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Abstract

Dietary fiber (DF) was considered an antinutritional factor due to its adverse effects on feed intake and nutrient
digestibility. However, with increasing evidence, scientists have found that DF has enormous impacts on the
gastrointestinal tract (GIT) development, digestive physiology, including nutrient digestion, fermentation, and
absorption processes of poultry. It may help maintain the small and large intestine’s integrity by strengthening
mucosal structure and functions and increasing the population and diversity of commensal bacteria in the GIT.
Increasing DF content benefits digestive physiology by stimulating GIT development and enzyme production. And
the inclusion of fiber at a moderate level in diets also alters poultry growth performance. It improves gut health by
modulating beneficial microbiota in the large intestine and enhancing immune functions. However, determining
the source, type, form, and level of DF inclusion is of utmost importance to achieve the above-noted benefits. This
paper critically reviews the available information on dietary fibers used in poultry and their effects on nutrient
utilization, GIT development, gut health, and poultry performance. Understanding these functions will help develop
nutrition programs using proper DF at an appropriate inclusion level that will ultimately lead to enhanced DF
utilization, overall health, and improved poultry growth performance. Thus, this review will help researchers and
industry identify the sources, type, form, and amount of DF to be used in poultry nutrition for healthy, cost-
effective, and eco-friendly poultry production.
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Dietary fiber and their use in poultry nutrition
The term dietary fiber (DF) was first put forward by
Hipsley [1] as a shorthand term for non-digestible con-
stituents that make up the plant cell wall. However, the
definition of DF has been continuously debated, without
any universal agreement so far. The most accepted def-
inition of DF is “all polysaccharides and lignin, which are
not digested by the endogenous secretion of the human

digestive tract,” and currently, most animal nutritionists
are using either a physiological or a chemical definition
[2, 3]. For the physiological definition, DF is “the dietary
components resistant to degradation by mammalian en-
zymes”, while the chemical definition describes it as “the
sum of non-starch polysaccharides (NSP) and lignin.”
The major components of dietary fiber as part of the
total carbohydrate are presented in Fig. 1.
It is common to characterize DF based on its solubility

in water. The soluble fiber such as β-glucans from barley
and oats, arabinoxylans from wheat and rye, pectins
from fruits and sugar beet pulp (SBP) increases intestinal
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viscosity and decreases the rate of feed passage, which in
turn reduce the feed intake (FI) and the rate of nutrient
absorption and may have an influence on growth per-
formance of poultry [4]. In contrast, insoluble fiber,
which is rich in oat hulls and sunflower hulls (SFH),
might have different effects on the GIT than soluble
fiber [5, 6]. A moderate level of insoluble fiber in poultry
diets may increase chyme retention time in the upper
part of the GIT, stimulating gizzard development and
endogenous enzyme production, improving the digest-
ibility of starch, lipids, and other dietary components [7].
It has been agreed so far that soluble fiber is more rap-
idly fermented as compared with insoluble fiber [8].
However, this view is changing now as there is no stan-
dardized method for separating soluble and insoluble
fiber. The soluble and insoluble fiber fractions may vary
depending on temperature, water or buffer as the solv-
ent, and fiber to solvent ratio, leading to significant limi-
tations in the classification of fiber [9]. For details on
dietary fibers’ basics, including definition, classification,
characterization of methods, and physiological functions,
readers are referred to Jha and Berrocoso [3].
Traditionally, DF has been considered as an antinutri-

tional factor and a diluent in poultry diets. Several re-
ports show a strong negative correlation between the
fiber content of the diet and the digestibility of protein
and fats. Those reports also indicate that increased fi-
brous components of the diet reduce growth perform-
ance and impair nutrient retention in turkeys and
broiler chickens. These DF cannot be hydrolyzed by the
digestive enzymes in the small intestine but can be fer-
mented to a certain degree by the microflora in the GIT
[6, 9]. The end-products of microbial fermentation are

various gases (H2, CO2, CH4), lactic acid, and short-
chain fatty acids (SCFA). Soluble NSP can be digested
significantly in the cecum. In contrast, the insoluble NSP
fraction remains almost entirely undigested, but when
they are fermented to SCFA, the energy can be utilized
by the host animals to a certain extent [10]. The addition
of soluble NSP to a broiler chicken diet drastically in-
creased SCFA production in the ileum, which was easily
reversed when the NSP was depolymerized with an en-
zyme, and SCFA levels in the ileum were negatively cor-
related with apparent metabolizable energy and starch
digestion. This is detrimental to the performance and
well-being of poultry. However, it has been demon-
strated that the inclusion of moderated amounts of dif-
ferent fiber sources in the diet has beneficial effects. The
use of diets high in fiber, especially insoluble fiber, may
reduce the incidence of cannibalism. Therefore, it may
be used as an alternative to beak trimming in some
production systems [11]. It can also improve poultry di-
gestive organ development, especially gizzard activity,
increase bile acids and enzyme secretion, and change in-
testinal microflora. These changes result in improved
nutrient utilization, growth performance, and eventually,
satiety and animal welfare [7]. In addition, fibers in
poultry diets may positively affect gut health by prevent-
ing the adhesion of specific pathogen bacterial popula-
tions to the epithelial mucosa [12].
As mentioned above, fibers are found to have health

benefits and can be used as an alternative to antibiotic
growth promoters (AGP). Antibiotics were widely used
in poultry feed to prevent, control, and treat diseases
and infections. However, the indiscriminate use of anti-
biotics in the feed may result in residues in meat,

Fig. 1 The major components of dietary fiber as part of the total carbohydrate
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selection of resistant bacterial species, and forming
colonization of antibiotic-resistant bacteria also easily
transferred to formally susceptible bacteria, which affects
both animal and human health negatively. With the ban
or strict regulation on the use of antibiotics in feeds as
growth promoters in many jurisdictions globally, there
has been an increased incidence of enteric disorders in
poultry [13]. Therefore, researchers are working to iden-
tify alternatives to AGP, feeding highly digestible ingre-
dients, enzyme supplementation, and using different
feed processing techniques to improve the growth per-
formance of birds in the post-antibiotic era. Feeding
moderate amounts of fibers in diets has been considered
as one of the alternatives proposed to improve nutrient
digestibility and growth performance due to their role in
the development of the GIT and to modify the charac-
teristics of the intestinal contents. In addition to feed ad-
ditives such as probiotics, prebiotics and plant extracts,
feed ingredients or their components such as the inclu-
sion of whole cereals, feeding coarse mash diets, and in-
creasing the level of fiber in diets have been explored as
nutritional strategies to reduce the incidence of GIT-
related problems [7].
Poultry production has been growing rapidly during

the past half-century throughout the world. Obtaining
the most significant benefit from the least production
cost is an essential issue to consider in the poultry in-
dustry currently. Corn, wheat, and soybean meal (SBM)
are the primary components of poultry diets, which sup-
ply a significant portion of energy and protein. In
addition to corn, wheat, and SBM, cereal grains and
cereal coproducts rich in fiber can also be considered a
substitution in monogastric animal diets [3]. The con-
ventional sources of coproduct rich in fibers are wheat
bran, SBP, SFH, sunflower meal (SFM), fuzzy cotton-
seeds, oat hulls, soybean hulls (SBH), pea hulls [7, 14–
17]. Broiler chickens fed with 23 g SBP per kg diet had
higher feed intake and body weights and better feed effi-
ciency than control birds [15]. The use of cottonseed
meal in the poultry diet is limited due to the presence of
gossypol, cyclopropenoid fatty acids, poor protein qual-
ity, and high fiber. However, processing like solid sub-
strate fermentation and extraction with organic solvents
reduce free gossypol content and improve the nutritional
value of cottonseed meal. Many workers reported the
superiority of the combination of cottonseed meal with
other protein supplements on body weight gain (BWG)
and alleviated the depression in laying performance of
poultry [16]. The dietary inclusion of coarse insoluble
fiber sources like oat hulls in moderate amounts (be-
tween 2% and 3%) usually improves the growth perform-
ance of broilers fed low-fiber diets [7]. From the
outcomes of three studies, Vierira et al. [14] concluded
that substituting SBM with SFM as a primary protein

