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ABSTRACT:  This review will give a brief  de-
scription of  β-mannans, abundance in feedstuffs, 
utility of  supplemental feed β-mannanase, and 
subsequent animal responses. Soybean products 
and co-products of  processing palm, coconut, 
and guar seeds are the major sources of  β-man-
nans in poultry and livestock feed. β-Mannans 
are linear polymers of  mannose residues linked 
by β-1,4 glycosidic bonds and their ingestion 
elicit undesirable and metabolically costly re-
sponses. Web of  Science was searched to retrieve 
published studies for meta-analyses of  the im-
pact of  supplemental β-mannanase on perform-
ance and digestibility in pigs and poultry. The 
mean difference (MD) between β-mannanase 
and control on average daily gain (g/d) was +0.23 
(P  =  0.013; 95% CI of  0.05; 0.41), +10.8  g/d 
(P  =  0.0005; 95% CI of  6.6; 15.0  g/d), and 
+20.68 (P < 0.000; 95% CI of  17.15; 24.20 g/d) 
for broiler chickens, nursery pigs, and grow-fin-
ish pigs, respectively. The MD on β-mannanase 
improvement on feed conversion (FCR) was 
−0.02 (P < 0.0001) with 95% CI (−0.03; −0.02) 
suggesting a 2-to-3-point FCR improvement in 
broiler chickens. β-Mannanase improvement on 
gain to feed (G:F) was +13.8  g/kg (P  =  0.027; 
2.1; 25.4  g/kg) and +8.77  g/kg (6.32; 11.23  g/

kg) in nursery and grow-finish pigs, respectively. 
β-Mannanase improved apparent metabolizable 
energy by 47 kcal/kg (P = 0.0004) with 95% CI 
(28.8; 65.7 kcal/kg) in broiler chickens. The im-
provement of  gross energy digestibility in pigs 
was 1.08% unit with 95% CI (0.90; 1.26) trans-
lating to the release of  between 30.6 and 42.8 
kcal/kg of  digestible energy. Although data were 
limited, β-mannanase improved egg production 
in laying hens linked to improved energy metab-
olism in laying hens linked to improved energy 
metabolism  but had no impact on egg quality. 
Turkeys may be more adversely affected by 
β-mannans because of  the high protein/amino 
acids requirements necessitating higher dietary 
inclusion of  soybean meal. However, growth 
performance and feed efficiency responses of 
turkeys fed diets supplemented with β-mannan-
ase were variable. In summary, β-mannanase 
supplementation improved performance linked 
to energy and nutrient utilization. However, the 
magnitude of  response was variable within and 
between species indicating further application 
refinement is warranted to achieve consistent ef-
ficacy, and improved understanding of  the func-
tional contribution of  β-mannans hydrolysis 
products.
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INTRODUCTION

Although pigs and poultry are highly efficient 
in converting feed to food products, they still ex-
crete significant amounts of undigested nutrients. 
The peculiarity is that feedstuffs contain anti-nutri-
tional factors (ANF) such as phytic acid or fractions 
that are not degraded sufficiently or indeed at all by 
the conditions and the array of digestive enzymes 
in the gastrointestinal tract (GIT; Kiarie et  al., 
2013, 2016). The undigested nutrients have negative 
implications on production efficiency, profitability, 
and sustainability of farm operations. This inherent 
digestive inefficiency in monogastric animals is seen 
as the reason of commercial development and ap-
plication of exogenous feed enzymes technology. 
Indeed, the notion for application of exogenous 
enzymes in animal nutrition was initially suggested 
almost a century ago (Hervey, 1925); however, the 
prohibitive cost did not allow their application in 
animal nutrition until many decades later (Masey 
O’Neill et al., 2014). The mode of action for most 
commercial feed enzymes has been characterized as 
follows: 1) hydrolysis of specific chemical bonds in 
feedstuffs that are not sufficiently degraded or in-
deed not at all by the animal’s own enzymes (e.g., 
mixed salts of phytic acid); 2)  elimination of the 
nutrient encapsulating effect of the cell wall poly-
saccharides and therefore increased availability of 
starches, amino acids, and minerals; 3) breakdown 
of ANF that are present in many feed ingredients 
(e.g., non-starch polysaccharides [NSP] and phytic 
acid); 4) solubilization of insoluble NSP for more 
effective hindgut fermentation and thus improved 
overall energy utilization; and 5) complementation 
of the enzymes (e.g., amylase, protease, lipase) pro-
duced by young animals where, because of the im-
maturity of their own digestive system, endogenous 
enzyme production may be inadequate. The global 
feed enzymes market size was estimated to account 
for USD 1.3 billion in 2020 and projected to reach 
USD 1.9 billion by 2025 (MarketsandMarkets, 
2020). In terms of application and commercial-
ization, phytase currently dominates the market, 
followed by carbohydrases (MarketsandMarkets, 
2020). Xylanases and cellulases are the dominant 
carbohydrases and their utility in monogastric nu-
trition has been well characterized (Bedford, 1996; 
Bedford and Schulze, 1998; Adeola and Cowieson, 
2011; Slominski, 2011; Masey O’Neill et al., 2014). 
However, the growing concern regarding animal 
health and the necessity to enhance nutrient utiliza-
tion has led to development and utility of other car-
bohydrases such as β-mannanase, α-galactosidase, 

and pectinase (Ward, 2021). For example, emerging 
evidence suggests that some indigestible feed com-
ponents such as β-mannans are not only anti-nu-
tritive but elicit undesirable and metabolically 
costly immune responses (Klasing, 2007; Arsenault 
et al., 2014; Arsenault and Kogut, 2015). As such, 
supplemental β-mannanase may have nutritional 
and metabolic benefits. Review on application of 
single β-mannanase on growth performance and 
digestibility in broiler chickens and pigs has been 
reported (Shastak et  al., 2015; Saeed et  al., 2019; 
Torres-Pitarch et  al., 2019; Kipper et  al., 2020). 
However, these studies were limited in scope in 
terms of species coverage to document comparative 
responses within and between species. Moreover, 
these reviews evaluated some studies in which the 
tested enzymes were admixture of β-mannanase 
and other enzymes. Therefore, the objective of the 
present meta-analysis and systematic review is to 
evaluate growth performance and digestibility re-
sponses of supplementation of single β-mannan-
ase in broilers, laying hens, turkey, nursery pigs, 
grow-finish pigs and sows feed programs to under-
score mechanisms, and suggest opportunities for 
expanded exploitation.

What are β-Mannans

The NSP are present in high quantities in cereal 
grain co-products, intermediate to high quantities 
in both legumes and protein-rich meals, and low 
to intermediate quantities in cereal grains (Bach 
Knudsen, 1997). The primary mono-sugars in NSP 
consist of pentoses (arabinose and xylose); hexoses 
(glucose, galactose, and mannose); 6-deoxyhexoses 
(rhamnose and fucose); and uronic acids (glucur-
onic and galacturonic acids or their 4-O-methyl 
ethers; Bach Knudsen, 1997). β-mannans and 
xylans are the two most important hemicelluloses 
and hence considerable research has been focused 
on their value-added applications and hydrolysis.

