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Abstract 

Despite the fact that dietary fiber is predominant in common feedstuff, its 

level in the diets of monogastrics has seen a proportional increment with the 

inclusion of co-products. The source and composition of DF could be liable 

for enormous varieties in their use. A study carried out by scientists proposed 

that three major components constitute gut health: the diet, the mucosa, and 

the commensal microbiota. 70% of total body immune cells constitute the ga-

strointestinal tract of pigs, therefore it is important that it is included when 

defining intestinal health. Gut health is of substantial importance in the 

maintenance of growth performance and overall health of monogastrics. The 

fermentation of DF results in SCFA which enhances mucosal epithelial proli-

feration and villus height. Nonetheless, supplementing dietary fiber to the di-

et in moderation may result in an increase in gut size, volume, length and 

morphological structure of pigs and other non-ruminants. Gut health main-

tenance exhibits a certain level of complexity and a subtle balance between 

mucosa, diet, the commensal microflora, including the digestive epithelium 

and along with mucous overlaying it. The microbial changes of dietary fiber 

to monosaccharides in the gut include various principal occasions (reactions) 

intervened by the enzymatic collection of particularized groups from the gut 

microbiota. Because fermentation is dependent upon source, structure and 

physio-chemical properties of dietary fiber, it is therefore of great importance 

to have as much data as possible on various types of dietary fiber and how in-

testinal health can be enhanced by them. Thus, there is growing evidence that 

dietary fiber may have prebiotic effects in pigs. In addition, dietary fiber in 

diets improves pigs well-being by increasing satiety, influencing behaviour 

and improving overall health. This review aims to shed more light on the di-

etary fiber levels and composition on the intestinal health of finishing pigs. 
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1. Introduction 

Despite the fact that dietary fiber (DF) is predominant in common feedstuff, its 

level in the diets of monogastrics has seen a proportional increment with the in-

clusion of co-products. Various studies have shown that dietary fiber can pro-

vide animals with nutritional value, directly by acting as a source of energy [1] 

and indirectly by enhancing immune function and gut health [2] [3]. Through-

out history, dietary fiber has been thought of as an antinutritional factor as a re-

sult of its negative effects on the utilization of nutrients [4] [5]. However, the 

paradigm has since shifted and dietary fiber received extraordinary attention due 

to its functional value on the enhancement of monogastric gut health [6]. The 

enhancement and maintenance is crucial to improve promote growth perfor-

mance, feed efficiency and maintain the overall health of monogastric animals. 

For over 6 decades, Antibiotic growth promoters (AGP) have been incorporated 

in feeding regimes as a means to promote gut health and in turn, enhance 

growth performance of production animals. As a result of potential health ha-

zards coupled with the use of AGP, these substances have been prohibited or 

under strict regulation in some countries. As an attempt to subdue the undesira-

ble impacts of AGP, various alternatives have been proposed and tested; with di-

etary being at the forefront as one of the effective alternatives of AGP [6].  

Dietary fibers are diverse compounds occurring in nature and all plant-based 

feed-stuffs contain them [7] [8]. There has been an increasing interest in sup-

plementing dietary in diets fed to monogastric animals as a result of potential 

beneficial effects on the welfare, environment and most importantly for this 

study: gut health [9]. The endogenous enzymes in the proximal small intestines 

cannot digest dietary fiber but the microbes residing in the distal small intestine 

and large intestine utilize them as fermentative substrates. Through this micro-

bial fermentation, metabolites such as small-chain fatty acids (SCFA) are pro-

duced, which ultimately enhances the growth of beneficial gut bacteria, offering 

support to intestinal integrity and proper immune function.  

Studies with pigs and poultry have shown that fermentation characteristics 

and their beneficial effects on gut health vary widely based on type, form, and 

the physico-chemical properties of the DF [9] as well as the matrix in which it 

lies [10]. Therefore, it is important to have information on the different types of 

DF and their specific roles in optimizing gut health of monogastric animals.  