source in laying hens has no adverse effect on egg
weight, shell quality, mortality, egg production, and body
weight. However, feeding the alfalfa to laying hens dur-
ing molting may reduce the negative influence on egg
production [18]. In recent years, plant extracts are being
paid considerable attention as feed additives by virtue of
their advantage of being natural and environment
friendly. Plant extracts contain polysaccharides that
possess immune-modulating effects and regulate the
balance of the neuroendocrine-immune network. For
e.g., adding alfalfa polysaccharides in the broiler diet
enhanced immune function by improving the relative
thymus, spleen, and bursa weight [19].
Different types of fiber differ in structure, solubility,

water holding capacity, viscosity, bulking capacity, and
other physiochemical properties. On the other hand,
chemical composition and fermentation capability, as
well as the grade of lignification of the source of fiber,
may affect the diversity and population of the resident
microbiota in the GIT [3]. Under practical conditions,
factors like types of housing (cage vs. floor pens), com-
position and physical structure of the basal diet (i.e., type
of cereal), type and level of inclusion of fiber and feed
form (mash vs. pellet or crumbles) influence the
utilization of fiber in poultry diet. Consequently, FI, GIT
development, gut physiology and microbiota, growth
performance, and immune system may vary depending
on these factors [4, 7].

Role of dietary fiber in GIT development
Despite being a monogastric animal, the GIT of poultry
is different from pigs and humans. The GIT of poultry is
notably different from other species as it is much shorter
and lighter. However, it is relatively much longer (i.e.,
cm/kg body weight) and heavier (i.e., g/kg body weight)
in poultry compared to other livestock. The GIT sys-
tem’s function includes digestion, absorption, and pro-
tection, and the structure of the gut is well adapted to
perform these functions. As the site of digestion, GIT
maximizes nutrient utilization to reduce substrate for
bacteria and support epithelial cell growth and differen-
tiation. GIT also supports gut tissue integrity, prevent
adhesion of pathogenic bacteria, balance microbial popu-
lations with low numbers of potentially pathogenic
strains, support appropriate immune response, and con-
trol inflammation. The effective functioning of the GIT
and its health are important factors in determining ani-
mal performance in growth, meat, and egg quality. Also,
the development of the GIT is an essential aspect of
growth, especially the development of functional digest-
ive organs during the early post-hatching period of
chicks [20].
Dietary fiber affects the length and weight of the GIT.

There is also strong evidence that the differences in the
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weight of organs are highly related to differences in the
type of fiber [10]. Diets with increasing levels of pea fiber
decreased the dry matter (DM) in droppings and in-
creased excreta output relative to DM intake. The di-
gestibility of all nutrients also decreased with increasing
fiber levels. Adaptation to increased inclusion of DF
levels increases the size of the GIT, with pea fiber exert-
ing a more substantial impact than wheat bran or oat
bran. The length of the intestine, particularly the length
and weight of the cecum, increased with the fiber level.
These changes will impact energy metabolism as visceral
organs have a high rate of energy expenditure relative to
their size. Later, a study by Hetland et al. [21] indicated
that performance does not decrease when an insoluble
fiber is included in moderate levels to broilers or layers
despite reduced nutrient concentration in the diet. The
modern, highly selected birds also show their ability to
compensate for reduced nutrient concentrations due to
the insoluble fiber by increasing feed consumption. The
increased bulk of ingesta due to insoluble fiber seems to
be handled by a larger capacity of the digestive system
and a faster passage through the GIT. In poultry, reduc-
tion in particle size increases digestive efficiency as a
consequence of a greater interaction of the resulting lar-
ger surface of grains with the digestive enzymes in the
GIT. However, the large particle size can promote GIT
development, especially the gizzard function. When the
gizzard is well-developed, an improvement in gut motil-
ity is also observed, which may reduce the risk of gut
pathogens colonizing the lower segments of the GIT,
thus reducing the risk of gut diseases, including salmon-
ellosis and coccidiosis [22]. Diet rich in high fiber con-
tent may produce greater dilatation of proventriculus
with the increase in size and its contents. The coarse
fiber particles are selectively retained in the gizzard that
ensures a complete grinding and a well-regulated feed
flow and secretion of digestive juices [4]. Jiménez-Mor-
eno and Mateos [4] proved that the inclusion of 3% SBP
or oat hulls increased gizzard weight in broilers fed
similar types of diets. The inclusion of oat hulls or SBP
increased to 5% in 36 days old broilers increased the giz-
zard weight and its contents, and reduced gizzard pH.
An accumulation of oat hull particles stimulates the giz-
zard’s grinding activity, allowing for the better develop-
ment of the muscular layers and causing an increase in
organ size. Compared with oat hulls, the effects of fiber in-
clusion on the enlargement of GIT were more evident
with SBP, which may relate to the higher pectin content
of SBP. Soluble fiber particles such as those from SBP, re-
tain water and swell in the digestive tract, causing digesta
bulk and physical distension of the walls and increase in
size. Kimiaeitalab et al. [23] reported that all the organs of
the GIT were heavier and the small intestine and cecum
were longer in broilers than in pullets when feeding with

same high fiber containing SFH meal compared to SBM,
consistent with the greater GIT capacity and average daily
FI of broilers. An increase in the weight of GIT is import-
ant to pancreatic enzymes secretion to achieve better
growth in birds during the early stage of life.
Insoluble fibers comprise a large proportion of the

endosperm cell walls, which physically limit access of
digestive enzymes to the nutrients within the cell. In
contrast, the soluble fibers tend to result in viscous con-
ditions in the digestive tract, which can adversely affect
digestion and nutrient absorption. After escaping the
small intestine, both soluble and insoluble DF are fer-
mented by the microflora in the large intestine, accom-
panied by an increase in SCFA, resulting in a decrease in
intestinal pH [3, 22]. Considering the prebiotic effect of
DF, the stimulation of beneficial bacteria such as Lacto-
bacillus can optimize gastrointestinal health as the lacto-
bacilli’s attachment to the intestinal mucosa can prevent
the pathogen growth in the distal part of the GIT and
protect animals from GIT infection [3]. The reduction of
the pH of gizzard content by the inclusion of fiber prob-
ably results from higher hydrochloric acid (HCl) secre-
tion from the proventriculus, resulting from the longer
retention time of the digesta in the gizzard. However,
the inclusion of fiber did not affect the pH of the duode-
num. More research needs to examine the effect of in-
creasing the fiber content of the diet on intestinal
digesta in birds [4].
Dietary fiber may influence epithelial morphology,

