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ABSTRACT:

The objective was to evaluate the effects of dietary mannan and [-mannanase
supplementation on growth performance and serum acute phase proteins in nursery pigs. Pigs (n
= 480) were blocked by initial BW (6.6 = 0.4 kg) and 12 pens per treatment were randomly
assigned to 1 of 4 treatments in a 2 x 2 factorial arrangement for 28 d. Two levels of dietary mannan
(0.4% vs 2.8%) were offered with and without 0.05% endo-1,4--mannanase. Serum was collected
(1 pig/pen) for haptoglobin and C-reactive protein (CRP) analysis on d 0 and d 28. There were no
significant interactions between mannan level or -mannanase supplementation. High mannan
decreased ADG (P = 0.027) and ADFI (P = 0.024) compared to low mannan diets with no effect
of B-mannanase (P > 0.10). Haptoglobin and CRP were not affected by mannan level or B3-
mannanase supplementation (P > 0.160). Therefore, dietary -mannans as high as 2.8% did not
induce a systemic innate immune response. Thus the levels of B-mannan found in practical diets
(<2%) are unlikely to induce an immune response, so supplementation with f-mannanase to avoid

this response is not warranted.
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INTRODUCTION

Certain dietary carbohydrate components, such as B-mannans, have been hypothesized to
induce innate immune system activation by mimicking bacterial cell wall structures (Zhang and
Tizard 1996; Duncan et al. 2002; Gazi and Martinez-Pomares 2009). Beta-mannans are found in
feed ingredients such as soybean meal (SBM), palm kernel meal, and copra meal in varying
concentrations (Shastak et al. 2015). If feed-induced immune stimulation occurs, it may partition
less dietary energy toward productive processes such as growth (Huntley et al. 2018). Exogenous
B-mannanase enzymes have been developed to inhibit this innate immune stimulation. In poultry,
B-mannanase supplementation decreased serum acute phase proteins (APP), thus ameliorating
systemic inflammatory stress in broilers (Anderson et al. 2008). However, this response has yet to
be demonstrated in pigs.

Beta-mannanase supplementation responses in pigs have been variable (Pettey et al. 2002;
Yoon et al. 2010; Lv et al. 2013; Carr et al. 2014). Previous research in our laboratory evaluated
B-mannanase supplementation in a corn, SBM, and soy hulls-based diet and found no effects on
diet digestibility, nitrogen balance, maintenance energy requirements, or systemic innate immune
response variables (Huntley et al. 2018). These results did not support the hypothesis, supported
by studies in poultry (Arsenault et al., 2017), that f-mannanase supplementation ameliorates an
innate immune response induced by soybean B-mannans at a concentration of 1.3% of the diet. It
is possible, however, that this concentration was insufficient to either effectively generate a
systemic inflammatory response or to be able to measure the effects of P-mannanase
supplementation. To test this hypothesis, the objectives of this study were to 1) evaluate the

hypothesis that f-mannans induce an innate immune response, and 2) evaluate the impact of the
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dietary concentration of B-mannans and B-mannanase supplementation on serum APP, as

indicators of systemic immune activation, and on growth performance in nursery pigs.

MATERIALS AND METHODS

All experimental procedures adhered to guidelines for the ethical and humane use of
animals for research according to the Guide for the Care and Use of Laboratory Animals (8th
edition, National Academies Press) and were approved by the Iowa State University Institutional
Animal Care and Use Committee (IACUC #5-16-8263-S).
Animals, Housing, and Experimental Design

A total of 480 weanling pigs (6.6 = 0.4 kg BW; Genetiporc 6.0 x Genetiporc F25, PIC,
Inc., Hendersonville, TN) were purchased and transported to the Iowa State University Swine
Nutrition farm. Upon arrival, pigs were individually weighed, ear-tagged, and vaccinated for
porcine reproductive and respiratory syndrome virus, and Escherichia coli. Pigs were blocked by
initial weight and pens were randomly assigned to 1 of 4 dietary treatments. There were 10 pigs
per pen and 12 pens per treatment. Sexes were not separated but there were the same number of
barrows and gilts per treatment within each block.
Diets and Feeding

Pens (1.2 m x 2.4 m) had a four-space self-feeder and 2 nipple waterers to provide ad
libitum access to feed and water. Pigs were fed a common diet for 7 d post weaning; the
experimental diets were then fed in mash form in 3 phases over 28 d. Phases 1 and 2 each were
offered for 7 d each and phase 3 for 14 d. Diets were formulated to meet or exceed NRC (2012)
nutrient recommendations and were formulated to provide equal ME:SID lysine concentrations.