2. Literature Review 

2.1. Dietary Fiber 

The definition of dietary fiber can be explained in various ways [1]; the most 
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common one is on the basis of chemical composition and physiological func-

tions. From a chemical composition point of view, dietary fiber is the total of 

non-starch polysaccharides (NSP) and lignin. Nutritionists simply define it as 

carbohydrates that are resistant to digestion by endogenous enzymes. There are 

several common feed components that are fiber-rich such as wheat, oats, barley 

and other co-products like wheat millrun and canola meal. Broadly speaking, di-

etary fiber is comprised of cell wall constituents of hemicellulose, cellulose and 

other structural and non-structural compounds resistant starch (RS), chitin, in-

sulin, pectin oligosaccharides and β-glucan. Resident microbes in the distal small 

intestines and large intestines are responsible for the rapid fermentation of the 

sources of soluble fiber and this subsequently decreases digesta passage rate, ele-

vates digesta viscosity and can reduce feed intake as a result of elevated satiety.  

Undigested insoluble fiber makes its way through the intestines, resulting in 

increased fecal bulking and passage rate; nevertheless, there’s a limitation to 

monogastrics’ capacity to carry out the fermentation of insoluble fiber due to the 

lack of specific species of microbes [11] [12]. Hence, it is crucial to have an ex-

tensive understanding of DF components along with its nutritional and physio-

logical effects in animals before its incorporation into the diets of monogastrics 

is considered. For studies detailing the composition of dietary fiber, its sources 

and how it is utilized in various portions of the gastro-intestinal tract (GIT), it is 

recommended that readers refer to a paper published by [9], which provides 

updated extensive information on these topics. 

2.2. Dietary Fiber Sources and Their Use in Pig Diets 

The source and composition of DF could be liable for enormous varieties in 

their use [13]. The physico-compound properties of the DF sources may prompt 

changes in the gut climate, causing a change in the development of the gut mi-

croflora. The acceptability of the alternate ingredients of feed in the diet of pigs 

relies upon a few elements, similar to the DF content, the level of microbial fer-

mentation in the large intestines and the degree of assimilation and use of the 

volatile fatty acid (VFA) produced [14]. The fermentation of fiber sources occurs 

in the GIT and this process produces VFAs, which has a subsequent positive in-

fluence on gut wellbeing [15]. [16] made a note that pig diets that contain ade-

quate and suitable sources of primarily soluble NSP instead of insoluble NSP 

grant gut health the most benefit. Soluble DF is comprised of hemicelluloses, 

pectins, βG, and gum, whereas the insoluble fraction is composed of cellulose 

and lignin [17]. Consequently, it is basic to know the source and kind of fiber 

being provided in the diets of pigs. 

There is expanding interest and motivation for the recognition and characte-

rization of substitute feed ingredients. These alternatives encompass legume 

grains and cereals, distillery coproducts, coproducts from the oil industry (like 

canola meal) and wheat flour milling (millrun and bran), and other fibrous 

feeds. 
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Cereal grains along with their coproducts are responsible for the crucial part 

of pig rations as principal energy sources. The DF contained in cereal grains are 

chiefly comprised of NSP (βG, AX, cellulose and arabinoxylans) and noncarbo-

hydrate component lignin [18]. Furthermore, limited quantities of pectin sub-

stances are found in the stems and leaves of cereals [19]. A few laborers refe-

renced that the level of DF in the ordinarily accessible feed ingredients change 

with regards to type and quality. Sorghum, rye, wheat and corn are for the most 

part wealthy in AX, though oats and barley contain a significant level of βG. The 

AX from rye and wheat and βG from oats and barley are to an enormous degree 

soluble, while AX contained in sorghum and corn exhibit low solubility as op-

posed to other cereals [20]. 

2.3. Intestinal Health 

The largest group of organs in the body is known as the GIT. The GIT serves 

different types of functions other than being a site for nutrient digestion and 

absorption, it also provides protection against pathogens and toxins. Further-

more, an ample population of microbiota and immune cells are found in it. 