which depends on the characteristics of the DF, the level
of inclusion, the age of the bird, and the site in the intes-
tinal tract. An excess of DF added to the diet (7.5% of
pea hulls or SBP) increased the abrasion of the mucosal
surface of the small intestine, shortened the villus, and
increased mucus output [24]. This resulted in reduced
absorptive villus surface and hindered nutrient retention.
Moreover, the highest villus height to crypt depth ratio
was observed with 2.5% pea hulls inclusion in the diet.
Similar conclusions were made by Kimiaeitalab et al.
[23] that villus height and crypt depth were higher in
broilers than in pullets at 21 d of age when fed with the
same SFH meal, which was consistent with the greater
GIT capacity and average daily FI of broilers. Tüzün
et al. [25] reported that increasing dietary crude fiber
content in Nick Chick pullet from 30 to 40–45 g SFM/
kg level increased VH, villus weight, the VH/CD ratio
and surface area. Similar results were also reported by
Koçer et al. [26] with the inclusion of 47 g SFM/kg diet,
but decreased with increased level of SFM (97 g SFM/
kg) in Nick Chick white laying hens. A high villus height
to crypt depth ratio is considered as an indicator of bet-
ter maturity and function of the intestinal mucosa. Thus,
it is essential to determine the optimal concentration
and source of DF to support better GIT development.
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Effects of dietary fiber on nutrient utilization
Utilization of nutrients may vary on the components of
DF present in the supplied feed as well as the function
of the gut. For e.g., DF present in wheat, corn, and rye
are rich in the NSP arabinoxylan, while oats and barley
have much higher levels of highly soluble β-glucan and
SBM has a relatively high β-mannan content [27]. The
composition of the NSP portion of a feedstuff will deter-
mine how it behaves once ingested. The fiber’s solubility
and water holding capacity determine its viscosity, and
fermentability impacts lower gut utilization and health.
High viscosity will decrease the rate of endogenous en-
zyme diffusion into the digesta, which will reduce nutri-
ent digestion. Additionally, highly viscous digesta will
have less interaction with the brush border membrane
enzymes, which also decreases digestibility and nutrient
utilization [28, 29].
In the study of Sadeghi et al. [30], chickens fed with

SBP (30 g/kg) and SBP/rice hull (15 g/kg each) supple-
mented diets showed lower daily weight gain at the age
of d 14–28. This might be because of the increased vis-
cosity of digesta due to the soluble DF pectin found in
the SBP and results in lower enzyme diffusion into the
digesta and decreased interaction of the digesta with the
intestinal tract surface. Additionally, the researchers also
found that SBP feed chickens had shorter villi height in
the duodenum and ileum, indicating reduced nutrient
absorptive capacity. These effects can be offset by sup-
plementing exogenous enzymes, which increase the di-
gestibility of high DF feedstuffs. The primary two
ingredients of poultry diets on a global scale are corn
and SBM. SBM contains moderately high levels of β-
mannan/β-galactomannan compared to the total NSP
content of the feedstuff. Monogastric animals cannot
cleave the β-1,4 bonds present in this DF, leading to
lower nutrient digestibility. There are higher levels of β-
mannan found in non-dehulled SBM, as β-mannan re-
sides in hulls [27, 31]. Numerous studies have shown the
efficacy of supplemented β-mannanase enzymes to offset
known deleterious effects of β-mannan on weight gain,
feed conversion, and overall animal performance [27, 32,
33]. Singh et al. [33] looked at NSP utilization in both
low and high fiber diets while supplemented with prote-
ase, amylase, xylanase, and three species of Bacillus as
probiotics. They found that the treatments increased nu-
trient utilization regardless of DF level. Another study
by Li et al. [34] showed that the low-fiber diets underuti-
lized energy and crude protein compared with higher
fiber diets. Later, they also reported that low fiber diets
impacted the cecal microbiota of birds by decreasing
microbiota diversity and relative abundance [35].
Enhanced organ development and functionality can re-

sult in increased nutrient digestibility within the GIT.
DF has been seen to have a positive effect on gizzard

development [36]. The well-developed gizzard is linked
with improvements of the digestive organs’ mucosal sur-
face within the GIT [37], leading to improved nutrient
digestibility and absorption. Abdollahi et al. [38] also re-
ported that the feeding diets supplemented finely ground
oat hulls (30 g/kg) or wood shavings (30 g/kg) increased
gizzard weight over feeding whole wheat at the same in-
clusion rate and improved the nutrient digestibility. This
was influenced by the type of NSP present in the dietary
treatments as opposed to overall particle size. While this
improvement is seen with diets containing structural
components such as fiber, the type of DF sources deter-
mines the rate of effectiveness. Insoluble fibers have a
more extensive effect on gizzard functionality when com-
pared with more soluble fibers. This improves the gizzard
function [39] and stimulates HCl production in the pro-
ventriculus via mechanoreceptors [40]. This will lead to a
low pH in the upper part of the GIT, which will favor pep-
sin activity and facilitate the mineral salts’ solubility and
absorption [41]. Therefore, the inclusion of insoluble fi-
bers might benefit the nutrient digestibility in poultry [42].
This was reported by González-Alvarado et al. [5], where
oat hulls were compared with SBP. The oat hull diet con-
taining more insoluble fiber enhanced gizzard functional-
ity when compared with the diet containing SBP. Similar
results were found earlier in the study of González-Alvar-
ado et al. [43] and Jiménez-Moreno et al. [44] when corn
and rice were supplemented with oat hulls and soy hulls
with or without heat processing of the diets. The heat pro-
cessing changes the texture and compounds of starches
and increases the digestibility [45]. They found that the
rice feeding improved the total tract apparent retention of
nutrients and feed conversion of the birds during the
starter phase. The fiber in the diet was found to increase
the gizzard weight and activity, which is evident in better
diet digestion and nutrient utilization. Ling et al. [46]
found that the DF levels affected the development of the
upper GIT of the goslings when grit was supplemented to
improve the gizzard activity and also improved digestion
and nutrient absorption.
Poultry fed various amounts of DF have been shown

to improve the utilization of most nutrients found in the
feed provided [47, 48]. Amerah et al. [48] looked at how
the starch digestibility was affected when using a wheat-
SBM diet that included 6% wood shavings. The ileal
digestibility of starch increased from 98.5% to 99.4% due
to the increased DF content. High fiber SFM has both
positive and negative effects on the digestibility of nutri-
ents. A corn-based pelleted diet containing 30% high
fiber SFM increased apparent ileal digestibility of crude
protein and fat but decreased dry matter and energy di-
gestibility [47]. While starch may be effective in increas-
ing protein and fat digestion, the SFM impact negatively
on nutrient utilization.
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Prebiotic fibers can be used not only to improve
growth performance but also to increase nutrient
utilization. Houshmand et al. [49] investigated the ability
of prebiotics to compensate for calcium (Ca) deficiency
in poultry diets. He fed birds with a low Ca control diet
and a prebiotic supplemented diet and found that the
prebiotic supplemented group had no deficiency effects
of low Ca in diets. Tako et al. [50] found that the
prebiotic extracts from wheat grains were able to in-
crease the beneficial microorganisms in poultry gut and
iron absorption in both in vitro and in vivo conditions.
The increase of Bifidobacteria and Lactobacilli with the
presence of prebiotics might have an influence on iron
bioavailability for the long term. Therefore, prebiotics
might help in avoiding micronutrient malnutrition.
These studies reveal the advantages of prebiotic fibers
as dietary supplements to improve poultry growth
performance and nutrient utilization. Also, mannano-
ligosaccharides extracted from Saccharomyces spp. of
yeast outer cell wall was found to maintain gut health
and increase the villi lengths [51]. Their results
showed an increase in villi uniformity and integrity,
which all contribute to increased nutrient absorption.
Many positive effects of the use of prebiotic fibers on
the intestinal mucosa have been reported, among
which a significant increase in villus height was ob-
served in three segments of the small intestine of
birds [52]. Loddi [53] reported longer villi in the duo-
denum of birds fed with soluble fibers at the age of d
7 and 21. Similarly, Pelicano et al. [54] observed lon-
ger villi lengths when birds were fed with soluble fi-
bers having mannanoligosaccharides. Aside from the
two types of fiber (soluble and insoluble), Singh et al.
[33] conducted a study on the different levels of fi-
bers (low and high) in combination with enzymes
(xylanase, amylase, and protease) and probiotics and
found that supplementing additives help in increased
nutrient digestibility even in high fiber diet. However,
the supplementation of fibers in poultry diets does
not always benefit growth performance and nutrient
utilization. In the experiments conducted by Sadeghi
et al. [30], villi lengths were found to be reduced in
the SBP and rice hulls supplemented groups of birds
which cause a reduction of nutrient absorption in the
jejunum, thereby increased excretion of useful absorb-
able nutrients. Another study by Sadeghi et al. [55]
reported that supplementation of basal diet addition
with rice hull (40 g/kg) and SBH (40 g/kg) could
ameliorate adverse effects of coccidiosis on duodenal
villus height but addition of only SBH in basal diet
has positive response only on villus height to crypt
depth ratio. Similarly, inclusion of wheat bran at a
dose of 30 g/kg increased the villus height and villus
height to crypt depth ratio [56].