Treatments were arranged as a 2 x 2 factorial of dietary B-mannan level (low or high) and B-
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mannanase supplementation (positive or negative). Two levels of dietary mannan were achieved
by replacing a proportion of the corn and soybean meal used in the low mannan diet (0.4% B-
mannan) with copra meal for a high mannan diet (2.8% p-mannan; Table 1).

The nutrient profile of the experimental diets is presented in Tables 2 through 4. To avoid
confounding, diets were formulated to be isocaloric on an ME basis and also to contain the same
levels of essential amino acids as well as calcium and phosphorus.

Diet p-mannan concentration was determined based on ingredient [-mannan
concentrations (Bach Knudsen 1997; Hsiao et al. 2006; Sundu et al. 2012). Beta-mannanase
(Hemicell HT-1.5, Elanco Animal Health, Greenfield, IN; endo-1,4-B-mannanase (EC 3.2.1.78;
237 x 10° units/kg) from Bacillus lentus) was supplemented at 0.05% of the diet, slightly above
the manufacturer’s recommendations. One f-mannanase unit of activity was defined as the amount
of enzyme that generates 0.72 pg of reducing sugars per min from a mannose-containing substrate
at pH 7.0 and 40°C.

Sample Collection

Pig BW and feed intake were measured on d Oand 28 of the experiment to calculate overall
ADG, ADFI, and G:F. On d 0 (baseline) and d 28, serum was collected from 1 barrow per pen (the
same pig at each time point) via jugular venipuncture. Blood was allowed to clot and serum was
separated by centrifugation (2000 x g for 15 min at 4°C), collected and divided into two
subsamples, and stored at -80°C until analysis. Diet subsamples were collected during
manufacture.

Analytical Methods
Diets were ground to 1 mm particle size and analyzed in duplicate for DM (method 930.15)

and acid-hydrolyzed ether extract (aEE; method 2003.06) using standard methods (AOAC 2007);
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and in triplicate for NDF (Van Soest and Robertson 1979) and ADF (Goering and Van Soest 1970).
Diets were analyzed in duplicate for nitrogen (N; method 990.03 (AOAC 2007); TruMac; LECO
Corp., St. Joseph, MI). An EDTA sample (9.56% N) was used as the standard for calibration and
was determined to contain 9.55 + 0.01% N. Crude protein was calculated as N x 6.25. Gross energy
was determined in duplicate using an isoperibol bomb calorimeter (model 6200; Parr Instrument
Co., Moline, IL). Benzoic acid (6318 kcal GE/kg; Parr Instrument Co., Moline, IL) was used as
the standard for calibration and was determined to contain 6316 = 0.9 kcal GE/kg. Diets were
analyzed in duplicate for f-mannanase concentration (colorimetric determination, Elanco Animal
Health, Gaithersburg, MD).

Serum subsamples were analyzed in duplicate for haptoglobin and C-reactive protein
(CRP) using porcine specific commercially available ELISA kits according to the manufacturer’s
instructions (Immunology Consultants Laboratory, Inc., Portland, OR). The intra- and inter-assay
coefficients of variation for haptoglobin and CRP were 4.9 and 16.0%, and 3.6 and 9.9%,
respectively. Haptoglobin and CRP have been identified as primary acute phase proteins in swine
and increases in their serum concentrations are correlated with systemic inflammation and
response to disease (Chen et al. 2003; Eckersall and Bell 2010).
Statistical Analysis

Data were analyzed as a 2 x 2 factorial in a randomized complete block design to test the
main effects and interaction of dietary mannan level and B-mannanase supplementation. Data were
analyzed with pen as the experimental unit and block as a random variable using the MIXED
procedure of SAS (SAS Institute Inc., Cary, NC). Differences among treatments were determined
using ANOVA and means were separated using the least square means statement and the PDIFF

option. Serum APP data were log transformed and analyzed as repeated measures with compound
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symmetry covariance structure. Differences were considered significant if P was < 0.05 and a

tendency if P was > 0.05 and < 0.10.