Therefore, a healthy intestinal tract is crucial for overall sound health and en-

hanced animal productivity. Nonetheless, the definition of “intestinal health” or 

“gut health” is not yet clearly discussed, despite it being the centre of attention 

for the past few decades. A study carried out by [21] proposed three major 

components constitute gut health: the diet, the mucosa, and the commensal mi-

crobiota. Subsequently, [22]’s work detailed that it includes a diet that would 

render adequate nutrients, a microbial community that maintains a stable, 

healthy environment and mucosa for the maintenance of the gut integrity. 70% 

of total body immune cells constitute the gastrointestinal tract of pigs, therefore 

it is important that it is included when defining “intestinal health”. Therefore, it 

is recommended that the intestinal health be looked at as a complex that in-

cludes microbiota, diet and the immune system (Figure 1). The constituents of 

pigs’ GIT are the microbiome (archaea, fungi, protists viruses and bacteria), 

non-hemopoietic cells (goblet cells, epithelia and paneth cells) and hemopoietic 

cells (T-cells, macrophages and dendritic cells) all of which gut health depends  

 

 

Figure 1. Components of gut health in a holistic approach. 
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upon. The innate and adaptive immune systems are in constant communication 

with the microbiota for homeostasis maintenance. It is very crucial that the im-

mune system remains in balance because any disruption in this balance can 

cause dysbiosis and subsequently elevated susceptibility to various diseases [23]. 

The intestinal mucosa comprises the epithelium, the gut-associated lymphoid 

tissue (GALT), and the mucus overlying the epithelium. A delicate and dynamic 

equilibrium, which is crucial to a streamlined functioning and absorption capac-

ity of the digestive system, is formed as a result of the interaction between the 

GALT, the intestinal mucus, host epithelial cells and microbiome. The transloca-

tion of microbial population, which would cause systemic immune activation, is 

prevented by the chemical (antibacterial proteins, acidity, proteolytic enzymes 

and lysozymes) and physical (mucus, epithelial cells and intercellular tight junc-

tion) barriers. Additionally, the aforementioned barriers play an essential role in 

the gut barrier function maintenance. The function of the epithelial cells goes 

beyond just serving as a physical barrier, they also secrete chemokines and cyto-

kines that are responsible for the regulation of chemotaxis of immune cells. Pa-

neth cells are located at the base of the crypts of many vertebrate species, in-

cluding poultry. Bacterial-induced (not during infection caused by protozoa or 

fungi) inflammation is counteracted by defensin rich granules that are released 

as a consequence of the inflammation [24]. The maintenance and restoration f 

the intestinal mucosal integrity is made possible by three mucosal barrier factors: 

transforming, trefoil factor and diamine oxidase Three tight junction proteins 

namely zona occludens-1, claudin and occludin, are responsible for the main-

tenance of the para-cellular barrier [25]. As previously established, various fac-

tors go into maintaining the gut barrier. Goblet cells located in the GIT also play a 

crucial in this maintenance. They do so by producing mucin which serve functions 

from lubrication to cell signaling to forming chemical barriers. Bacteria are im-

portant in the production of mucin. Several bacteria such as Lactobacillus enhance 

mucin production [26], which aid in the improvement of the gut barrier as patho-

gens are obstructed by the dense layer of mucous. Nonetheless, an absolute ab-

sence of pathogenic microbiota does not characterize an ideal gut health, instead 

an intestinal microbiome with substantial microbial and functional diversity. 

2.4. The Relationship between Dietary Fiber and Intestinal  

Mucosa/Histomorphology 

Gut health is of substantial importance in the maintenance of growth perfor-

mance and overall health of monogastrics and it is impacted by the interaction 

of several factors in the intestines (Figure 2). The fundamental function of intes-

tinal mucosal tissue is absorption and digestion of nutrients. The host hydrolzes 

and breaks down the ingredients of feed into tinier compounds; amino acids, 

peptides from proteins, fatty acids, monoglycerol from lipids and starch all con-

tain glucose which is obtained by the mucosa. The fermentation of DF results in 

SCFA which enhances mucosal epithelial proliferation and villus height [27]. 