Effects of dietary fiber on performance
High fiber diets usually mean relatively low energy dens-
ity that may decrease FI, feed conversion ratio (FCR),
and BWG of poultry. Pettersson and Razdan [15] ob-
served that FI in 18 d-old chicks was reduced when the
level of SBP of the diet was increased from 2.3% to 9.2%.
Similarly, Jiménez-Moreno et al. [24] reported that an
increase in the level of the fiber sources from 2.5% to
7.5% linearly reduced average daily weight gain from 1
to 12 d. However, the inclusion of a fiber source in the
diet tended to reduce FI of the broiler for the first 12 d
of age, but the effect disappeared thereafter. These stud-
ies’ discrepancies might be due to the soluble fiber con-
tent in SBP, especially high pectin content and its high
water holding capacity and swelling capacity. These
physicochemical characteristics result in an increase in
digesta viscosity and a longer retention time of the digest
in the GIT, eventually affecting voluntary FI. Consider-
ing the physiology of insoluble fiber, the inclusion of
moderate amounts of insoluble DF should not affect vol-
untary FI. González-Alvarado et al. [43] studied the ef-
fects of the inclusion of 3% oat hulls or soy hull into a
corn-based control diet that contained 2.5% crude fiber
or a rice-based control diet that had 1.5% crude fiber.
The inclusion of hulls reduced FI and improved FCR but
did not affect BWG initially (from d 1 to 4). From 14 to
21 d of age, chicks fed hulls had higher BWG and FI and
better FCR than chicks fed the control diets. Conse-
quently, the inclusion of hulls improved BWG and FCR
without affecting the FI. Probably, the level and type of
DF, as well as the age of the bird, modifies the response
of poultry concerning FI and FCR. Mateos et al. [7] sug-
gested that young birds’ response to additional insoluble
DF depends on the ingredient composition of the con-
trol diet, with effects being more pronounced when it is
low in fiber. For example, González-Alvarado et al. [5]
reported that the dietary inclusion of 3% SBP, a source
of soluble DF, reduced FI from 25 to 42 d of age as com-
pared with a diet containing 3% oat hulls. However, no
adverse effects of SBP inclusion were observed during
the first 10 d of life. In the study of Kimiaeitalab et al.
[23], the increased inclusion of sunflower hull diet did
not affect FI in both pullets and broilers from 0 to 21 d
of age, which shows consistency with data of Walu-
gembe et al. [57]. Walugembe et al. [57] also observed
the non-significant decrease in feed efficiency in broiler
chicks fed higher fiber diets and a non-significant in-
crease in feed efficiency in layer chicks fed higher fiber
diets. In contrast, Saadatmand et al. [58] observed a de-
crease in feed intake and weight gain significantly when
fed with 30 g/kg SBP and rice hull. Overall, the mortality
of poultry was not related to the dietary treatments con-
taining different levels of fiber [23, 57]. Vierira et al. [14]
reported that substituting SBM with SFM has no adverse
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effect on egg weight, shell quality, and egg production.
Similarly, Hartini et al. [11] found that diet with different
types of fibers (insoluble fiber and soluble fiber) did not
affect egg production. Also, Roberts et al. [59] reported
that high fiber feed ingredients of laying hen’s diet did
not affect egg production or N balance negatively but
decreased NH3 emission from manure, a positive indica-
tor for the environment. However, one treatment group
containing corn as the fiber source showed a signifi-
cantly different egg yolk color. It may be due to a high
content of xanthophylls in corn. It provides light to
examine the effects of the different fiber sources on egg
production and yolk color.

Effects of dietary fiber on gut microbiota
It is understood that the development of the gut micro-
biota starts at the time of hatch; bacteria can be obtained
from the environment, the mother, the feed, and the
farm workers that touch the chicks at post-hatch. More-
over, these bacteria are colonized quickly within 24 h
while the ileum and cecum get dominated after one-day
post-hatch [60]. The number of bacteria in the small
and large intestine will increase ten folds after three
days. The adult small intestinal and cecal microbiota of
chicken are entirely developed within one month. But,
time for the establishment of stable gut microbiota can
be reduced by optimizing the breeding conditions and
feed quality [61]. Thus, studies have looked at modulat-
ing the gut microbiota by nutrition programming in
poultry, both the pre-hatch and post-hatch period of life
[20]. Zhang et al. [62] fed different doses of chitooligo-
saccharide (COS) and chlorella polysaccharide in ovo
and found that COS supplementation (5 mg/egg) in-
creased the beneficial bacteria population compared to
the control group.
Gut microbiota consumes around 20% of the dietary

energy, and it can be considered a highly metabolic
organ. It mainly includes bacteria, fungi, protozoa, and
viruses. However, there is still a large number of bacteria
in the gut that are unknown and unclassified. Increasing
evidence prove that around 700 species of microbiota
colonize, including beneficial bacteria; Lactobacillus,
Bifidobacterium, Enterococcus species and detrimental
bacteria; Clostridium species [63, 64] in the GIT of
poultry, and their abundance and diversity vary among
the different region of GIT. Obviously, low tolerable
conditions and fast digesta passage regions usually have
less microbiota. Gut microbiota promotes enzyme secre-
tion, contributes to the process of digestion and absorp-
tion. It also regulates energy metabolism, prevents
mucosa infections, and modulates the immune system
[65]. Therefore, maintain the host homeostasis and aids
in the production of SCFA [66]. Moreover, some bypro-
ducts of microbiota metabolites can stimulate the

neuroendocrine cell, which plays an important role in
the development of poultry [22].
Fiber levels in diets may modify the growth and com-

position of the microbiota. Many soluble fibers function
as prebiotics when in feedstuffs, directly promoting the
growth of beneficial gut bacteria and production of SCFA
[30, 60, 67, 68]. Similarly, insoluble fibers also act as a gen-
eral nutrient diluent, which can be both helpful and harm-
ful, potentially impacting the colonization of beneficial gut
microbes [69]. Examination of bacterial cultures from the
ceca of turkeys fed either a high or low fiber diet indicated
that direct counts of microbes were significantly higher in
high-fiber fed than low-fiber fed turkeys [70]. Turkey fed
the high-fiber diet had a significantly higher number of
Peptostreptococcus and facultative microorganisms in the
cecum, while the number of Escherichia coli was signifi-
cantly higher in low-fiber fed turkeys. Similarly, Xu et al.
[71] observed that the number of Bifidobacterium and
Lactobacillus significantly increased, while the number of
Escherichia coli significantly decreased in GIT when
broilers were fed with fructooligosaccharide as compared
to control. A similar result was also reported by Chen
et al. [72] when fed with an oligosaccharide.
Moreover, supplementation of fructooligosaccharide in