Types and Structure of β-Mannans

β-mannans from plants are polysaccharides 
of  d-mannose units linked together by β-(1-4) 
glycosidic bonds and are distinct from yeast cell 
wall backbone of d-mannose units that are linked 
by α-(1-6) glycosidic bonds substituted by man-
nan units linked by α-(1-2) and α-(1-3) glycosidic 
bonds (Chen et al., 2018). Structurally, β-mannans 
are linear polymers of β-1,4-linked mannose res-
idues backbone without (linear mannan) or with 
combination of glucose and mannose residues 
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(glucomannan) and occasional side chains of 
α-1,6-linked galactose residues (galactomannan 
or galactoglucomannan). Galactomannans are 
straight-chain polysaccharides with mannose units 
(main chain) linked by β-(1-4) glycosidic bonds and 
galactose units (side group) in varying proportions 
linked by α-(1-6) glycosidic bond (de Vries and 
Visser, 2001; BeMiller, 2019). Mannose to galactose 
ratio can vary from 1.0 to 5.3, depending on the 
sources (de Vries and Visser, 2001). The two rich 
sources of galactomannans are the endosperm of 
plant seeds, the vast majority of which originate 
in the Leguminosae family (de Vries and Visser, 
2001). Galactomannans are present in the endo-
sperm of legumes of coconut, coffee, and several 
palm species (Nishinari et al., 2007). Rich sources 
of galactomannans for human food and non-food 
commercial application includes guar or caster 
bean (Cyamopsis tetragonoloba), tara (Caesalpinia 
spinosa Kuntze), carob or locust bean (Ceratonia 
siliqua), and fenugreek (Trigonella foenum-grae-
cum L.; Prajapati et al., 2013; Barak and Mudgil, 
2014). Complete hydrolysis of galactomannans re-
quires β-(1-4)-mannanase, β-(1-4)-mannosidase, 
and α-(1-6)-galactosidase (Bågenholm et al., 2017). 
Glucomannans are composed of d-mannose and 
d-glucose units with a ratio of 1.4:1 to 1.6:1 in linear 
chain arrangement with some branching (Cui et al., 
2013). One of the richest sources of glucomannan 
is the tuber of Amorphophallus konjac which has 

been cultivated for centuries in China and Japan 
and used as food (Cui et al., 2013). Pine woods con-
tain glucomannans that have glucose units linked 
to acetyl groups. Hydrolysis of glucomannan re-
quires β-(1-4)-mannanase, β-(1-4)-mannosidase, 
and acetyl esterase (de Vries and Visser, 2001). 
Galactoglucomannans consist of a backbone of 
mannose and glucose units linked by β-(1-4) and 
side chains of galactose units linked by α-(1-6). The 
mannose or glucose units of the backbone are 20% 
to 30% acetylated at C-2 or C-3. Acetylation and 
galactose increase solubility of galactoglucoman-
nans. Galactomannans are commonly present in 
softwood (de Vries and Visser, 2001). Hydrolysis of 
galactomannans requires microbial β-(1-4)-man-
nanase, β-(1-4)-mannosidase, α-(1-6)-galactosi-
dase, and acetyl esterase (van Gool, 2012).

Abundance of β-Mannans in Feed Ingredients

The major β-mannans in feedstuffs are in the 
form of glucomannan and galactomannan. The 
concentration of total β-mannans in feedstuffs 
can be as high as 30% dry matter (DM; Table 
1). Ranking of feedstuffs in terms of concentra-
tion of soluble β-mannans follows the pattern of 
total β-mannans (Table 2). Soybean products and 
co-products of processing palm, coconut, and guar 
seeds are the major sources of β-mannans in poultry 
and livestock feed. In general, the concentration of 

Table 1. Concentration of total β-mannans in feedstuffs, % DM 

Feedstuff

Mannose

ReferencesMinimum Maximum Mean

Copra meal 30.60 34.56 32.58 Saittagaroon et al. (1983); Bach Knudsen (1997)

Palm kernel meal – – 30.90 Bach Knudsen (1997)

Guar seed 20.60 22.70 21.34 Hansen et al. (1992)

Guar meal 8.20 12.62 10.41  

Soybean hulls – – 5.00 Bach Knudsen (2014)

Soybean meal, 44% CP, with hulls 1.30 2.07 1.67 Bach Knudsen (1997)

Wheat DDGS 1.30 1.80 1.55 Pedersen et al. (2014)

Corn DDGS 0.47 2.00 1.28 Jaworski et al. (2015)

Soybean meal, 48% CP, dehulled 0.65 1.31 0.98 Bach Knudsen (1997)

Corn gluten feed 0.40 1.20 0.80 Bach Knudsen (1997)

Brewer spent grains – – 0.80 Denstadli et al. (2010)

Wheat middlings 0.30 0.80 0.55 Bach Knudsen (1997)

Wheat bran 0.50 0.50 0.50 Bach Knudsen (1997)

Canola meal 0.39 0.45 0.42 Slominski et al. (1994)

Barley – – 0.40 Bach Knudsen (1997)

Wheat 0.30 0.30 0.30 Bach Knudsen (1997)

Corn 0.20 0.30 0.25 Bach Knudsen (1997)

Sorghum – – 0.10 Jaworski et al. (2015)

CP, crude protein.
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β-mannans is low (<0.5% DM, Table 1) in cereals 
(corn, barley, wheat, sorghum). Cereal co-products 
from the milling industry such as corn gluten meal, 
wheat middlings, and wheat bran have slightly 
higher concentration of β-mannans than parent 
grains but still less than 1% DM (Table 1; Bach 
Knudsen, 1997). However, cereal co-products from 
the ethanol industry have relatively high concentra-
tion of β-mannans. This may be due to the poten-
tial contamination with residual yeast mannans and 
the fact that these products have higher concentra-
tion of NSP. Indeed, it has been estimated that that 
distillers dried grains with solubles (DDGS) from 
corn and wheat contains up to 6% yeast biomass 
(Alizadeh et al., 2016). Typical analytical approach 

for determining the concentration of β-mannans in 
feedstuffs is through estimation of total free man-
nose sugar (Englyst and Cummings, 1984; Hsiao 
et al., 2006). Such approach will not obviously dis-
tinguish between β-mannans characteristic to plant 
feedstuffs and yeast cell walls (Chen et al., 2018). 
This might explain observed variability of β-man-
nans concentration in corn and wheat DDGS. For 
example, the concentration of β-mannans in corn 
DDGS ranges from 0.5% to 2.0% DM and for 
wheat DDGS from 1.3% to 1.8% DM (Pedersen 
et al., 2014; Jaworski et al., 2015; Rho et al., 2020).

