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Introduction

Piglet post-weaning diets are by far the most expensive diets in 
the swine industry, mainly due to the need to reduce Post-Weaning 
Diarrhea (PWD) and optimize growth performance by including 
highly digestible feed ingredients with low content of antinutritive 
factors. It would therefore be economically advantageous, if some of 
the expensive protein sources that are generally considered necessary 
in diets for newly weaned piglets could be substituted with soy bean 
meal (SBM). Unfortunately, SBM contains several antinutritive 
factors, and β-mannan is one of them, which also is found in many 
other common feed ingredients [1], that have received increasing 
attention in recent years. β-Mannans are linear polysaccharides with 
a backbone mainly composed of repeating units of β-1,4-mannose 
and α-1,6-galactose and/or glucose units attached to the backbone 
[2,3]. They are considered unsuitable for young piglets due to their 
antinutritive properties, mainly due to stimulation of the innate 
immune response. The innate immune cells identify pathogens using 
distinct molecules, called pathogen associated molecular patterns 
(PAMP), expressed on the pathogen surface [4]. Binding of PAMP 
to pathogen recognition receptors (PRR), present on innate immune 
cells, results in the release of innate defense molecules such as reactive 
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oxygen and nitrogen species, bacteriolytic enzymes, antimicrobial 
peptides and complement proteins [5]. These PAMP include complex 
polysaccharides such as β-mannan [4]. Therefore, β-mannans from 
feed can create a false signal about the presence of pathogens in the 
gut, that elicits an unwarranted immune activation [6,7], which is also 
known as a feed induced immune response (FIIR). The recognition 
of β-mannans elicits a futile immune response that causes energy and 
nutrients to be wasted [3]. Hydrolysis of these β-mannans by dietary 
inclusion of an exogenous β-mannanase enzyme can reduce and 
potentially eliminate their ability to induce FIIR.

Supplementation of β-mannanase to low- and high-mannan 
diets has the potential to improve the performance of growing pigs 
[8]. Moreover, ingredients with high β-mannan content like palm 
kernel meal (PKM) or copra meal may partially replace SBM without 
reducing pig performance if β-mannanase is supplemented to the 
diet [8,9]. Some researchers have suggested that the improved pig 
performance following β-mannanase supplementation to corn-SBM-
PKM diets might be due to increased ileal digestibility of different 
amino acids [10-12]. Others concluded that β-mannanase improved 
growth performance in both weanling and growing-finishing pigs on 
corn-SBM diets [13-15] with minimal effects on nutrient digestibility 
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[14]. Innate immune activation is accompanied by down-regulation of 
anabolic functions [16], which translates into a reduced performance 
capacity. Understanding energy and nutrient partitioning in immune-
stressed piglets may provide more insights into the effects of FIIR 
activation by β-mannans from feed.

The objective of the current study was to evaluate the effects of 
β-mannanase supplementation to nursery diets with reduced content 
of expensive, high quality proteins on performance of nursery piglets 
in the presence of a natural E. coli PWD infection.

Materials and Methods

Description of Experimental Farm

The trial was performed in a post-weaning facility receiving 
batches of piglets (n = 160) from the same sow farm in Flanders 
(Belgium), operated with a 4-week batch-management system. 
The post-weaning facility is managed on all-in/all-out basis in all 
production phases. This management approach improved the health 
status for several respiratory pathogens [17].

Piglets were weaned at 21 days of age, and immediately transported 
to a specifically equipped post-weaning facility, where they were raised 
for 47 days post-weaning (dpw). The post-weaning facility was equipped 
with 2 compartments, each with 16 pens of 10 piglets with one central 
inspection aisle. Every pen was equipped with a dry feeder, a separate 
waterer, and fully slatted plastic floors. Heating was provided by hot 
water tubes on the ceiling and ventilation was performed through one 
evacuation ventilator positioned centrally in the compartment. Fresh 
air entered into the compartment through a system of door ventilation 
following a passage through a central corridor.

Experimental Design

Treatment Groups and Feeding Regimen

Two experimental treatments were used, where T-1 (Control) 
received the standard diets and T-2 (Enzyme) received the adapted 
nursery diets. A 2-phase feeding program with two basal mash diets 
was used: a common commercial diet, and a similar adapted diet with 
300 g/tonne of a heat-tolerant endo-1,4-β-mannanase (Hemicell HT 
Dry; Elanco), where expensive protein sources were partially replaced 
with extruded SBM in phase 1. The β-mannanase enzyme was added 
on top in phase 1 and formulated to provide 63kcal/kg NE in phase 2. 
The composition and nutrient content of the diets are given in Tables 
1 and 2. The phase 1 diets were offered from days 1-21 and phase 2 
from days 22-47.

Study Animals

Two batches of 160 newly weaned piglets were allocated to 
treatment by weight and sex. Castrated males and females were 
penned separately. The same number of castrated male and female 
piglets were allocated to both treatment groups. All piglets were ear 
tagged with individual identification numbers.

Data Collection

Pigs were evaluated daily and any unusual observations were 
recorded, including but not limited to altered behavior and disease.