chicken diets improved amylase and protease activities
in the small intestine, proving that colonization of bene-
ficial gut microbiota stimulates the intestinal digestive
enzyme activities [71]. Similarly, the study of Abazari
et al. [73] also showed that adding rice husk as a ligno-
cellulose source could promote the growth of beneficial
Lactobacillus bacteria and reduce the population of
pathogenic bacteria such as some Escherichia coli in the
ileum and cecum of broilers at 42 d of age while fed with
7.5 g/kg and 15 g/kg of feed with a particle size of 1-2
mm and below 1mm. The combination of mannan-
oligosaccharide and β-glucans, in the form of whole
yeast, has also been shown to increase Lactobacillus bac-
teria in the gut [74].
Jørgensen et al. [10] observed the extent of DF degrad-

ation by microbial fermentation closely relates to the H2

and SCFA (mainly lactic acid and acetic acid) excretion.
They found higher microbial fermentation with increas-
ing NSP level, while insoluble fiber was poorly fermen-
ted. This all information suggests a poor relationship
between insoluble fiber content and the composition
and quantity of gut microbiota. However, an excessive
soluble fiber may cause some adverse effects in the gut.
As one of the essential substrates for bacterial fermenta-
tion, DF modulates the balance between gut microbiota
and gut mucosa, including mucus layer, digestive epithe-
lium, and gut-associated lymphoid tissues. As mentioned
above, the physical form of DF affects the morphological
and physiological characteristics of the intestinal tract,
which may also affect the gut microbiota [75].
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Wu et al. [76] showed that high dietary soluble fiber
(7% of soy hull) inclusion in the broiler diets significantly
increased acetic, propionic, isobutyric and butyric acid,
lactic, and succinic acid in cecal contents and depressed
formic acid production compared with low dietary fiber
when challenged with Clostridium perfringens. The study
of Walugembe et al. [77] reported that the increase of
DF decreases butyric acid without bringing any change
in other SCFA concentrations, while propionic acid and
acetic acids were not varied with the feeding of high or
low DF. The analysis of the cecal microbiome using
cladograms from WGS depicted that there was an in-
crease in the relative abundance of the orders Selenomo-
nadales, Enterobacteriales, and Campylobacterales in the
cecal sample from the broilers fed with a high fiber diet
than the cecal samples collected from the broilers fed
the low fiber diet. The increase in SCFA reduced the
abundance of Faecalibacterium genus. The low fiber diet
decreased the abundance of Bacteriodes genus in both
broiler and laying hens. But an increase in abundance of
Escherichia coli and the Campylobacter genus occurred
in the birds fed high fiber diets. Soluble fiber (barley β-
glucans or wheat arabinoxylans) in diet shows a negative
effect on the growth. It has also proved to favor the ex-
pansion of potential pathogens, Escherichia coli, Clos-
tridium perfringens, and sometimes the villi can be
atrophied because of the impact of the soluble fiber in
the intestine for a long time [78].
One of the main components that affect the presence

of the gut microbiota is the chemical composition of the
digestive system itself. Beneficial microbes desire a low
pH environment, and fluctuations or nutrient deficien-
cies can lead to colonization by detrimental microbes,
and DF has been seen to have an impact on the chemical
composition of the gut [79]. Lactobacillus species are
particularly beneficial in maintaining the pH of the di-
gestive tract, as they produce lactic and acetic acids,
which help to lower the overall pH [67]. Low to moder-
ate amounts of resistant starches have been shown to
positively impact the production of HCl, bile acids,
and various enzyme secretions by the digestive tract,
which helps in the growth and maintenance of the
gut microbiota [7]. The acetic acid, in particular, is a
common and useful SCFA that is produced by Lacto-
bacillus species, which are found in multiple regions
of the digestive tract acts effectively in the reduction
of populations of members of the Campylobacter gen-
era, which are known to cause gastroenteritis, leading
to diarrhea and dehydration [67, 80].
As with many of the previously described benefits of

fiber in poultry diets, the quantity present in the feed-
stuffs has a measurable effect, with high amounts of
fiber, resulting in potentially harmful effects. While low
levels have provided increases in bacteria efficient in

degrading polysaccharides into SCFAs, such as Helico-
bacter pullorum or Megamonas hypermegale, high levels
have resulted in detrimental populations of pathogenic
Selenomonadales and Enterobacteriales establishing
colonies and proliferating in poultry digestive systems,
particularly within the ceca [77]. High fiber diets have
also seen increases in Escherichia coli and Campylobac-
ter jejuni, which can cause gut inflammation and deteri-
orate the overall health of the host [77, 81].

Effects of dietary fiber on the immune system
Poultry has both innate and acquired immune systems,
and both are highly efficient in defenses. Unfortunately,
neonatal poultry exhibits a transient susceptibility to in-
fectious diseases during the first week of life. Because of
this deficiency in the functional ontogeny of the avian
innate and acquired immune defenses, and with the con-
tinued threat of exotic and emerging diseases and con-
cern over the use of AGP in poultry production, there is
a severe and urgent need to find safe and practical alter-
natives to prevent or control pathogens. Thus, more
studies are needed to develop an alternative and appro-
priate nutritional program, considering the interaction
between dietary bioactive food components and the im-
mune response to reduce susceptibility to infectious
disease [82]. Appropriate nutrition programs may help
minimize the incidence of diseases and enhance immun-
ity by increasing relative immune organ weight,
improving relative immune gene expression, and pro-
moting the generation of antibodies in the blood [83].
Theoretically, such measures would be easier and more
economical to introduce to the poultry industry because
of the genetically homogenous populations of domestic
fowl in the commercial environment. It is also feasible
to have several feeds available, each with its own
immune-modulating nutrient to direct the immune re-
sponse in a specific direction [84]. DF can be used as a
cost-effective nutrient to modulate the poultry immune
system. With its high fiber content, Alfalfa has been
shown to have a very long transit time in the GIT of
chickens. This increase in transit time favors bacterial
degradation of DF into fermentable substrates such as
fructo-oligosaccharides that can later be utilized by mi-
crobes to produce SCFA. Increasing the fiber content in
a diet benefits the digestive system by normalizing
colonic function and increasing fecal weights and evacu-
ation frequency. These actions help to maintain the
small and large intestine functions by increasing mucosal
structure and function and increasing the populations of
commensal bacteria in the GIT. Adding polysavone, a
natural extract from alfalfa, to male commercial broiler
birds diet improved the relative thymus and spleen
weights at 6 weeks of age and the bursa weights at 4 and
5 weeks of age. The proliferation of T and B
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lymphocytes with polysavone treatment was significantly
greater than the control group when birds were 4 and 6
weeks of age. The inclusion of polysavone in the
diet also resulted in a significant increase in serum anti-
Newcastle disease virus hemagglutination inhibition
antibody titer. This experiment showed that adding
polysavone may enhance immunity without any adverse
effect on the performance of broiler chickens [19]. Gob-
let cells in the GIT produce mucin, which can help to
improve the gut barrier as pathogenic microbes cannot
penetrate through the dense mucous layer. Arabinoxylan
from wheat bran has been found to increase the number
of goblet cells, which secretes not only mucin but also
protein barrier factors, hence protecting intestinal epi-
thelial cells. Similarly, algae-derived polysaccharides sup-
plementation enhanced antioxidant capacity and
intestinal barrier functions in broiler chickens [85]. Diet-
ary pectin inclusion upregulated the IL-12 expression in
the ileal mucosa to increase interferon-γ production in
cecal tonsils and decreased the invasion of sporozoides
in ileal enterocytes during infection with Eimeria max-
ima. Also, it provided some benefits in the face of an ac-
tive parasitic infection when the diet was supplemented
with pectin [82]. Pectin may decrease the ability of the
pathogen to colonize within the GIT through physical
exclusion that increases the digesta viscosity to protect
the intestinal mucus layer from parasitic infection.
Cox et al. [86] studied the effects of β-glucans from