RESULTS AND DISCUSSION

There were no significant interactions between mannan level and p-mannanase
supplementation. Pigs fed low mannan diets had greater ADG and ADFI compared to pigs fed
high mannan diets (P < 0.027), although feed efficiency did not differ (P = 0.653; Table 5). Beta-
mannanase inclusion did not impact BW or growth performance (P > 0.106). There is no way to
differentiate between the effect of mannans and the effect of copra meal; this is the nature of
research in which changes in ingredient composition of experimental diets is required to achieve
compositional differences between diets. The lower rate of gain and feed intake could have been
due to errors in the estimated energy and nutrient component of copra meal. If this is the case, it is
unlikely that energy content was incorrect due to the equivalence of feed efficiency across mannan
levels. While errors in the estimated digestibility of amino acids could be involved, a possibly
more likely explanation would be the physical bulk of the diet due to the high fiber content, which
could have exceeded the capacity of the pigs to eat more volume of feed to maintain energy and
nutrient intake. The fact that rate of gain and feed intake was impacted, but not feed efficiency,
suggests this is the most likely explanation (NRC, 2012).

In this experiment, f-mannanase supplementation did not improve growth performance in
either the high or low mannan diets. Similarly, other studies have reported no f-mannanase effects
on rate or efficiency of gain (Yoon et al. 2010; Carr et al. 2014; Upadhaya et al. 2016), or nutrient
and energy digestibility (Mok et al. 2015; Upadhaya et al. 2016; Huntley et al. 2018). Yet, others

have reported improvements due to f-mannanase supplementation (Pettey et al. 2002; Yoon et al.
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2010; Lv et al. 2013). Kim et al. (2017) reported that f-mannanase supplementation effectively
improved DM, GE, and B-mannan digestibility as well as growth performance, regardless of the
amount of B-mannan in the diet. More research is clearly needed to better understand the
circumstances in which B-mannanase supplementation is effective.

Serum APP concentrations were similar among treatments at baseline (P > 0.20). On d 28,
haptoglobin concentrations were lower (P < 0.0001; Fig. 1) and CRP concentrations were greater
(P <0.0001; Fig. 2) compared to baseline values, but neither were affected by mannan level or 3-
mannanase supplementation (P > 0.160). Beta-mannanase supplementation tended to increase
serum CRP in the high mannan diet (291 + 20 pg/ml) compared to the low mannan diet (243 £ 20
pg/ml) with no differences compared to when the enzyme was not supplemented (avg. =274 + 20
pg/ml; P=10.0791).

This experiment evaluated the interaction of dietary B-mannan level and -mannanase
supplementation on nursery pig growth performance and serum acute phase protein concentrations
and tested the hypotheses that dietary B-mannans induce an innate immune response in nursery
pigs and that B-mannanase supplementation alleviates this response (Anderson et al. 2008; Ferreira
et al. 2014). Understanding if, or how, this response occurs in pigs is important because when an
immune challenge is perceived, it can partition energy and nutrients away from productive
processes such as muscle growth and negatively impact the efficiency and cost of meat production
(Lochmiller and Deerenberg, 2000; Gabler and Spurlock, 2008; Huntley et al., 2018). B-mannan
in soybean, copra, and palm kernel meals resemble carbohydrate structures on pathogen surfaces
(Badia et al. 2012) and may induce an unproductive and undesirable innate immune response,

