutritional supplements on gut health through the gastrointestinal tract 
microbiota in weaning piglets 
3.1 Prebiotics - fermentable carbohydrates 

Short-chain fructooligosaccharide (SCFO) supplementation has been shown to have 
modulatory effects on the microbiota composition in the hindgut of weaning piglets (Huang et al., 
2015). Administration of SCFOs in previous studies improved the health of weaning piglets by 
selectively stimulating and promoting the growth of beneficial microbiota in the gastrointestinal tract of 
weaning piglets (Tsukahara et al., 2003; Xue et al., 2018; Zhao et al., 2019). SCFO supplementation 
had positive effects on microbiota composition in weaning piglets by increasing the relative 
abundance of beneficial bacteria (Lactobacillus, Prevotella, and Bifidobacterium species) in the colon 
(Zhao et al., 2019). This coincides with the effects of fructooligosaccharides (FOSs) (Tsukahara et al., 
2003). Konstantinov et al., 2004, supplemented the diet of weaning piglets with a combination of 
fermentable carbohydrates and reported a prevalence of Lactobacillus reuteri and Lactobacillus 
amylovorous-like populations in the ileum and colon of the piglets. The increased abundance of 
Prevotella in the colon of weaning piglets resulted in an increased luminal SCFA level (acetate, 
butyrate, and propionate) (Xue et al., 2018). The acetate produced through microbial fermentation has 
anti-inflammatory effects that maintain intestinal homeostasis and promote intestinal barrier function 
(Tsukahara et al., 2003; Huang et al., 2015; Zhao et al., 2019). The collective effects of microbiome 
enhancement by different prebiotic supplements confers beneficial health effects such as increased 
intestinal barrier function and intestinal barrier integrity; suppression of mucosal inflammation, 
indicated by low diarrhoea indices; low serum D-lactate, IL-1 beta, IL-6, and tumour necrosis factor 
alpha concentrations; and increased tight junction protein mRNA expression in the ileal and jejunal 
mucosa. Based on these studies, prebiotics modulate the gut microbiota by increasing the abundance 
of beneficial microbial species such as Lactobacillus, Prevotella, and Bifidobacteria, which produce 
metabolites that promote intestinal barrier integrity and function and create an environment that 
substantially enhances weaning piglet gut health. 

 
3.2 Probiotics 

Probiotics are live microorganisms administered in sufficient amounts to confer health 
benefits (Hill et al., 2014). As natural bioregulators, probiotics help maintain the balance of the 
gastrointestinal tract ecosystem and prevent colonization of the gastrointestinal tract with pathogenic 
bacteria. Supplementation with probiotic complexes in weaning piglets increases the abundance of 
lactic acid bacteria, including Lactobacillaceae, Bifidobacteriaceae, total anaerobes and total aerobes, 
while decreasing Clostridiaceae, Peptostrepcoccaceae and Enterobacteriaceae faecal counts 
(Collington et al., 1990; Kantas et al., 2014; Luise et al., 2019). In a study by Luise et al. (2019, 
supplementation with probiotics containing Bacillus subtilis and B. amyloliquefaciens reduced the 
abundance of Enterobacteriaceae, and this effect on microbial diversity decreased the risk of 
pathogen development and promoted gut health in weaning piglets. The Enterobacteriaceae family is 
regarded as a biomarker of gut health since an increase in its prevalence is associated with intestinal 
dysbiosis in weaning piglets (Trevisi et al., 2018). The same results were observed after piglets were 
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orally administered a mixture of probiotic strains Lactobacillus plantarum, L. acidophilus, L. casei, and 
Streptococcus faecium (Collington et al., 1990).The overall health of weaning piglets was improved 
through the reduction of enteric pathogenic microbes and the increase in lactic acid bacteria in the gut 
after supplementation with a probiotic (Kantas et al., 2014). Campylobacter jejuin and 
Enterobactericeae were the least abundant, Bifidobacterium was the most abundant, and Salmonella, 
L. monocytogenes, and E. coli were absent (Kantas et al., 2014). Probiotic supplementation increased 
the relative abundance of Ruminococcaceae in the gut of piglets, resulting in increased gut SCFA 
concentrations, which affected gut health, inhibited Salmonella growth, and exhibited anti-
inflammatory effects.  