Phase 1 Phase 2

Composition (%) Control Enzyme Control Enzyme

Wheat 32.00 32.00 33.42 26.75

Barley 19.82 18.94 25.00 25.00

Wheat gluten feed - - 0.00 5.00

Danex GGO-F (extruded SBM) 10.00 8.00 - -

Soya 48 7.74 9.88 18.74 17.58

Corn 7.50 7.50 10.00 10.00

Rice feed meal - - 3.00 3.00

Whey powder, sweet 6.00 6.00 - -

Rape seed meal - - 1.47 2.00

Corn, extruded 5.00 5.00 - -

Potato protein 2.00 1.85 - -

Wheat milling byproduct (15,3% CP; 8,4% 
CF; 21% starch) - - 0.00 2.43

Beet pulp 2.00 2.00 2.00 2.00

Spelt bran 2.00 2.00 2.00 2.00

Soy oil 0.39 0.91 0.34 0.00

Fish oil 0.50 0.50 - -

Fatty acids 30% linoleic acid - - 0.50 0.50

Premix, enzymes, amino acids, acids, salt 5.05 5.12 2.97 2.91

Monocal - - 0.31 0.28

Limestone - - 0.25 0.24

Hemicell HT (10%) 0.00 0.30 0.00 0.30

Table 1: Composition of the diets.

Phase 1 Phase 2

Nutrient content Control Enzyme Control Enzyme

Crude protein (%) 17.74 17.69 17.50 17.50

Crude fat (%) 4.82 4.97 3.50 3.58

Crude fibre (%) 4.12 4.11 4.38 4.81

Crude ashes (%) 4.53 4.55 4.34 4.49

Sugar (%) 5.59 5.62 3.71 4.00

Starch (%) 38.65 38.16 42.17 39.51

NE content (kcal/kg) 2450 2,450 2,400 2,337

Lysine, total (%) 1.37 1.37 1.19 1.19

Methionine, total (%) 0.50 0.50 0.38 0..39

Lysine, digestible (%) 1.13 1.13 0.96 0.96

Methionine & Cysteine, digestible (%) 0.66 0.66 0.56 0.56

Methionine, digestible (%) dv VARK 0.44 0.44 0.32 0.32

Threonine, digestible (%) 0.71 0.71 0.61 0.61

Trypsin, digestible (%) 0.23 0.23 0.23 0.23

Isoleucine, digestible (%) 0.57 0.57 0.55 0.54

Leucine, digestible (%) 1.07 1.07 1.03 1.01

Valine, digestible (%) 0.74 0.74 0.63 0.63

Calcium (Ca; %) 0.60 0.60 0.60 0.60

Phosphor, total (P; %) 0.52 0.52 0.49 0.49

Phosphor, digestible (P; %) 0.38 0.38 0.30 0.30

Sodium (Na; %) 0.23 0.23 0.20 0.20

Magnesium (Mg; S) 0.17 0.17 0.18 0.20

Potassium (K: %) 0.77 0.77 0.74 0.77

Chlorine (Cl; %) 0.36 0.36 0.28 0.28

Na+K-Cl (meq/kg) 19.65 19.79 19.90 20.72

Table 2: Calculated nutrient content of the diets.
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Normal performance data were collected such as bodyweight on 
day 1 (trial start), day 21 (end phase 1) and day 49 (end of trial). General 
clinical score (GCS) and fecal clinical score (FCS) were assessed 
weekly from day 4 until the end of the trial (day 47) and described by 
pen. GCS or general pig appearance was scored on a scale from 1-8 
with 1 rated as poor and 8 as excellent. FCS or diarrhea scores were 
assessed for each pen by scoring five droppings per pen based on the 
criteria shown in Table 3. Feed allocation was recorded daily as feed 
bags of 25 kg were added to the feeders, and assumed to equal feed 
intake. Average daily weight gain (ADWG), feed intake (FI), and feed 
conversion ratio (FCR) were calculated for each feeding period and 
overall. No veterinary treatments were needed during the duration of 
the trial. No adjustments for mortality and culls were performed, since 
mortality was below 2.0% and no culls occurred during the trial.

Statistical Analysis

Feeder was the experimental unit for data collected related to 
ADWG, FCR FI, FCS and GCS. The data were examined for outliers 
(defined as results that deviate from the mean by over 3 standard 
deviations), and none were found. The performance results were 
analyzed for differences between treatment groups by ANOVA using 
JMP version 14.0.

Results

Piglet Weight and Average Daily Weight Gain

Piglets were weaned at 21 days of age and an average weight of 5.73 
kg (± 0.06) and were randomly distributed on two treatment groups. 
At the end of phase 1 weighing (day 21), T-1 piglets were slightly, but 
not-significantly (P > 0.05) lighter compared to T-2 piglets (10.02 ± 
0.12 kg vs. 10.25 ± 0.13 kg, respectively). The final weight differed by 
only 100 g (23.33 ± 0.26 kg vs. 23.43 ± 0.29 kg, respectively) and was 
not significantly different (P > 0.05) (Figure 1).