Soybean meal (SBM) and its derivatives are 
a major protein (amino acids) source for poultry 
and livestock across the globe (Kiarie et al., 2020; 

Table 2. Concentration of soluble β-mannans in common feedstuffs, % as is1

Item n Minimum Maximum Mean

Palm kernel meal 4 3.56 7.27 4.83

Guar meal, ~40% CP 8 3.33 5.83 4.62

Soyhulls 2 4.29 4.61 4.45

Copra meal (coconut meal) 1 – – 3.36

Guar meal, >47% CP 3 1.33 2.38 1.79

Sunflower, expeller 1 – – 0.56

Soybean cake 3 0.43 0.72 0.53

Soybean meal, 44% CP, with hulls 7 0.25 0.87 0.53

Soybean meal, full fat, with hulls 15 0.28 0.70 0.47

Sunflower meal, ≤32% CP, with hulls 7 0.35 0.46 0.41

Soybean meal, 48% CP, dehulled 58 0.19 0.67 0.39

Soybean meal, fermented 2 0.39 0.39 0.39

Corn DDGS 12 0.15 0.73 0.38

Sunflower, >32% CP, dehulled 15 0.28 0.50 0.38

Barley 5 0.25 0.31 0.28

Oats 1 – – 0.21

Wheat middlings 2 0.17 0.20 0.19

Rice 1 – – 0.18

Wheat 15 0.07 0.28 0.18

Wheat bran 4 0.14 0.23 0.17

Cassava/Tapioca 2 0.12 0.18 0.15

Beet flour 1 – – 0.15

Rice bran 1 – – 0.13

Rapeseed meal 11 0.09 0.25 0.12

Corn gluten meal 2 0.07 0.16 0.11

Lentils 2 0.10 0.11 0.11

Oats, dehulled 2 0.06 0.15 0.11

Sorghum 3 0.09 0.12 0.11

Corn meal (maize screenings) 3 0.05 0.14 0.10

Corn germ meal 1 – – 0.10

Hominy 2 0.08 0.12 0.10

Corn 33 0.06 0.15 0.09

Rapeseed, expeller 1 – – 0.09

Peas 5 0.06 0.08 0.07

Faba beans 3 0.05 0.05 0.05

Rapeseed, whole 2 0.05 0.06 0.05

1Data from Elanco internal survey database.
CP, crude protein. 
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Kiarie et al., 2021). The SBM contains appreciable 
amounts of  carbohydrates (approximately 40%) 
of  which >50% is in the form of  NSP. The concen-
tration of  β-mannans in SBM ranges from 0.7% 
DM in dehulled SBM (~48 crude protein) to 2.1% 
DM in 44% crude protein SBM (hulled; Table 1). 
β-mannans in SBM are mainly associated with 
the hull (~5% β-mannans) and are heat-resistant 
compounds that survive the drying-toasting 
phase of  processing soybeans (Hsiao et al., 2006). 
However, it is noteworthy that majority of  β-man-
nans in soy hulls are soluble (Table 2). Canola/
rapeseed meal is another important protein feed-
stuff  but has low β-mannans concentration (less 
than 0.5% DM, Table 1; Slominski et al., 1994). 
Large quantities of  guar beans (C. tetragonoloba) 
are produced and processed mainly in India and 
Pakistan for galactomannan-rich gum extraction 
from endosperm and residue left over from pro-
cessing is converted into meal (Prajapati et  al., 
2013). Guar meal has a good amino acid pro-
file with crude protein content of  33% to >45% 
and is used to replace conventional feedstuffs in 
monogastric and ruminant feeds (Conner, 2002; 
Lee et al., 2005; Hussain et al., 2012). However, 
a major limitation of  guar meal application in 
monogastric diets is high and variable concen-
tration of  β-mannans that can range from 8% to 
13% DM (Table 1) depending on residual gum in 
the meal (Hansen et al., 1992). The concentration 
of  soluble β-mannans in guar meal ranges from 
1.8% to 4.6% (Table 2); suggesting a significant 
portion of  total β-mannans in guar meal are sol-
uble. Copra and palm kernel meals are defatted 
co-products from coconut and palm processing, 
respectively, and are an attractive choice for feed 
cost reduction in tropical countries (Saittagaroon 
et al., 1983; Khanongnuch et al., 2006; Ibuki et al., 
2014; Stein et al., 2015; Jang et al., 2020b). The 
concentration of  β-mannans in copra and palm 
kernel exceeds 30% DM (Table 1; Saittagaroon 
et al., 1983; Bach Knudsen, 1997). However, as in-
dicated in Table 2, comparatively, the proportion 
of  soluble β-mannans in copra and kernel meal 
are much lower than for guar meal and soyhulls.

Implications of Presence of β-Mannans in Feed

Like other dietary fiber fractions, β-mannans 
are not degraded sufficiently or indeed at all by 
the conditions and repertoire of endogenous di-
gestive enzymes in monogastric upper GIT (Bach 
Knudsen, 2011; Knudsen, 2014). Feed β-mannans 
have been associated with negative influences on 

voluntary feed intake, nutrient utilization, health, 
and metabolic processes through a variety of vari-
ably characterized mechanisms related to GIT and 
systemic responses (van Nevel et  al., 2005). The 
following subsection will review some of these 
mechanisms and associated impact on animal per-
formance and health.

β-Mannans and Digestive Physiology

Fibrous indigestible complexes can impede 
normal digestion and absorption processes of nu-
trients (Slominski, 2011). Soluble β-mannans have 
been demonstrated to increase viscosity of intes-
tinal contents accompanied with decreased nutrient 
(glucose, lipids) and water absorption in pig and 
chicken models (Rainbird et  al., 1984; Lee et  al., 
2003; Blackburn and Johnson, 2007; Rainbird 
et al., 2007). For example, perfusion of guar gum 
in isolated porcine jejunal loops reduced net ab-
sorption of glucose and maltose from 74.2% to 
41.4% and 71.1% to 35.0%, respectively (Rainbird 
et al., 1984). Correlation analysis showed an inverse 
linear relationship between glucose absorption and 
dietary guar gum concentration (Ellis et al., 2007). 
The peculiarity is that viscous digesta impairs dif-
fusion and convective transport of digestive en-
zymes, effectively reducing contact with substrates 
(Angkanaporn et  al., 1994). Highly viscous diets 
cause pasty excreta as a result of increased water 
consumption leading to poor litter quality (Bedford 
and Schulze, 1998; Daskiran et al., 2004). The con-
sequences of low and variable nutrient absorption 
are increased feed cost, proliferation of gut patho-
gens, poor feed efficiency and nutrient loading and 
emissions into the environment (Kiarie et al., 2013, 
2016). Moreover, fibrous fractions increase visceral 
organ weight and consequently increase utilization 
of dietary energy and amino acids for maintenance 
at the expense of tissue deposition (growth; Cant 
et  al., 1996; Agyekum et al., 2012). Pigs-fed diets 
with high levels of dietary fiber have greater intes-
tinal mass and a lower dressing percentage than 
pigs-fed diets with relatively lower concentration of 
dietary fiber (Agyekum et al., 2012). Feeding carob 
tree seeds, a rich source of β-mannans, resulted in 
shorter villi and a lower jejunum villus height/crypt 
depth ratio in piglets, indicating faster renewal rate 
(van Nevel et al., 2005). Increased mass of the GIT 
and portal vein drained viscera implies greater util-
ization of digestible energy to meet maintenance 
energy requirements subsequently resulting in less 
energy being available for protein and fat depos-
ition (Just et al., 1983).
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β-Mannans and Feed-Induced Immune Response