yeast on the immune system of healthy, unchallenged
chicks from hatch to d 14. Body weight gain, immune
organ weight, and white blood cell ratios were unchanged
between treatments, but the cytokine to chemokine ratio,
particularly between interleukin (IL)-8, interferon-γ, IL-
13, and IL-4, were altered in birds receiving the β-glucan
supplemented diet. The balance in ratio concludes that β-
glucans affect some component of the immune system
without negatively impacting chick performance during
good health. But when challenged with Eimeria species
with yeast-derived β-glucan, it also alters the cytokines
profile of chickens. Helper T cell activity, part of the cell-
mediated adaptive immunity, was increased, and com-
pounds related to the inflammatory response, part of the
innate immune system, were upregulated [87]. While Tian
et al. [88] supplemented yeast-derived β-glucans in
Eimeria and Clostridium perfringens challenged chicks
where he found improved gut morphology and integrity,
decreased Clostridium perfringens populations, and in-
creased antibodies against the infecting bacteria and para-
sites. The effects seen with β-glucans are structural
dependent. Ott et al. [89] concluded that the highly
branched form of β-glucan is generally regarded as the
form with the most potent immunostimulatory effects
supplemented Eimeria challenged broiler chicks with lin-
ear, low branching β-glucans derived from algae.

β-Glucans also appear to play a role in intestinal bar-
rier integrity during Salmonella Typhimurium infec-
tions. Chicks challenged with Salmonella Typhimurium
and fed a diet supplemented with 1,3/1,6-β-D-glucans
had increase Immunoglobulin A secretions into the je-
junum in addition to better intestinal barrier integrity
when compared to the challenged chicks without β-
glucan supplementation [90]. β-Glucan supplementation
may also be beneficial to increase the immune response
after vaccination. Horst et al. [91] looked at the effects
of β-1,3-glucan on Newcastle disease virus (NDV), avian
infectious bronchitis virus (IBV), and infectious bursal
disease (IBD) vaccine response over the course of 42 d.
Antibody titers for NDV and IBV were significantly
higher in β-glucan supplemented birds, but no difference
was seen in IBD titers. Berrocoso et al. [92] fed the de-
veloping embryo with raffinose and found that in ovo
supplementation increased not only the villus height and
villus height:crypt depth ratio but also the expression
levels of CD3 and chB6 genes, which are T cell and B
cell marker genes, respectively.
When fermented by intestinal microflora, some soluble

DF results in SCFAs i.e., acetate, propionate, and butyr-
ate; butyrate has the immune-modulatory response in
poultry [93]. Butyric acid is produced in the gastrointes-
tinal tract by anaerobic bacterial fermentation, which
has beneficial health effects in poultry [94]. To under-
stand the immunomodulating effects of butyrate on the
avian macrophage, Zhou et al. [94] conducted a study in
which they treated a naturally transformed line of
chicken macrophage cells named HTC with Na-butyrate
in the absence or presence of Salmonella typhimurium
lipopolysaccharide (LPS) or phorbol-12-myristate-13-
acetate (PMA), a metabolic activator, and evaluated its
various functional parameters. The results demonstrate
that butyrate inhibited nitric oxide production, and re-
duced the expression of cytokines such as IL-6, IL-10 in
LPS-stimulated cells, and enhance intestinal epithelial
cell barrier function, the first line of defense against in-
vading pathogens [93] and also helps in maintaining the
physical barrier by stimulating goblet cell differentiation
and mucus production. They help in maintaining gut
health by promoting the function of colonic regulatory
T cells by inhibiting the effector T-cells [95]. This action
contributes to preventing excessive inflammation and
thus shows the immunomodulatory property in the pres-
ence of agents that incite the cells; therefore, it has the
potential to control inflammation and restore immune
homeostasis.
Yeast cell wall, a mixture of β-glucans and mannan

oligosaccharide, is another compound that is being in-
vestigated for immunostimulatory effects as an alterna-
tive to in-feed antibiotics [96]. In an experiment by Gao
et al. [97], when broiler chicks vaccinated with an NDV

Jha and Mishra Journal of Animal Science and Biotechnology           (2021) 12:51 Page 9 of 16



vaccine and fed a corn-soybean based diet supplemented
with 2.5 g/kg yeast cell wall showed higher antibody ti-
ters, serum lysozyme activity, better gut morphology,
higher IgM concentrations, and IgA concentrations se-
creted into the small intestine than the control chicks.
Alizadeh et al. [98] compared gene expression of
immune factors (Toll-like receptors 2b, 4, and 21;
macrophage mannose receptor; IL-12, IL-10, IL-4, IL-6,
IL-18; and interferon-γ) between lipopolysaccharide
(LPS) challenged chicks. Chicks fed a yeast cell wall sup-
plemented diet had increased IgA levels compared to
the antibiotic supplemented diet; IgG and IgM were un-
affected by all dietary treatments, but the yeast cell wall
diets had upregulated cytokine, Toll-like receptor 21,
and macrophage mannose receptor expression. This dif-
fered slightly from Gao et al. [97] as IgM concentrations
did not increase, but this could be due to the pathogens
challenge while Munyaka et al. [99] saw a downregula-
tion of IL12p35, Toll-like receptor 4, and IL-10 in the
intestines of yeast cell wall supplemented unchallenged
chicks compared to the control.
Li et al. [100] saw a decrease of Clostridium perfrin-

gens serum endotoxin when chicks were fed yeast cell
wall supplemented feed, and there was an upregulation
in cytokine mRNA expression. This is similar to the re-
sults found when isolated β-glucans were supplemented
[88]. Ahiwe et al. [96] also saw positive results with yeast
cell wall when fed to chicks challenged with subclinical
necrotic enteritis from Clostridium perfringens and
Eimeria coinfection. A yeast cell wall supplemented diet
was fed from hatch to d 35 and challenged with Eimeria
at d 9.
Yeast cell wall can also be beneficial against viral chal-

lenges. Awadin et al. [101] supplemented Fetomune Plus,
a yeast plus vitamin supplement, with vitamin E in avian
influence (H9N2) challenged chicks, and treated chicks
had upregulated immune gene expression, higher body
weights, and lower mortality rates than the control group.
Like broiler and layer, yeast cell wall supplement fed

has effects in turkey. Huff et al. [102] fed turkeys either
a commercial diet or the commercial diet supplemented
with a yeast extract (Alphamune™ G; minimum 24% β-
glucans and 5–10% mannan-oligosaccharide). Birds were
challenged at 16 weeks of age with an unspecified bac-
terial challenge, and at 18 weeks of age were either
stressed or not stressed (by either transportation or im-
munosuppression). Oxidative burst activity, an import-
ant event that occurs during phagocytosis of pathogens,
was stimulated by the yeast extract in the unstressed
birds. Still, in the stressed birds, there was no significant
difference from the control birds. It is also reported that
the heterophil to lymphocyte ratio, a measure of stress,
was increased in all birds fed yeast extract, which led
them to hypothesize that the increased immune activity