The exchange of nutrients to the body is modulated by mucosal epithelial layer 
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[28]. In addition to intestinal secretions and brush border membrane producing 

glycoproteins, mucosal epithelium has a significant influence on the adhesiveness 

capacity the metabolic activity of microbes in the intestines. Therefore, toxic 

compounds and pathogenic bacteria are barred by the intestinal mucosa. The in-

testinal mucosal barrier is constructed by both the adaptive and innate immune 

systems. Including DF in diets frequently results in an increase in endogenous 

losses. Subsequently, a decrease in energy and nutrients digestion can be observed 

in monogastric animals. As a result, DF has since been perceived as “anti-nutritive” 

for monogastric animals. Furthermore, these negative effects are more common in 

piglets than in growing and finishing pigs [29]. Nonetheless, supplementing dietary 

fiber to the diet in moderation may result in an increase in gut size, volume, length 

and morphological structure of pigs and other non-ruminants. There is an increase 

in the viscosity of the intestinal content when piglets diets are supplemented with 

soluble fiber and a subsequent increase in the rate of villus cell losses leading to vil-

lus atrophy [30]. The ratio of villus height to crypt depth is a helpful point of refer-

ence for the estimation of the presumptive small intestine digestive capacity. In-

cluding 10% high fiber source in the diets of growing pigs for a period of 14 days 

has resulted in an increase in villi width and crypts depth in the ileum and jejunum. 

Furthermore, elevated rates of cell proliferation and crypt depth were observed in 

the large intestines, as opposed to the same diet devoid of straw [31]. Nonetheless, 

crypt depth and villus height remain unchanged in the gut; its mutability is depen-

dent upon the location of the small intestines. Consequently, an evaluative appre-

hension of the mechanisms of nutrient absorption, and where specific nutrient uti-

lization is located for the development of enhanced feeding regime to attain excep-

tional production performance is highly required. 

 

 

Figure 2. Interactions between dietary fiber, gut environment, gut microbiota and host 

response with implications on gut health. 
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2.5. Effects of Dietary Fiber on Gut Health 

2.5.1. Microenvironment of the Gut 

Gut health maintenance exhibits a certain level of complexity and a subtle bal-

ance between mucosa, diet, the commensal microflora, including the digestive 

epithelium and along with mucous overlaying it [32]. Gut health is greatly in-

fluenced by the diet and the input could either be desirable or harmful [33]. The 

diet should be formulated in a manner that promotes a balance between the gut, 

the gut environment and the microbiota and prevent disturbances in the gut. 

There’s an interaction between the dietary fiber and both the microbiota and 

mucosa, and this interaction has a consequence importance in controlling the 

health of the gut [34]. The diverse microbial population in GI comprises nu-

merous classes of microbes, including archaea, bacteria, ciliate, protozoa and 

flagellate, fungus, bacteriophages. Bacteria are the most common and studied 

bacteria in the world. They are supplied with dietary substrates as well as 

host-derived components such as mucopolysaccharides, mucins, epithelial cells 

and enzymes [35]. With the advent of molecular techniques to classify the mi-

crobiota, it has become clear that only a minority of GI microbes have been iso-

lated by culture-based methods [36] and, as a result, information that we’re in 

possession of needs revision in future. 

2.5.2. Prebiotic Effects 

Initially the prebiotics definition was described as the “non-digestible food in-

gredient that affects the host selectively by encouraging one or more bacteria to 

develop and/or function in the colone, thereby enhancing host health” [37]. 