Other studies have explored the supplementation of probiotics in combination with prebiotics 
such as fructooligosaccharides, maltodextrins, and polyunsaturated fatty acids (Nemcova et al., 
2007), which requires more research and can be implemented to further improve weaning piglet gut 
health. In conclusion, probiotics as feed components alter the gastrointestinal tract microbial 
composition, increase the relative abundance of beneficial microbes, and decrease the abundance of 
pathogenic microbes in weaning piglets. The microorganisms used as probiotics in weaning piglets 
and their effects on gut microbiota and health parameters are shown in Table 2. 

 
3.3 Organic acids and fatty acids (acidifiers) 

Dietary acidifiers are a major alternative to antibiotics for improving weaning piglet 
performance and inhibiting the proliferation of pathogenic microbes in the gastrointestinal tract (Kim et 
al., 2005; Kil et al., 2011). The addition of organic acids to diets lowers the pH of the stomach and 
gastrointestinal tract, prohibiting invasion and proliferation of pathogenic bacteria (Kil et al., 2011). In 
a study by Han et al. (2018), piglets fed a diet supplemented with a combination of organic acids and 
medium fatty acids replacing chlortetracycline decreased the relative abundance of Proteobacteria, 
increased that of Firmicutes, and markedly increased that of Lactobacillus and Faecalibacterium. The 
relative increase in Firmicutes, Lactobacillus, and Faecalibacterium can be attributed to the reduction 
in E. coli, Salmonella, Bacteroidaceae, and Enterococcus in the duodenum and jejunum of weaning 
piglets (Roth & Kirchgessner, 1998; Han et al., 2018). Roth & Kirchgessner (1998) found the same 
results when they supplemented piglet diets with formic acid, which exhibited antibacterial effects, 
reducing the abundance of Bacillus, E. coli, and Salmonella while increasing Bifidobacterium counts 
in the duodenum and jejunum. An experimental diet fed to piglets reduced the proportion of coliform 
bacteria and increased that of Lactobacillus. Furthermore, Cole et al. (1968) found that there was a 
reduction in haemolytic E. coli counts in the duodenum and jejunum of weaning piglets fed 0.8% lactic 
acid in drinking water. However, in another study, no effect of Lactobacillus and total aerobic bacterial 
count was found after organic acid supplementation (Lang et al., 2018). Supplementation with organic 
acids yields a microbial population dominated by Firmicutes, Bacteroidetes, and Proteobacteria. 
These acidifiers are both bactericidal and bacteriostatic, and undissociated organic acids are lipophilic 
and can penetrate the bacterial cell, reduce internal pH, and disrupt normal physiology. Formic acid, 
for example, dissociates into cations and anions after passing the bacterial cell wall, disrupting 
bacterial protein synthesis. The effects of dietary acidifiers on microbial populations, however, are not 
clear in most studies and require further research involving modern molecular techniques for microbial 
count accuracy. Most researchers found no marked effect, either positive or negative, of acidifiers on 
Lactobacillus counts in the gastrointestinal tract of weaning piglets (Roth & Kirchgessner 1998; Kim et 
al., 2005; Kil et al., 2011; Lang et al., 2018). However, from past research analysis, it is noted that 
there are limited data on the effects of acidifiers on microbial populations in weaning piglets; hence, 
there is a need for more research to verify these effects. 

 
3.4 Dietary fibre 

Dietary fibre in weaning piglet diets may be fermented by gut microbiota to produce health-
promoting SCFAs that modify intestinal barrier function and microbiota composition (Chen et al., 
2013). Feeding dietary fibre in the form of wheat bran fibre or pea fibre in diets increased the relative 
abundance of ileal Lactobacillus and colonic Bifidobacterium, while decreasing that of E. coli in the 
ileum and colon of piglets (Chen et al., 2013). Dietary fibre supplementation increased acetate, 
propionate, butyrate, and total VFA concentrations in the colon. In recent studies, the inclusion of 
wheat bran as a dietary fibre combined with ZnO in diets increased E. coli counts (Molist et al., 2011), 
contrary to the results observed under the inclusion of wheat bran only, which decreased E. coli 
counts (Molist et al., 2010) and improved gut health by modulating the activity and composition of gut 
microbiota. The negative interaction of wheat bran and ZnO raises the consideration of including 
phytase enzymes to reduce the levels of therapeutic ZnO (Molist et al., 2011). Wheat bran in early 
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weaning piglets promoted intestinal fermentation, reduced the incidence of diarrhoea, and reduced 
the attachment of E. coli K88 to the ileal mucosa. It was observed that the addition of ZnO decreased 
the contents of SCFAs, increased coliform bacteria, and decreased some of the counts of microbial 
groups promoted by wheat bran supplementation (Molist et al., 2010). Dietary fibre therefore has 
effects on gastrointestinal tract digestive processes by increasing feed bulkiness and gut retention 
time and promoting beneficial microbial species, enhancing weaning piglet gut health. 