The primary functions of the GIT are to di-
gest and absorb nutrients and to excrete waste 
products. However, the GIT is also involved in nu-
merous immune and endocrine functions. Indeed, 
the GIT has dual and opposing roles as the site of 
nutrient absorption and host defense (MacDonald 
and Monteleone, 2005; Okumura and Takeda, 
2017). Optimal nutrient digestion and absorption 
require a large surface area and a thin epithelium 
that has the potential to compromise host defense. 
Many infectious diseases involve the GIT, and the 
investment by the GIT in protecting itself  is evident 
by the abundance of lymphoid tissue and immune 
cells it harbors (MacDonald and Monteleone, 
2005; Okumura and Takeda, 2017). The primary 
intestinal cellular barrier in preventing antigens 
encountering the immune system is the single layer 
of epithelium with an expanded surface area due 
to millions of fingerlike villi. Each epithelial cell 
maintains intimate association with its neighbors 
and seals the surface of the gut with tight junc-
tions (Okumura and Takeda, 2017). The GIT 
epithelial barrier, therefore, represents a highly dy-
namic structure that limits but does not exclude, 
antigens from entering the tissues, whereas the 
immune system constantly samples gut antigens 
(MacDonald and Monteleone, 2005). In the upper 
GIT, the bulk of the antigen exposure comes from 
the diet, whereas in the lower GIT (terminal ileum 
to distal colon) antigenic load will emanate from 
abundant and highly complex commensal micro-
flora (MacDonald and Monteleone, 2005).

In general, biologists view immunity and me-
tabolism as distinct processes. However, it is in-
creasingly been recognized that the goal of efficient 
animal protein production is often blunted by 
any level of immune system stimulation (Klasing, 
2007; Arsenault et al., 2014; Arsenault and Kogut, 
2015). Unlike other dietary fiber fractions, β-man-
nans are akin to the mannose residues that cover 
the surface of most cells and play important role 
in various biological mechanisms such as immune 
response, adhesion, infection, and signal transduc-
tion (Arsenault et al., 2017). As such, β-mannans 
can be recognized by the host immune system as 
Pathogen Associated Molecular Patterns through 
several cell surface receptors in the GIT. It is plaus-
ible that fragments of β-mannans may either bind 
to gut epithelia and exert localized and/or systemic 
immune system effects, or be absorbed into the 
bloodstream, with the potential to exert systemic ef-
fects (Zhang and Tizard, 1996; Duncan et al., 2002; 

Arsenault and Kogut, 2015; Arsenault et al., 2017; 
Tiwari et al., 2020). Consequently, feed β-mannans 
have been associated with provocation of an intes-
tinal immune response leading to wasteful energy 
utilization and depression in animal performance 
(Daskiran et al., 2004; Gabler and Spurlock, 2008; 
Arsenault et al., 2017). This phenomenon has been 
named feed-induced immune response (FIIR) and 
is linked to unproductive energy expenditure due 
to inappropriate activation of the immune system. 
For example, β-mannans from Aloe Vera exhibited 
similar chemical properties to SBM β-mannans 
and were shown to stimulate nitric oxide synthesis 
through macrophage mannose receptor activation 
(Karaca et  al., 1995; Ramamoorthy et  al., 1996). 
In principle, the animal immune system mistakes 
feed β-mannans for harmful microorganisms and 
use up vital energy mounting an immune response 
through increased proliferation of monocytes 
and macrophages resulting in higher production 
of cytokines and acute-phase proteins (Wu et al., 
2005; Arsenault et al., 2017).

Systematic and Meta-analyses of Animal Responses 
to Supplemental β-Mannanase

Web of Science (clarivate.com) was used to 
search for publications that evaluated supplemen-
tation of feed β-mannanase in pigs and poultry. 
Once all publications were collected, only those ful-
filling the following selection criteria were retained: 
1)  tested single β-mannanase as standalone treat-
ment; 2)  in-vivo swine and poultry studies includ-
ing a control treatment group with the same dietary 
composition as β-mannanase  group; 3)  published 
in English; 4)  reported growth performance re-
sults (feed intake, growth, and feed efficiency); 
5)  reported other parameters such as digestibility, 
carcass data, etc.; 6)  reported sample variance 
(standard deviation or standard error of the mean 
[SEM]), sample size (n), age or body weight (BW) 
weight range, sex, and duration of the study. Each 
study was assigned a publication number from 
which the information was extracted and stored in 
an Excel workbook. Where more than one β-man-
nanase dosage was used in a study, each dosage 
and associated data was entered in a separate row. 
Similarly, if  a study reported more than one experi-
ment, each tested β-mannanase dose and associated 
control was entered in a separate row. Additional 
information such as main ingredients, use of add-
itional β-mannans such as DDGS, soy hulls, copra 
meal, and guar meal were entered. Separate work-
books were created for broiler chickens, nursery 
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pigs, grow-finishing pigs, sows, and turkeys. Meta-
analyses were conducted on growth performance 
and energy digestibility in broiler chickens, nursery, 
and grow-finish pigs based on higher number of 
studies. Other responses and data on laying hens, 
turkeys, and sows were systematically reviewed. For 
meta-analyses, the metafor package in R was used to 
conduct meta-analysis and to construct forest plots 
(Viechtbauer, 2010). The independent variables (y) 
included in the random models of the meta-analy-
sis were: average daily feed intake (ADFI), average 
daily gain (ADG), feed efficiency (feed conversion 
[FCR] for broilers and gain to feed [G:F] for pigs), 
apparent metabolizable energy (AMEn) in broilers, 
and apparent total tract digestibility (ATTD) of 
gross energy in pigs. Mean difference (MD) was 
the effect size and was calculated by subtracting the 
mean of the control group from β-mannanase sup-
plemented group (Bougouin et al., 2014). The MD 
allows easy effect size interpretation because it is in 
the original units of the response variable in ques-
tion. Publication number was included as a random 
effect in all models (µ) and the error term (e) was 
also included in the model. The validity and robust-
ness of meta-analysis conclusions can be affected 
by publication bias and the presence of outlier 

observations. In this context, outliers were identi-
fied and removed using the test of I2 heterogeneity 
as described by Viechtbauer and Cheung (2010). 
The pooled SEM of each study was considered 
for standardization and weighting of the different 
comparisons. Forest plots were constructed to show 
the MD effect size estimate, its confidence intervals 
(CIs) and weighting (Torres-Pitarch et al., 2019).