seen may be because the yeast extract was a stressor it-
self. Again, Huff et al. [103] fed turkey either a yeast cul-
ture supplement continuously or intermittently from
hatch to16 weeks. The birds were challenged with trans-
portation stress and Escherichia coli at 6 and 12 weeks
to stimulate the industry practice of moving between 3
houses throughout the grow-out period. The intermit-
tently supplemented diet, given for 1 week after the
stress event, improved the feed conversion ratio signifi-
cantly in those birds and had lower Salmonella popula-
tions in the ceca; the continuously fed birds had lower
Salmonella and Campylobacter populations in the ceca.
The authors suggested that intermittently supplementing
yeast may be better to decrease the effects of transport
stress in growing turkeys.
Arabinoxylan, a water-soluble NSP found in high con-

centrations in wheat, has antinutritive effects, such as
being a pro-inflammatory agent and increasing digesta
viscosity, but research has shown derivatives of these
compounds with appropriate source and amount may
have beneficial effects [104, 105]. Yacoubi et al. [106]
isolated arabinoxylans from wheat and added them to a
broiler chick diet with a multienzyme, which created
short-chain arabinoxylan polysaccharides. Birds fed this
diet had increased production of cecal SCFA. In particu-
lar, butyrate presence increased significantly, which has
been shown to have anti-inflammatory effects and in-
hibit pathogenic bacterial colonization in the intestine.
Similarly, arabinoxylooligosaccharides promote bifido-
bacterial growth in the cecum of chickens and aids in
maintaining gut health [107], which is beneficial during
Salmonella Enteritidis challenge. Infected birds fed a diet
supplemented with either 0.4% or 0.2% arabinoxylooligo-
saccharides from wheat bran show decreased Salmonella
populations in the ceca and spleen [108]. Akhtar et al.
[109] fed birds barley-derived arabinoxylans (200 mg/kg
body weight or 300 mg/kg body weight) on d 7, 8, and 9
and then measured lymphocyte concentrations. Birds fed
arabinoxylans enhanced macrophage activity, which the
authors speculated was due to increased T-cell mitogens.
Chitosan oligosaccharides (COS) are extracted from chi-
tin, and supplementation of COS could increase the
weight of the immune organs (bursa of Fabricius and thy-
mus), increase IgG, IgA, and IgM and elevate antibody ti-
ters against Newcastle disease vaccines [110]. The study of
Park et al. [111] reported that galacto-oligosaccharides
(GOS) supplementation resulted in an increased number
of Alistipes genus, Lactobacillus intestinalis, and Faecali-
bacterium prausnitzii in the ceca of broilers. Unlike other
polysaccharides, GOS could not increase the count of Bifi-
dobacteria and Lactobacillus in the ceca [112].
Astragalus polysaccharides (APS) is considered as a

biological response modifier [113]. This polysaccharide
can initiate the secretion of cytokines [114], activate T
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and B lymphocytes [115], and components of
complement [116]. APS have immunostimulatory effects
when the chickens are fed on this compound. This com-
pound increases the proliferation of lymphocytes, T-
lymphocytes percentage, antibody titers, relative weights,
histology of immune organs, cytokine concentrations,
and intestinal microbiota [113, 117]. Li et al. [113] also
investigated the synergistic effects of probiotics and APS
on immunity and gut microbiota in chickens. The result
showed that antibody titer, peripheral blood acid α-
naphthyl acetate esterase-positive T-lymphocyte
percentage, relative weights and histology of immune or-
gans, and microbiota of the birds had been changed
positively. Shan et al. [118] studied the effect of oral ad-
ministration of APS on jejunum mucosal immunity in
chickens vaccinated against Newcastle disease, which re-
sulted in higher VH:CD ratios (jejunal villus height-crypt
depth ratio), increased IgA+ cells, and higher ND virus
specific secretory IgA levels in jejunal contents [118].
Guo et al. [119] also studied Eimeria tenella-infected
chickens by feeding polysaccharide extracts from 2
mushrooms (Lentinus edodes and Tremella fuciformis)
and Astraglaus membranaceus to measure the cellular
and humoral immune response of the chickens. Chick-
ens from Astragalus-fed group produced the highest IgG
at the initial stage of coccidiosis. But later, the
mushroom-fed groups showed higher IgM and IgG
levels than Astagalus-fed group. The feeding of polysac-
charides of three types improved the overall mean of
erythrocyte rosette-forming cells and erythrocyte-
antibody-complement cells. Wang et al. [120] tested the
effect of Paulownia fortunei flower polysaccharide (PFFP
S) on cellular and humoral immunity in chickens and
found even a lower dose of this compound could en-
hance the development of the immune organs, increase
leukocyte count and the ratio of lymphocytes, and con-
tribute in the rise of antibody titers against NDV. PFFPS
increased the concentrations of IL-2 and IFIV-gamma,
along with the NDV specific secretory IgA levels (SIgA)
in the duodenum.
Lignin showed a positive response in birds while fed

with 0.5% purified lignin in the blood lymphocyte popu-
lation [121]. Hussein et al. [122] looked at lignocellulose
supplementation in layer pullets with three diets at the
age of 4 weeks; control commercial diet, control plus 1%
insoluble fiber, and control plus 1% mixed soluble/insol-
uble fiber. After 4 weeks, birds fed either of the supple-
mented diets had larger thymus gland and bursa of
Fabricius, and they had more Peyer’s patches than the
unsupplemented control group. At 14 weeks of age, the
pullets fed insoluble fiber supplemented diets had more
heterophil phagocytosis activity, indicating increased in-
nate immune functions. Hussein and Frankel [123] also
found birds fed with a lignin-containing diet had, on the

average larger bursa of Fabricius and more Peyer’s
patches. Birds fed with a fructooligosaccharide supple-
mented diet also showed positive responses towards the
enhancement of innate and adaptive immunity in chicken.
Shang et al. [124] fed 0.5% fructooligosaccharide supple-
mented diet in Salmonella challenged broilers, which de-
creased heterophil activity, but monocyte activity and
serum IgY concentration increased while and interferon-γ
and IL-10 were upregulated in the ileum. The phenolic
units of purified lignin exert antimicrobial function, and
lignin improves the production and health of broilers. Lig-
nin also increases CD4+ and CD8+ lymphocytes in the
duodenum [123].
Fructans are related to the immune responses of gut-

associated lymphoid tissue (GALT) and the systemic im-
mune system. Fructans act as an immunomodulator in
three different ways. Firstly, by increasing the relative
abundance of Bifidobacteria, fructans stimulate the se-
cretion of cytokines or antibodies. Secondly, SCFA pro-
duced from fructans could activate leukocytes. Thirdly,
the carbohydrate receptors on the surface of immune
cells could recognize fructans [125].