However, the drawback of this concept is that almost any food, oligosaccharides 

and polysaccharides can be claimed to have prebiotic activity (including dietary 

fiber). It was subsequently suggested that a compound should be labeled as a 

prebiotic and that the scientific proof be drawn that it is immune to processes of 

host digestion, absorption and adsorption processes, is fermented by a GI system 

microbiota, and selectively triggers one or a small number of bacteria to grow 

and/or function inside the GI system [38]. Dietary fiber (DF) is an element that 

has a significant impact in this context. Dietary fiber products are not digested 

by the digestive enzymes and are thus the key substrates in the distal part of the 

gut for bacterial fermentation. The fermentation products are primarily lactates, 

acetates, propionates and butyrates (OA) in short chain fatty acids. The OA was 

proposed to improve digestive tract growth by stimulating the proliferation of 

the epithelial cells [39]. OA can inhibit enteric bacterial pathogens like Salmo-

nella, groups of E. coli and clostridium from growing in an acidic environment 

[40]. The different types of plant carbohydrates have been shown to have differ-

ent behaviours in the GIT depending on their structural characteristics in studies 

carried out in pigs. The inclusion of soluble NSP will improve Commensal gut 

microorganic growth in the diet, leading to higher productivity of OA and a 

lowness of pH in the broad gut [41]. Insoluble NSP decreases the transit period 

and offers a steadily microbiota-degradable substrate in the distal large intestine 
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[42] and modulate villus morphology by increasing its length [43]. The prolife-

ration of enterotoxic E. coli is enhanced by the inclusion of guar gum, a soluble 

and viscous NSP, in a diet [44], while feeding insoluble NSP lessens the event of 

haemolytic E. coli, and diminishes the severity of post weaning colibacillosis 

[45]. Nonetheless, it was indicated that soluble NSP essentially is not adverse to 

piglet well-being [46]. Rather it was expressed that soluble NSP that does not in-

crease the viscosity of digesta may advantageously influence gut well-being by 

expanding the lactobacilli:coliform proportion and reduce the event of weaning 

diarrhoea. The effect of DF source on gut microbiota composition and gut mi-

cro-environment was clearly shown in a recent report on chicory. Including 

chicory (Cichorium intybus L.) scrounge and root in a grain-based diet (wheat 

and barley) brings about changes in gut morphology and micro-environment of 

pigs [47], whereas growth development was not affected and digestibility was 

just insignificantly diminished by chicory inclusion [48] [49]. Within the type of 

diet, these progressions followed a comparable pattern in both the small and 

large intestines. Nonetheless, the dietary reactions were distinctive with incor-

poration of chicory root contrasted with chicory scrounge. This could be identi-

fied with the chemical composition of the dietary fiber portion [50], where the 

root is characterized by high content of inulin-type fructan and oligofructose, 

while the scrounge is described by high content of pectin. 

2.6. Microbial Fermentation Products: Small Chain Fatty Acids 

Dietary fibers, but peptides and proteins are included, which bypass host enzyme 

digestion in the upper gut, undergo metabolism carried out by the microbiota 

located in the colon and caecum [51]. Microbial fermentation produces major 

products known as the SCFAs—particularly butyrate, acetate and propionate 

[52]. Nonetheless, there are cases where fermentable fibers are in a limited 

supply and in such cases energetically less desirable sources for growth such as 

dietary fats or amino acids from dietary endogenous or dietary proteins [53] [54] 

become the microbes last resort, and this results in a decline in microbiota fer-

mentation activity and SCFAs as minor end products [55]. The SCFA pool rece-

ives a contribution from proteins when they are fermented but protein fermenta-

tion predominantly produces branched-chain fatty acids such as 2-methylbutyrate, 

isovalerate and isobutyrate, solely developing from branched-chain amino acids 

isoleucine, leucine and valine [56], which are implicated in insulin resistance 

[57]. A further supplementation of a protein- or fat-rich diet with adequate die-

tary fiber rejuvenates advantageous microbes, reduces poisonous metabolites 

produced by microbes and elevates SCFAs [58]. 