Broiler Chickens

The searches collectively resulted in 28 re-
search articles for growth performance in broiler 
chickens. Data entry based on previously described 
criteria resulted in 48, 73, and 87 comparisons for 
ADFI, ADG, and FCR, respectively. The final 
list of comparisons included in the meta-analyses 
after removal of influential observations is shown 
in Supplementary Table S1. A  total of 23, 30, 
and 33 comparisons for ADFI, ADG, and FCR 
were used in the final model highlighting tremen-
dous variability in response of supplemental feed 
β-mannanase. The mean ADFI, ADG, and FCR 
in the control and β-mannanase supplementa-
tion treatment groups and corresponding MD es-
timates are presented as forest plots in Figures 1, 

Figure 1. Forest plots showing mean difference (MD) effect and confidence interval of β-mannanase supplementation on average daily feed 
intake (ADFI, g/d) in broiler chickens.
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2, and 3, respectively. Supplemental β-mannanase 
had no effect on ADFI (P = 0.795); the mean MD 
was −0.059 with 95% CI (−0.52; 0.41  g/d; Figure 
1). β-Mannanase supplementation had a consist-
ently positive effect on ADG and FCR (Figure 2), 
but the effect sizes were variable. The MD effect of 
β-mannanase on ADG ranged from −3.0 to 1.0 g/d 
(Figure 1) reflecting variation of responses among 
the individual studies. The weighted pooled MD 
improvement of β-mannanase over the control on 
ADG was 0.23 g/d (P = 0.013) with 95% CI (0.05; 
0.41  g/d). This suggested supplementation with 
β-mannanase from hatch to 42 days of age would 
translate to between 2.1 and 17.2 g extra weight per 
bird or between 210 and 1,720 kg in 100,000 flocks. 
The mean MD β-mannanase improvement on FCR 
was −0.02 (P < 0.0001) with 95% CI (−0.03; −0.02) 
suggesting a 2-to-3-point FCR improvement 
(Figure 3). Variable growth performance responses 

to supplemental fiber degrading enzymes in poultry 
are well documented and are linked to animal, diet, 
and enzyme factors (Ravindran, 2013). With excep-
tion of few studies where additional β-mannans in 
form of corn DDGS and guar meal were added, 
most studies used corn and SBM.

Because β-mannanase hydrolyzes all types of 
β-mannans, it could be effective in improving nu-
trient utilization. A  meta-analysis was conducted 
to characterize the impact of β-mannanase sup-
plementation on AMEn responses; the mean MD 
between β-mannanase and control was 47 kcal/
kg (P  =  0.0004) with 95% CI (28.8; 65.7 kcal/kg; 
Figure 4). This corroborated data showing broilers 
fed low-energy diets (3,003, 3,080, and 3,157 
kcal/kg for starter, grower, and finisher, respect-
ively) supplemented with β-mannanase performed 
slightly better than broilers fed high energy diets 
(3,146, 3,223, and 3,300 kcal for starter, grower, 

Figure 2. Forest plots showing mean difference (MD) effect and confidence interval of β-mannanase supplementation on average daily gain 
(ADG, g/d) in broiler chickens.
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and finisher, respectively) without β-mannanase 
(McNaughton et al., 1998). Specifically, β-mannan-
ase improved AME by 143 kcal/kg concomitant 

with 3% improvement on growth and FCR. β-Man-
nanase supplementation has been demonstrated to 
have positive effects on performance and nutrient 

Figure 3. Forest plots showing mean difference (MD) effect and confidence interval of β-mannanase supplementation on feed conversion (FCR, 
g/g) in broiler chickens.

Figure 4. Forest plots showing mean difference effect (MD) and confidence interval of β-mannanase supplementation on apparent metaboliz-
able energy corrected for nitrogen (AMEn, kcal/kg) in broiler chickens.
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digestibility in poultry fed corn-SBM-based diets 
as well as diets containing guar meal, copra meal, 
and other β-mannan-containing components 
(Daskiran et al., 2004; Jackson et al., 2004; Ferreira 
et al., 2016; Balasubramanian et al., 2018; Caldas 
et al., 2018; Mohammadigheisar et al., 2021). Some 
of these positive effects have been ascribed to mech-
anisms that are different compared to the modes of 
action of other NSP carbohydrases such as redu-
cing FIIR. β-Mannanase supplementation signifi-
cantly improved protein, lipid, and metabolizable 
energy utilization in broilers fed corn-SBM-copra 
meal-based diets (Sundu et al., 2006). The authors 
suggested that β-mannanase might have decreased 
digesta flow rate due to the greater hydrolysis of 
copra meal leading to improved nutrient utiliza-
tion. It has also been demonstrated that β-mannan-
ase improved digestibility of valine, methionine, 
and leucine in broiler chickens fed corn-SBM diet 
(Mohammadigheisar et al., 2021).

Turkeys

Turkeys may be more adversely affected by 
β-mannans because of the high protein/amino 
acids requirements especially during early growth 
phases necessitating higher dietary inclusion of 
SBM. Therefore, β-mannanase may be particularly 
effective in turkey diets. To test this hypothesis, 
experiments have been designed to determine the 
effect of β-mannanase supplementation in corn-
SBM diets on the growth performance of market 
turkeys and to compare the efficacy of β-mannan-
ase supplementation in diets containing SBM-44 
and SBM-48 (Odetallah et  al., 2002). The data 
indicated that β-mannanase supplementation im-
proved growth performance but to a great extent 
in birds fed SBM-44%. Specifically, β-mannanase 
improved BW and FCR by 1% and 3% in hens 
and 2.5% and 4% in toms, respectively (Odetallah 
et  al., 2002). β-mannanase has also been demon-
strated to improve growth, feed efficiency, and BW 
uniformity in 20 weeks old toms (Jackson et  al., 
2006). Corn DDGS is often incorporated in larger 
quantities in turkey feeding programs. Because of 
higher concentration of β-mannans (Table 1), the 
effects of supplementing β-mannanase in turkey 
diets containing corn DDGS have also been investi-
gated. β-mannanase improved live weight and feed 
efficiency in turkeys fed corn-SBM diet without 
or with 15% corn DDGS over 12 weeks (Jackson 
et  al., 2008). Supplemental β-mannanase had no 
effects on growth performance in turkey hens fed 
wheat/corn/pork meal/SBM without or with 30% 

wheat DDGS from hatch to 21 days of age (Opoku 
et al., 2015b). However, β-mannanase improved ni-
trogen retention and AME in diets without wheat 
DDGS but had negative effects on these param-
eters in diets with wheat DDGS (Opoku et  al., 
2015a). In a follow-up study, turkey hens were fed 
wheat/corn/pork meal/SBM plus 30% wheat DDGS 
without or with β-mannanase for 72 days (Opoku 
et al., 2015b). There were no diet effects on growth 
performance and mortality throughout the entire 
study. However, birds fed β-mannanase had higher 
nitrogen retention compared with the control birds 
(Opoku et al., 2015b). As earlier discussed, a greater 
portion of β-mannans in wheat and corn DDGS is 
likely due to residual yeast and therefore unrespon-
sive to commercially available feed β-mannanase.