 
4. Inner mechanisms 

Different nutrients in the diets of swine alter the gastrointestinal tract microbial structure. The 
resultant gut microbial populations affect the overall gut health of pigs through various pathways and 
mechanisms. The underlying mechanisms mainly involve the regulation of enzymes, genes, micro-
RNA (miRNA), and certain metabolic pathways. 

Signalling pathways: The interaction and crosstalk between microbes and the host system is 
transmitted through signalling pathways involving different molecules and body organs (Nicholson et 
al., 2012). In these interactions, the primary and secondary metabolites involved include SCFAs, 
antimicrobial compounds, medium- and long-chain fatty acids, neurotransmitters, and bile acid 
metabolites, which are all associated with different microbial species activities in the gut. Microbes 
(Lactobacillus, Bifidobacteria, Enterobacter, Bacteroides) in abundance in the gastrointestinal tract of 
weaning piglets participate in bile acid metabolism through their hydrolase enzymes. The enzymes 
are involved in bile salt deconjugation and dehydroxylation, producing transformed metabolites 
(cholate, hyocholate, deoxycholate, taurocholate, lithocholate, taurohyocholate) that are easily 
absorbed in the gut and act as interaction molecules with the host in crosstalk, activating biological 
functions that maintain intestinal barrier function and integrity in weaning piglets (Ridlon et al., 2006). 
The host gut senses these microbial metabolites via G-protein- or microbiota-associated molecular 
pattern (MAMP) receptor recognition on microbial cell surfaces (Frosali et al., 2015). Microbial cell 
surface antigens activate pathogen-recognition receptors (PRRs) expressed on the mucosa and 
immune cells (Metzler-Zebeli et al., 2018). As a result, transcriptional and intracellular signalling 
cascades are induced, leading to inflammatory responses; recruitment of phagocytic cells; 
mobilization of antigen-presenting cells; and activation of genes that code for proinflammatory 
cytokines, antimicrobial peptides and anti-apoptotic factors in promotion and maintenance of 
gastrointestinal health (Watt et al., 2020). The cascades are regulated by histone modification, 
miRNAs, and DNA methylation and chromatin remodelling at the gene level. 

 
Enzyme and gene regulation: Butyrate and propionate are produced in large amounts due to 

the abundance of anaerobic bacteria in the gut of weaning piglets, and they exert direct anti-
inflammatory and anti-apoptotic effects on the gut mucosa. These SCFAs lower inflammation by 
inhibiting the expression of the enzyme, histone deacetylase, or by downregulating proinflammatory 
mediator activities (IL-6, IL-12, and nitric oxide). The absence of histone deacetylase affects histone 
deacetylation, which regulates nuclear gene expression towards host immunity. Histone deacetylase 
is responsible for cleaving the acetyl groups of lysine amino acid residues in histone subunits, 
allowing DNA to wrap tightly around histones (Watt et al., 2020). As a result, DNA transcription is 
repressed and inflammatory response pathways are inhibited in the gut of weaning piglets. 

Histone deacetylase inhibition occurs simultaneously with gene acetylation. Intestinal 
bacteria-derived SCFAs promote transcriptionally-permissive acetyl modifications at gene promoters 
and enhancers through their histone deacetylase inhibitory activities (Watt et al., 2020). While histone 
deacetylase inhibition represses DNA transcription, gene acetylation triggers the expression of 
specific genes within the DNA. Acetylation at immune gene promoters improves host innate immune 
memory and improves the ability of piglets to resist infection by pathogenic microbes. Furthermore, in 
the presence of gut Firmicutes and Bacteroidetes, the SCFA, butyrate, is absorbed by the colon 
mucosa, leading to increased mRNA levels of E-cadherin and ZO-1 in colonic tissues (Kawai et al., 
2004). Increases in Firmicutes and Bacteroidetes are associated with increases in the mRNA levels of 
the anti-inflammatory cytokines, IL-4, IL-10, and TGF-B1. Low-grade inflammation in the gut is 
triggered by bacteria via the TLR4-NFkB signalling pathway (McKenzie et al., 2017). 

 
miRNA regulation: The gut microbiota can modulate host intestinal miRNAs and regulate 

intestinal epithelial tight junction protein expression. These ultimately function in regulating innate and 
adaptive intestinal immunity (Bi et al., 2020). The intestinal microbiota negatively regulate the 
expression of mR-10a in dendritic cells by interacting with the TLR signalling pathway to promote 
intestinal immunity. In humans, the development of chronic Inflammatory bowel disease is suppressed 
by targeting IL12/IL-23p40 expression. Listeria specifically inhibits miR-192, miR-215, and miR-200b 
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expression, avoiding immunity in the intestine for infection to progress, whereas Lactobacillus casei 
BL23 and Lactobacillus paracasei reverse these effects of Listeria on miRNA levels under infection in 
the gut (Bi et al., 2020). 