Effects of dietary fiber on the environment
Ammonia emission is a major concern in the poultry
industry; part of the excreted N is volatilized as NH3

and spread to the atmosphere. In the United States,
the total amount of NH3 emission from animal hus-
bandry activities was 80.9%, while 26.7% were only
from poultry [126, 127]. Several experiments have
proven that NH3 emission has a bad influence on
poultry’s health and performance. It impairs macro-
phage function, reduces lung function, results in a
lower BWG, and increases susceptibility to diseases
like Newcastle disease, which may cause blindness
[128]. The poor health condition of poultry also leads
to lower egg production. Ammonia emission from
poultry farms even impacts the environment by eu-
trophication of surface water resources and nuisance
odors [129]. DF supplementation may have a modify-
ing role on the enterohepatic cycle of N and amnion
acid loss. However, Roberts et al. [59] reported no
adverse effect on egg production, BWG, and FCR
when increasing the DF and decreasing the crude
protein content in laying hens’ diets. Thus, DF’s in-
clusion in the hen’s diet may be a feasible option to
mitigate NH3 emission by increasing N consumption
in a commercial egg-production operation.

Adverse effects of dietary fiber in poultry
Feeding fiber to poultry has generally been discour-
aged, primarily because of the adverse effects that
fiber exerts on performance and nutrient utilization.
As mentioned above, some components in plants
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cannot benefit the GIT of poultry. Cellulose and
hemicellulose are not well digested. Arabinoxylans
and pentosans present in cereals like rye result in a
low nutritional value. The high concentration of β-
glucans in barley is responsible for its low nutritional
value. Also, the inclusion of high fiber ingredients is
usually limited because of the poor metabolizable
energy contents [4]. Several experiments with alfalfa
indicated that saponins in it might prevent hyperchol-
esterolemia, reduce egg production, and depress
growth in mammals and birds [19]. Soluble fiber
pectin increased digesta viscosity and exhibited anti-
nutritive effects in the young chick with decreased
growth performance [82]. Besides, raffinose is a type

of oligosaccharides that vary in distribution among le-
guminous species and varieties of the same species.
Because it cannot be digested in the upper digestive
tract, it remains undigested until it reaches the lower
gut, where it can be fermented by microbial enzymes.
A byproduct of the fermentation of these compounds
is the production of gases that have been associated
with flatulence in non-ruminant animals, as well as
causing diarrhea [130].
Supplementing such diets with specific feed enzymes

targeting these compounds may improve the nutritional
value of fiber. A recent study from our lab has shown
that a combination of xylanase, amylase, and protease
supplements added in corn-SBM based diet of broilers

Table 1 Effect of dietary fibers on gut health of poultry

Source Inclusion level Species Response Reference

SBM/Oat hull 3%, 5% Broiler Increased gizzard weight and reduced it’s pH [4]

SBP/Pea hull 7.5% Broiler Increased abrasion of the mucosal surface of the
small intestine, shortened the villus, and increased
mucus output

[24]

Pea hull 2.5% Broiler Increased VH:CD ratio [24]

SFM 40–45 g/kg Pullet Increased VH, villus weight, the VH:CD ratio and
surface area

[25]

SFM 47 g/kg Layer Increased VH, villus weight, the VH:CD ratio and
surface area

[26]

SFM 97 g/kg Layer Decreased VH, villus weight, the VH:CD ratio and
surface area

[26]

Soyabean hull 40 g/Kg Broiler Decreased negative effects of coccidiosis on VH:CD [55]

Rice hull 40 g/Kg Broiler Decreased negative effects of coccidiosis on duodenal
villus height

[55]

Wheat bran 30 g/Kg Broiler Increased VH and VH:CD ratio [56]

Chitooligosaccharide 5 mg/egg (in ovo injection) Broiler Increased beneficial gut bacteria [62]

Soybean hull 7% Broiler increased acetic, propionic, isobutyric and butyric acid,
lactic and succinic acid in cecal contents and depressed
formic acid production

[76]

Alfalfa extract 0.06% Broiler Increased thymus, spleen and bursa weight; Proliferation
of T and B lymphocytes; Increased anti-NDV serum;
Enhanced overall immunity

[19]

Algae-derived polysaccharides 2500mg/kg Broiler Increased VH of jejunum and ileum [85]

Algae derived polysaccharides 4000mg/kg Broiler Increased the VH of duodenum and ileum [85]

Yeast derived β-glucans 0, 0.02%, or 0.1% Broiler Altered the cytokine-chemokine balance [86]

Raffinose 1.5, 3.0, and 4.5 mg in
0.2 mL of an aqueous
diluents

Broiler Increased VH and VH:CH ratio; improved immunity and
gut health

[92]

Yeast cell 2.5 g/kg Broiler Enhanced antibody titers, IgM and IgA concentration,
serum lysozyme and better gut morphology

[97]

Yeast culture 20 g/t Turkey Reduced transport stress [103]

Wheat based diet (arabinoxylans) 0.1% (wt/wt) Broiler Increased production of cecal SCFA [106]

Arabinoxylooligosaccharides 0.4% or 0.2% Broiler Maintained gut health [107]

Barley-derived arabinoxylans 200 mg/kg body weight or
300 mg/kg body weight

Broiler Enhanced macrophage activity [109]

Fructooligosaccharide 0.5% Broiler Upregulated interferon-γ and IL-10 expression in ileum [124]

Abbreviations: SBM soybean meal, SBP sugar beet pulp, SCFA short chain fatty acid, SFM Sunflower meal, VH villus height, VH:CD villus height to crypt depth ratio
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could optimize the utilization of fiber for better average
daily gain and improved feed efficiency while maintain-
ing performance to a level comparable to that of the
costly conventional feedstuff-based diets with low fiber
content [131].

Conclusion
Although DF was considered an antinutritional factor in
the past, there is increasing interest in their use in
poultry nutrition due to claimed benefits. The inclusion
of an appropriate amount of DF in poultry diets pro-
motes gastrointestinal tract development and improves
nutrient utilization, growth performance, and gut health
parameters (as summarized in Table 1), including bene-
ficial microbiota, immune system, and avoids overcon-
sumption without hindering the growth of poultry.
Difference sources, type, and form of DF have been used
in poultry both in vivo and in ovo to evaluate various pa-
rameters in poultry with some confirming results along
with some contradictory reports of not getting the bene-
fits all time. However, it is necessary to determine the
type, form, and inclusion level of fiber in poultry diets to
attain optimal performance and economic benefits under
commercial conditions. Furthermore, it would be desir-
able to formulate diets with the amount of fiber to sat-
isfy the needs of poultry in different stages of growth
and production. However, a gap in knowledge remains
in the underlying mechanism of how different types of
fibers affect the gut health of poultry. Also, it is worth
studying the effect of fiber inclusion in poultry diets
from an economic and environmental point of view,
which will have practical significance.

Abbreviations
AGP: Antibiotic growth promoter; APS: Astragalus polysaccharide; BWG: Body
weight gain; CD: Crypt depth; COS: Chitosan oligosaccharide; d: Day;
DF: Dietary fiber; DM: Dry matter; FCR: Feed conversion ratio; FI: Feed Intake;
GALT: Gut-associated lymphoid tissue; GIT: Gastrointestinal tract;
GOS: Galacto oligosaccharide; HCL: Hydrochloric acid; IBD: Infectious bursal
disease; IBV: Infectious bronchitis virus; IgA: Immunoglobulin A;
IgG: Immunoglobulin G; IgM: Immunoglobulin M; IgY: Immunoglobulin Y;
IL: Interleukin; LPS: Lipopolysaccharide; mRNA: Messenger ribonucleic acid;
NDV: Newcastle disease virus; NSP: Non-search polysaccharides; PFFP
S: Paulownia fortunei flower polysaccharide; PMA: Phorbol-12-myristate-13-
acetate; SBM: Soyabean meal; SBP: Sugar beet pulp; SCFA: Short chain fatty
acid; SFH: Sunflower hull; VH: Villus height; WGS: Whole genome sequencing
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