Laying Hens

Two Hy-Line strains (W36 and W77) were fed 
high and low AME corn-SBM diets from 18 through 
66 weeks of age (Jackson et al., 1999). There was no 
interaction between β-mannanase, diet energy level, 
and strain on egg production. Independent of diet 
energy level and strain, birds fed β-mannanase had 
higher hen-day production from 30 weeks of age 
to the end of the experiment (Jackson et al., 1999). 
Although FCR was not reported, β-mannanase 
birds showed higher feed intake between 43 and 54 
weeks but there was no diet effect on BW (Jackson 
et al., 1999). The authors opined that insulin-driven 
metabolism explained increased feed intake and 
corresponding increase in egg production. β-man-
nanase improved FCR in laying hens fed a low en-
ergy corn-SBM diet (−120 kcal/kg AME) to the 
level of control hens fed diet with adequate AME 
over a 12-week study (Wu et al., 2005). Moreover, 
β-mannanase increased average egg production and 
egg mass of hens in weeks 5 to 8 but had no ef-
fects on mortality, BW, and BW uniformity. β-man-
nanase improved FCR due to reduced feed intake 
and larger eggs in 65-week old Lohmann LSL hens 
fed barley-SBM-based diets (Torki et  al., 2016). 
However, there was no diet effect on egg produc-
tion rate, mortality, and BW over the 8-week trial 
(Torki et  al., 2016). Supplementation of β-man-
nanase in corn-SBM diets without or with 4% or 
8% guar meal improved FCR in Hy-Line W-36 
hens in the second cycle (98 weeks old), which was 
linked to reduced feed intake but not egg produc-
tion rate or egg weight (Hasani et al., 2019). Hy-line 
brown (84 weeks old) laying hens were fed high or 
low (−100 kcal/kg) AME corn/wheat/SBM/DDGS 
diets without or with β-mannanase added in low 
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AME diet at two levels (0.04% and 0.08%; Kim 
et al., 2017c). The 4-week trial showed no dietary 
effects on egg production, egg weight, feed intake, 
FCR, BW, and nitrogen retention. However, hens 
fed low energy diet with 0.08% β-mannanase had 
similar AMEn to hens fed the high energy diet. 
There was no interaction between supplemental 
β-mannanase (0% or 0.04%) and dietary AME con-
centration (2,650, 2,750, or 2,850 kcal/kg) on egg 
production, gross energy, and nutrient retention in 
68-wk-old Hy-line brown layers (Shim et al., 2018). 
However, the hens fed β-mannanase had higher 
egg production, egg mass, and retained more gross 
energy and crude protein. Supplemental β-man-
nanase (800,000 U/kg) in lower AME and crude 
protein diets resulted in comparable egg production 
and egg mass to high AME and crude protein diets 
during early (30 weeks) and late (>62 weeks) laying 
cycle in Hy-Line brown laying hens (Zheng et al., 
2020). The effect of dietary β-mannans (1.05% 
vs. 2.33%) and supplemental β-mannanase (0%, 
0.04%, and 0.08%) was investigated for 8 weeks in 
52-wk-old Hy-line brown hens (Ryu et  al., 2017). 
There was no interaction between β-mannans and 
β-mannanase on egg production, egg weight, egg 
mass, feed intake, and FCR. However, β-mannans 
increased feed intake and the two β-mannanase 
doses equally improved egg production, egg weight, 
egg mass, and FCR (Ryu et al., 2017). The effects of 
β-mannanase were linked to improved retention of 
DM, crude protein and β-mannans and concentra-
tion of blood glucose. Thus, overall, the increased 
egg production in hens fed diets supplemented with 
β-mannanase could be linked to improved energy 
availability and metabolism.

Dietary β-mannanase supplementation in-
creased egg weight at early stages of production 
(18–30 weeks of age) in Hy-line brown hens but 
had no impact on egg specific gravity throughout 
the 66-wk trial (Jackson et al., 1999). In contrast, 
β-mannanase did not have an effect on egg quality 
measurements (egg specific gravity, egg weight) in 
98-wk-old Hy-Line W-36 hens in the second cycle 
of laying (Wu et  al., 2005). Similarly, there was 
no effect of diet on indices of egg quality (Haugh 
unit, yolk color, shell weight, and thickness) in 
65-wk-old LSL lite hens fed barley-based diets 
without or with β-mannanase (Torki et al., 2016). 
Interestingly, β-mannanase increased egg yolk 
cholesterol and blood triglyceride in laying hens in 
the second cycle of laying (Hasani et al., 2019). Egg 
yolk color, Haugh unit, eggshell color, and strength 
was similar in 84-wk-old Hy-line brown hens fed 
high AME diet or low AME diet supplement with 

0.04% and 0.08% β-mannanase (Kim et al., 2017c). 
However, hens receiving a low AME diet with 
0.04% β-mannanase had thicker eggshells than 
hens fed other diets. Supplemental β-mannanase 
(800,000 U/kg) had no effects on egg quality meas-
ures (shell color, thickness, strength, yolk color, and 
Haugh unit) during early and late lay in Hy-line 
brown hens (Zheng et al., 2020).

Sows

Lactating sows have the challenge of adequate 
feed intake to support nutrient requirements for 
maintenance, growth, and milk production (NRC, 
2012). Overcoming factors that may limit feed in-
take during lactation will reduce BW loss, improve 
litter weight gain, and future sow reproductive per-
formance. While increasing nutrient density may 
overcome poor feed intake in lactating sows, this 
approach increases feed cost. An alternative is to 
use fibrous feed ingredients from ethanol, milling, 
and vegetable oil industries. However, use of these 
feedstuffs requires use of fiber degrading enzymes 
for effective utilization. Lactating multi-parous 
sows were fed corn-SBM diet containing 2% palm 
kernel meal and 8% corn DDGS without and with 
two levels of β-mannanase (400 and 800 U/kg; 
Kim et al., 2018). β-mannanase prevented BW loss 
during lactation, however, the diets had no effect 
on lactation backfat loss and feed intake, wean to 
estrus interval and litter performance (Kim et al., 
2018). In a second experiment within the same 
study, lactating multi-parous sows were fed corn-
SBM diet containing 2% palm kernel meal and 8% 
corn DDGS, formulated for 3,300 or 3,350 kcal/
kg metabolizable energy (ME) and fed without or 
with or 400 U/kg of β-mannanase. There was no 
interaction between ME level and β-mannanase 
on sow and litter performance or main effects on 
litter performance. However, sows fed high ME and 
β-mannanase diets had lower lactation BW loss 
and higher milk fat content (Kim et al., 2018). Sows 
fed β-mannanase had higher total tract digestibility 
of dry matter and gross energy, suggesting improve-
ments in nutrient utilization.