 
Metabolic pathway regulation: Microbial metabolites (e.g., n-butyrate) and structural 

components (LPS, CpG, DNA motifs) induce intestinal alkaline phosphatase (IAP) and inducible heat 
shock protein (iHSP) expression in the gut. IAP dephosphorylates microbial components and 
downregulates microbe-induced inflammation through inhibition of the NF-kB proinflammatory 
pathway in enterocytes (Lalles, 2016). IAP also detoxifies proinflammatory free luminal ATP, which 
inhibits inflammation and propels the differentiation of Th17 lymphocytes responsible for the 
production of IL-17 and IL-22 cytokines that promote neutrophil tissue infiltration and stimulate 
antibacterial peptide production, respectively (Lalles, 2016). Pigs have three IAP gene copies that are 
strongly inhibited in piglets post early weaning, contributing to post-weaning disorders and enhanced 
piglet sensitivity to enteric infection. IAPs and iHSPs indirectly control intestinal barrier function 
through the stimulation of tight junction protein gene expression (zona occludens and occludin) and 
their correct localization in cells. Bacteroides, Faecalibacterium, Lactobacillus, and Bifidobacteria 
strains were reported to induce iHSP production in epithelial cells (Rakoff-Nahoum et al., 2004). LPS 
also directly activates TLR4/TLR2/TLR9 gene expression to increase gut immunity gene expression 
(Lalles, 2016; Sun et al., 2017; Gardiner et al., 2020). 

Increased abundance of anaerobic bacteria in the gastrointestinal tract of weaning piglets 
leads to high levels of SCFAs produced by microbial fermentation. SCFAs activate the expression of 
GPRs (GPR43, GPR41, GPR109A), which trigger mucosal pathways that moderate inflammatory 
responses and influence epithelial integrity and immunoglobulin-A and macrophage antibody 
responses (Frosali et al., 2015; McKenzie et al., 2017). Regulatory T cell and dendritic cell activities 
are also influenced by GPRs (Sun et al., 2017). 

 
5. Conclusions and Outlook 

Weaning alters the composition of the most common microbiota in the gastrointestinal tract 
of piglets, leading to a minimal number of dominant species in the gastrointestinal tract microbiota. 
Microbiota diversity and composition influences gastrointestinal function and health by affecting gut 
epithelial integrity, barrier function, immunity, and metabolic activities in weaning piglets. The weaning 
transition induces stress in weaning piglets, which is reflected by shifts in the gastrointestinal tract 
microbiota composition, resulting in ill health or no adverse effects, depending on the nutritional 
interventions employed. Dietary acidifiers and probiotics affect the immune system of piglets, reducing 
the risk of pathogen development and modifying gene expression to maintain gut health in weaning 
piglets by altering the gut microbial profile, inhibiting the proliferation of pathogenic microbes, and 
increasing that of beneficial microbes. Prebiotics improve gut health in weaning piglets by maintaining 
intestinal barrier integrity, suppressing mucosal inflammation, and increasing tight junction protein 
mRNA expression through modulatory effects on microbiota composition in the hindgut of weaning 
piglets. Dietary fibre promotes gut health by modifying intestinal barrier function through its influence 
on microbial composition. All these dietary effects on microbiota and gut health occur through a series 
of inner mechanisms, including the regulation of enzymes, genes, miRNA, and metabolic pathways in 
weaning piglets. However, studies have been centred mostly on butyrate, which is not quite 
representative of all SCFAs; therefore, more research on SCFAs in general is necessary, and at 
present, it is not clear how different sources of dietary fibre alter gut microbiota in weaning piglets. 
More research on these effects is necessary to pave the way for dietary fibre as a nutritional 
supplement in piglets during the weaning transition. Future studies can also address the interaction 
between different nutritional regimens and environmental factors in regulating gut health in piglets 
during the weaning transition. 
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