2.7. Biosynthesis of Small Chain Fatty Acids, Absorption and  

Distribution 

The microbial changes of dietary fiber to monosaccharides in the gut include 

various principal occasions (reactions) intervened by the enzymatic collection of 

particularized groups from the gut microbiota. Significant finished results from 
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these fermentation processes are the SCFAs. One of the major SCFAs, acetic acid 

derivation (acetate), can be created from pyruvate by numerous gut bacteria ei-

ther through acetyl-CoA or by means of the Wood-Ljungdahl pathway in which 

acetate is produced through two branches: 1) the C1-body branch (otherwise 

called Eastern branch) through reducing CO2 to formate and 2) the carbon mo-

noxide branch (the Western branch) through reducing CO2 to CO, which is ad-

ditionally joined with a methyl group to create acetyl-CoA [59]. Another major 

SCFA, propionate, is synthesized when succinate is converted to methylma-

lonyl-CoA by means of the succinate pathway. Propionate can likewise be pro-

duced from acrylate where lactate serves as a precursor through the acrylate 

pathway [60] and through the propanediol pathway, in which deoxyhexose su-

gars, (for example, fucose and rhamnose) are substrates [61]. Butyrate is the 

third major SCFA, which is synthesized when two molecules of acetyl-CoA con-

dense together and subsequently reduced to butyryl-CoA, which can be changed 

over to butyrate through the supposed traditional pathway, by phosphotransbu-

tyrylase and butyrate kinase [62]. Butyryl-CoA can likewise be changed to buty-

rate by the butyryl-CoA:acetate CoA-transferase course [63].  

Acetate and lactate can be utilized by certain microbes in the gut for the syn-

thesis of butyrate which is preclude lactate from accumulating and ensures that 

the instestinal environment is stable. Metagenome data analyzed brought forth a 

suggestion that the synthesis of butyrate from proteins is also possible through 

the lysine pathway, further implying gut microbes are capable of adapting to nu-

tritional switches in order to ensure maintenance in the production of essential 

metabolites such as SCFAs. There are variations in the concentrations of SCFAs 

along the length of the gut, with caecum and proximal colon housing the highest 

levels and the distal colon housing the lowest levels [64]. The low concentration 

of SFCAs can be explained by elevated absorption through the Na+-coupled 

monocarboxylate transporter SLC5A8 and H+-coupled low affinity monocar-

boxylate transporter SLC16A1. The most preferred source of energy for colono-

cytes is butyrate and is consumed locally, while other absorbed SCFAs drain into 

the portal vein. Metabolism of proprionate takes place in the liver and therefore 

is only present in the periphery at low concentrations, deeming acetate the most 

abundant SCFA in peripheral circulation [65]. Moreover, the blood-brain barrier 

can be crossed by acetate and appetite can subsequently be reduced via a central 

homeostatic mechanism [66]. Regardless of the low concentrations in the peri-

phery, propionate and butyrate have an indirect effect on the peripheral organs 

by activating nervous and hormonal systems. 

2.8. Immune Modulation by Metabolites 

In spite of the fact that microbial and host fermentation occurs alongside each 

other, the host is dependent upon its microbiota for an expanded assemblage of 

metabolix and digestive enzymes [67]. A vast array of metabolite repertoire is 

produced by the gut microbiota through anaerobic fermentation of external die-

tary components that have not undergone digestion and make their way to the 
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colon. Furthermore, metabolites are also produced from endogenous com-

pounds from the host and microorganism. Microbial metabolic products are al-

lowed entry into and interaction with host cell by the single layer of epithelial 

cells that constitute the mucosal interface between microorganisms and the host. 

This interaction has an influence on disease risk and immune responses. As pre-

viously mentioned, complex carbohydrates that have not undergone digestion by 

the host are a tremendous source of substrates for bacterial fermentation in the 

colon, and their principal end products are SCFAs. The concentration of SCFAs 

in the gut (which may range anywhere between 20 - 140 nM) [68] is dependent 

upon the composition of microbiota. 

3. Conclusion 

Dietary fiber effects on pig nutrition and health are determined by its properties, 

which can vary greatly between sources of fiber. Furthermore, different methods 

can be used to increase the use of dietary fiber. Due to interactions between the 

gut-associated immune system and gut micro-environment, there is growing 

evidence that dietary fiber may have prebiotic effects in pigs. This property can 

be manipulated and used to promote gut health and as a result, reduce the use of 

antimicrobial growth promoters. In addition, dietary fiber in diets improves pigs 

well-being by increasing satiety, influencing behaviour and improving overall 

health. 
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