Nursery and Finishing Pigs

For the purpose of the meta-analyses, the ef-
fects of β-mannanase on growth performance were 
categorized in nursery (wean to ≥30  kg BW) and 
growing finishing (≥ 30 kg BW to slaughter) pigs. 
There were only eight comparisons for the nur-
sery pig performance, reflecting the low number 
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of published articles (Supplementary Table S2). 
There was no (P  =  0.237) effect of β-mannanase 
on ADFI in nursery pigs (Figure 5A). The mean 
MD of ADFI was −5.7 g/d with 95% CI of (−14.9; 
4.4). However, supplemental β-mannanase im-
proved ADG (Figure 5B) and G:F (Figure 5C) in 
nursery pigs. The mean MD of ADG and G:F was 
10.8 g/d (P = 0.0005; 95% CI of 6.6; 15.0 g/d) and 
13.8 g/kg (P = 0.027; 2.1; 25.4 g/kg). In grow-fin-
ish pigs, β-mannanase had no effect (P = 0.292) on 
ADFI; the mean MD was −3.73  g/d; 95% CI of 
−10.8; 3.37 g/d; Figure 6). β-Mannanase improved 

(P  <  0.0001) ADG and G:F in grow-finish pigs 
(Figures 7 and 8). The mean MD for ADG and G:F 
was 20.68 g/d (17.15; 24.20 g/d) and 8.77 g/kg (6.32; 
11.23 g/kg) respectively (Figures 7 and 8). Based on 
the NRC estimate that a 25 kg growing pig gaining 
an average of 861 g/d will reach 135 kg BW, it fol-
lows that a pig fed β-mannanase will be between 
2.1 and 3  kg heavier at lower feed consumption. 
Comparatively, the available data seems to sug-
gest the magnitude of β-mannanase on growth was 
larger in grow-finish pigs than nursery pigs. Overall, 
this indicated that pigs fed β-mannanase will attain 

Figure 5. Forest plots showing mean difference effect and confidence interval of β-mannanase supplementation on average daily feed intake 
(ADFI, g/d), average daily gain (ADG, g/d), and gain efficiency (G:F, g/kg) in nursery pigs.
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market/slaughter weight faster and with less feed 
consumption. Younger pigs have a limitation on 
feed consumption due to gut capacity (Nyachoti 
et al., 2004) and there is an expectation they would 
benefit more from feed enzyme supplementation. 
However, with respect to β-mannanase responses, 
it appears the improvement seen in feed efficiency 
is due to increased growth rate and not feed intake. 
This might suggest enhanced nutrient utilization 
and metabolism linked to levels of β-mannans.

Studies involving corn-SBM diets indicated 
minimal impact of supplemental β-mannanase 
on growth performance in nursery and grow/fin-
ishing pigs. For example, β-mannanase in corn-
SBM diets improved growth performance in some 
studies (Pettey et  al., 2002; Bass et  al., 2010; Lv 
et al., 2013) but not in others (Jacela et al., 2010; 
Jo et al., 2012; Carr et al., 2014; Upadhaya et al., 
2016; Balamuralikrishnan et  al., 2018; Huntley 
et  al., 2020; Jang et  al., 2020a). The responses of 
supplemental β-mannanase have been much more 

consistent in corn-SBM diets containing additional 
β-mannans. In a series of four experiments, sup-
plemental β-mannanase (200–600 U/kg) improved 
ADG and blood glucose in growing-finishing pigs 
fed corn-SBM-based diets containing 10% to 15% 
corn DDGS (Yoon et  al., 2010). Improved ADG 
and G:F were also observed in growing-finishing 
pigs fed corn-SBM with 5% to 6% corn DDGS with 
0.05% β-mannanase (Wang et al., 2009; Bass et al., 
2010). Supplementing β-mannanase in corn-SBM 
diets formulated with corn DDGS or palm kernel 
meal or combination of corn DDGS and palm 
kernel meal improved ADG and G:F in growing-fin-
ishing pigs (Kim et al., 2013; Kim et al., 2017b; Jeon 
et al., 2019). A study in which DDGS and soy hulls 
were formulated in a corn-SBM diet failed to show 
positive effects of β-mannanase on growth per-
formance of finishing pigs (Cho and Kim, 2013). 
Incorporation of 10% to 25% copra meal in corn-
SBM diets with 0.10% β-mannanase had no im-
pact on growth performance of grow-finishing pigs 

Figure 6. Forest plots showing mean difference effect and confidence interval of β-mannanase supplementation on average daily feed intake 
(ADFI, g/d) in grow-finish pigs.
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(Kim et  al., 2017a). Supplemental β-mannanase 
(0.10%) improved ADG in grow-finishing pigs fed 
corn-SBM diets with 6% or 12% palm kernel meal 
compared to pigs fed control diet without palm 
kernel (Jang et al., 2020b). However, pigs fed corn-
SBM diet with 18% palm kernel meal with β-man-
nanase had poor ADG and ADFI compared with 
control without copra meal. This perhaps indicates 

an excess amount of β-mannans and bulkiness 
exceeding the gut capacity of the pig to eat more 
to maintain energy and nutrient intake. Feeding 
nursery pigs corn-SBM diet with 10% copra meal 
reduced ADFI and ADG but supplemental β-man-
nanase was not beneficial (Huntley et al., 2020). In 
the contrary, supplemental β-mannanase improved 
growth performance in nursery pigs fed corn-SBM 

Figure 8. Forest plots showing mean difference effect and confidence interval of β-mannanase supplementation on gain efficiency (G:F, g/kg) 
in grow-finish pigs.

Figure 7. Forest plots showing mean difference effect and confidence interval of β-mannanase supplementation on average daily gain (ADG, 
g/d) in grow-finish pigs.
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diet with 30% palm kernel meal (Diarra, 2017). As 
previously discussed, research in pigs has demon-
strated that β-mannans interfere with glucose me-
tabolism and insulin secretion rates. It has been 
suggested that the reduction in glucose absorption 
and circulating insulin growth factor I (IGF-I) con-
centrations due to presence of dietary β-mannans 
may be ameliorated by β-mannanase. Thus, ele-
vated blood glucose and circulating concentrations 
of IGF-I have been linked to the growth responses 
seen in pigs fed with β-mannanase (Pettey et  al., 
2002; Yoon et al., 2010; Kim et al., 2013; Kim et al., 
2017b).

Meta-analyses of available literature indi-
cated that supplemental β-mannanase improved 
(P < 0.001) ATTD of gross energy in pigs (Figure 
9). The mean MD improvement of ATTD of gross 
energy was 1.08% unit with 95% CI (0.90; 1.26). 
According to the NRC, a digestible energy (DE) of 
3,400 kcal/kg is recommended for growing pigs; it 
follows that supplemental β-mannanase will release 
between 30.6 and 42.8 kcal/kg of digestible energy. 