Average daily weight gain in phase 1 was 12 g/d lower in T-1 piglets 
compared to T-2 piglets. In phase 2, T-2 piglets grew a little slower with 
7 g/d lower ADWG as compared to T-1. Average daily weight gain was 
not significantly (P > 0.05) different between treatments (Figure 2).

Feed Intake and Feed Conversion Rate

Feed intake in T-1 piglets was 17 g/d lower in phase 1 and 3 g/d 
higher in phase 2 as compared to T-2 piglets. However, the differences in 
FI were not significant (P < 0.05) between treatment groups (Figure 3).

Feed conversion rate in phase 1 did not differ significantly between 
treatment groups (1.32 ± 0.012 and 1.33 ± 0.017 for T-1 and T-2 piglets 
(P > 0.05), respectively). In phase 2, FCR in T-2 piglets (1.67 ± 0.012) 
was slightly, but not significantly higher (P > 0.05) as compared to T-1 
piglets (1.65 ± 0.017) (Figure 4).

Pen fecal Clinical Score and General Clinical Score

Pen FCS was collected weekly for each individual pen from 4 to 47 
dpw. No differences were found in FCS between treatments, neither in 
weekly average pen FCS, nor in pen FCS, expressed as  area under the 
curve (AUC) (P > 0.05).

Pen GCS was collected weekly from 4 to 47 dpw. Weekly average 
pen GCS (mean ± SEM) is given in Figure 5. Pen GCS, expressed as 
AUC, was significantly better (P < 0.05) in the Enzyme-treated group 
as compared to the Control group.
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Figure 1: Individual piglet weight (kg; mean ± SEM) at weaning (Start), intermediate 
weighing (End phase 1; 21 dpw), and end of the trial (Final; 47 dpw). No significant 
differences (P > 0.05) between groups could be observed.
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Figure 2: Average daily weight gain (g/d; mean ± SEM) in phase 1 (0-21 dpw) and phase 
2 (22-47 dpw). No significant differences (P > 0.05) between groups could be observed.
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Figure 3: Piglet feed intake per phase (kg/piglet; mean ± SEM) in phase 1 (0-21 dpw), and 
phase 2 (22-47 dpw). No significant differences (P > 0.05) between groups could be observed.

Score Interpretation Clinical aspect
0 Normal Normal fecal consistency
1 Pasty to mild Soft pasty consistency with more particles than fluid
2 Moderate to severe More fluid than particles

Table 3: Comprehensive description of the pen fecal clinical score with its interpretation 
and clinical aspect of the fecal clinical score (adapted from [18,19]).
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Mortality and Antimicrobial Treatment

No mortality and no culls were recorded during the trial. Antimicrobial 
treatment was not necessary during the duration of the trial.

Discussion

In the current study, we substituted a part of the most expensive 
protein sources (patato protein concentrate and Danex GGO-F) with 
dehulled SBM (soya 48) in phase 1, and wheat was partially substituted 
with wheat gluten feed and wheat milling byproduct in phase 2. The 
basal diets were estimated to have similar and relatively high soluble 
β-mannan content of 0.30% in phase 1 and 0.33% in phase 2, a known 
antinutritive factor [1], which may stimulate an innate immune 
response through their resemblance with PAMPs [4]. This activation 
has been called FIIR and leads to an unnecessary immune activation, 
which causes energy and nutrients to be wasted [3]. The current results 
from phase 1 revealed no differences between treatments in piglet 
weight, FI, ADWG or FCR. The results confirmed that the adapted 
diet with an exogenous β-mannanase and lower content of expensive 
protein sources performed equal to the standard diet used in phase 1. 
These results are in accordance with other recent studies [8].

In phase 2, the Enzyme-treated diet was formulated to contain 63 
kcal/kg NE less than the control diet, which reduced the inclusion of 

soya oil from 0.34% to 0%. Again, in phase 2 only minor numerical 
performance differences were observed between treatments. The overall 
result therefore confirmed that the addition of β-mannanase to diets 
formulated with reduced content of expensive protein sources in phase 
1 and about 3% lower dietary net energy content in phase 2 allowed 
performance to be maintained. Others concluded that β-mannanase 
improved growth performance in both weanling and growing-finishing 
pigs on corn-SBM diets [13-15]. The energy sparing effect observed 
in phase 2 has also been observed by others. Supplementation of 
β-mannanase to common nursery diets resulted in similar performance 
as comparable diets with 2% added soya oil [14]. In our study, a further 
substitution of potato protein with a cheaper protein source, would likely 
have been possible. Nevertheless, from a commercial perspective, equal 
piglet performance on diets with 63 kcal/kg lower net energy content in 
phase 2 is an attractive option for the animal feed industry [20].

In conclusion, the current study suggests that the use of an 
exogenous heat-tolerant β-mannanase allowed reduced levels of 
expensive protein sources to be used in the first diet fed post-weaning, 
and 63 kcal/kg lower net energy content to be used in the second diet 
without loss of performance or adverse effects on intestinal health. In 
fact, the general clinical score was significantly improved on the diets 
with β-mannanase.
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