Dietary supplementation with β-mannanase can 
directly target β-1,4-mannans in feed ingredients 
and improve the nutrient digestibility (Pettey et al., 
2002; Yoon et al., 2010). Interaction was observed 
between SBM type (hulled and dehulled) and 
β-mannanase on ATTD of energy and crude pro-
tein in nursery pigs, with supplementation improv-
ing digestibility to a greater extent in nursery pigs 
fed a corn-based diet formulated with hulled SBM 
(Balamuralikrishnan et  al., 2018). In contrast, al-
though adding β-mannanase in a corn-SBM diet 
with 15% corn DDGS increased β-mannan digest-
ibility there was no improvement on ileal digest-
ibility of gross energy and crude protein (Tiwari 
et al., 2018). Similarly, β-mannanase had no effect 
on energy and nitrogen balance in nursery pigs 
fed corn-SBM plus 10% soyhulls diet (Huntley 
et  al., 2018). Supplementation of β-mannanase 
in corn diets formulated with hulled or dehulled 
SBM had no effect on ATTD of gross energy and 
crude digestibility in growing pigs (Jo et al., 2012; 
Upadhaya et  al., 2016). Similarly, supplementing 

Figure 9. Forest plots showing mean difference effect and confidence interval of β-mannanase supplementation on apparent total tract digest-
ibility (ATTD) of gross energy (%) in grow-finish pigs.
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β-mannanase in corn-SBM with 6% DDGS did not 
affect ATTD of nutrients in growing-finishing pigs 
(Wang et  al., 2009). However, growing-finishing 
pigs may benefit from supplemental fiber degrad-
ing enzymes when fed higher levels of fibrous feed-
stuffs rich in β-mannans. Jeon et al (2019) used a 
semi-purified diet containing corn, wheat, SBM, 
corn DDGS, and palm kernel meal to investigate 
the impact of supplemental β-mannanase on di-
gestible energy content. A significant response was 
only noted for palm kernel meal; however, the DE 
between control and treated was 33, 35, 33, 43, and 
72 kcal/kg for corn, wheat, SBM, corn DDGS, and 
palm kernel meal, respectively (Jeon et  al., 2019). 
This suggested a stronger response of β-mannanase 
as dietary β-mannans increased. Growing-finishing 
pigs fed β-mannanase in corn-SBM diets containing 
10% to 15% corn DDGS had improved ATTD of 
dry matter, crude protein, gross energy (Yoon et al., 
2010). Supplementing β-mannanase in corn-SBM 
diets with corn DDGS or palm kernel meal or corn 
DDGS and palm kernel meal improved ATTD of 
gross energy in growing-finishing pigs (Kim et al., 
2013, 2017b; Jeon et al., 2019). It has been shown 
that β-mannanase improved nutrient digestibility 
in pigs fed corn-SBM diets containing up to 12% 
palm kernel meal (Mok et  al., 2013, 2015; Jang 
et  al., 2020b). However, supplemental β-mannan-
ase did not improve energy and nutrient digest-
ibility in pigs fed corn-SBM diets containing more 
than 15% palm kernel meal (Kwon and Kim, 2015; 
Jang et al., 2020b). Formulating 10% to 25% copra 
meal in corn-SBM diets with 0.10% β-mannan-
ase linearly reduced ATTD of crude protein in 
grow-finishing pigs (Kim et  al., 2017a). Whereas, 
supplemental 0.05% β-mannanase did not improve 
ATTD of energy in corn-SBM diet formulated with 
combination of DDGS (6%) and soy hulls (2%; 
Cho and Kim, 2013). These studies suggested there 
is a limitation for overcoming the negative effects of 
β-mannans on nutrient digestibility.

Conclusions and Future Perspectives

Feed represents more than 60% of the variable 
cost of producing pork and poultry products with 
provision of dietary energy and protein (amino 
acids) representing more than 90% of this cost. In 
the context of burgeoning human population and 
attendant demand for food, feed supply is chal-
lenged by limited availability of natural resources, 
climate change pressure, and food-feed-biofuel 
competition. Monogastric animals are increasingly 
being fed significant quantities of cost-effective 

alternative high fiber feedstuffs unacceptable for 
human consumption. Moreover, the sector is under 
pressure to produce animal food products in ways 
that are ethical, environmentally sustainable, and 
wholesome. For example, animal agriculture uses a 
significant amount of antibiotics for therapy, pre-
vention of bacterial infection, and growth promo-
tion. There are growing concerns around the world 
on indiscriminate use of antibiotics and linkage to 
the emergency of antibiotic-resistant human and 
animal pathogens. The actions taken by regulatory 
bodies, producers, and consumers will eliminate or 
reduce the total use of antibiotics in poultry and 
pig production placing greater emphasis on dietary 
strategies for promoting and maintaining healthy 
and functional GIT. The dietary fiber fractions vary 
widely among feedstuffs; however, they can be con-
sidered alike from a nutritional viewpoint as they are 
not degraded sufficiently or indeed at all by the con-
ditions and the repertoire of endogenous digestive 
enzymes in the monogastric upper gut. The conse-
quences of variable and low nutrient digestibility 
range from economic through increased feed costs, 
proliferation of pathogens in the gut, poor feed ef-
ficiency to ecological through nutrient loading and 
emissions into the environment. Moreover, β-man-
nans induce FIIR leading to increased use of nu-
trients and energy for non-productive purposes. 
The current review revealed that supplemental 
β-mannanase improved animal performance (egg 
production, growth, FCR, reduction of BW loss 
in lactating sows) linked to increased nutrient and 
energy digestibility. Moreover, investigations have 
indicated that supplemental β-mannanase can re-
duce FIIR with implications for improved energy 
utilization efficiency. However, there is still vari-
ability in the data that require further investiga-
tions. Evolving the utility of β-mannanase in feed 
programs will be driven by understanding of its 
implications to animal nutrition and gastrointes-
tinal physiology. For example, the GIT is populated 
with diverse assemblages of microbiota that play a 
critical role not only for the overall well-being of 
the animal, but also for its nutrition, performance, 
and quality of its products. In this context, there is 
a clear need to understand the role of β-mannan-
ase in influencing gut health through modulation 
of the gastrointestinal microbiota. This is particu-
larly important as the industry gears toward redu-
cing antimicrobial usage. Moreover, much progress 
is warranted to achieve consistent enzyme efficacy, 
including an improved understanding of the utiliza-
tion and energetic contribution of fiber hydrolysis 
products. Unraveling the relation between specific 
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β-mannanase hydrolysis products and gastrointes-
tinal development, immunity, and microbial colon-
ization will help to develop nutritional strategies to 
steer gastrointestinal health and function for en-
hanced performance, especially under suboptimal 
environmental conditions and antibiotic-free feed-
ing programs.
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