termed a feed-induced immune response (FIIR).
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Beta-mannans are components of hemicellulose in the plant cell wall and are linear
polysaccharides comprised of repeating B-(1,4)-linked D-mannose units with galactose and/or
glucose substitutions (Moreira and Filho 2008). Specifically, galactomannans (a-(1,6)-linked D-
galactose residues attached to mannose residues within the -(1,4)-mannan backbone) are the type
of mannans present in the endosperm of legume plant seeds such as soybeans (Moreira and Filho
2008). As a constituent of hemicellulose, f-mannans are not digested by mammalian endogenous
enzymes. Thus, intact f-mannans may be available to bind carbohydrate recognition domains of
pattern recognition receptors on innate immune cells surveying the intestinal epithelium for
potential pathogens (Kraehenbuhl and Corbett 2004; Hardison and Brown 2008; Gazi and
Martinez-Pomares 2009). It is hypothesized that in this way, f-mannans may be capable of
stimulating innate immune cells resulting in a nonproductive, energy-demanding, inflammatory
immune response (Zhang and Tizard 1996; Duncan et al. 2002; Anderson et al. 2008). One
component of innate immune activation is the acute phase response, which is characterized by
dramatic changes in the concentration of APP, such as haptoglobin and CRP.

The initial FIIR descriptions were in poultry and reported increased macrophage and
lymphocyte proliferation (Adibmoradi et al. 2010) and plasma APP concentrations (Anderson et
al. 2008) due to increasing dietary SBM inclusion. This response was then attenuated by the
addition of B-mannanase and was supported by improvements in feed efficiency (Anderson et al.
2008; Adibmoradi et al. 2010). It was hypothesized that the hydrolyzed manno-oligosaccharides
no longer retained the degree of polymerization necessary to stimulate and cross-link multiple
mannose receptors, thus reducing innate immune stimulation.

However, there is a paucity of comparable data regarding immune responses of pigs when

dietary B-mannan and -mannanase are supplemented, and a 3-mannan-derived FIIR has yet to be
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demonstrated. This study provides novel data on the interaction of dietary B-mannan level and -
mannanase enzyme supplementation on nursery pig serum APP concentrations, as a measure of
systemic immune stress. If an immune response to f-mannan had occurred, both CRP and
haptoglobin concentrations would have been expected to increase (Cray et al. 2009). However,
this did not occur. Plus, the changes in APP concentrations from baseline to d 28 were likely due
to time, age of the pig, or other environmental factors that equally affected each treatment (Wright
et al. 2000).

Similarly, there was no interaction between the effects of mannan level and -mannanase
supplementation on serum ACP concentrations. Had an innate immune response occurred in either
the low or high-mannan diets, it would have been expected that f-mannanase supplementation
would prevent immune stimulation and decrease serum haptoglobin and CRP. This response would
have been exaggerated in the high-mannan diets due to the greater amount of substrate for the
enzyme. Since this was not observed, it was concluded that dietary -mannan concentrations as
high as 2.8% do not induce a systemic innate immune response in nursery pigs. However, because
diets with different B-mannan concentrations were achieved by replacing corn and SBM with copra
meal, a specific ingredient effect, separate from a f-mannan nutrient effect, cannot be ruled out.

The results of this experiment corroborate data from Huntley et al. (2018) which indicated
that B-mannanase supplementation did not impact nursery pig serum proinflammatory cytokines,
haptoglobin, or mannose-binding lectin concentrations. Furthermore, there were no differences in
maintenance energy requirements between control and [-mannanase supplemented pigs,
supporting the conclusion that B-mannanase did not prevent an energy demanding immune

response. Interpreted together, the data from Huntley et al. (2018) and the current study indicate
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that the levels of B-mannan found in practical, commercial-type swine diets are not likely to induce
a FIIR and supplementation of B-mannanase for this purpose is not warranted.

In conclusion, the high-mannan diet decreased ADFI and thus, decreased ADG by 2.7%
compared to the low-mannan diet with no apparent effect on serum haptoglobin or CRP
concentrations. This experiment provides immune data previously lacking in pig growth trials
assessing PB-mannanase efficacy. Beta-mannanase supplementation had no impact on growth
performance and did not affect haptoglobin or CRP concentrations differently in high compared
to low mannan diets. Thus, these data do not support the hypothesis that the level of B-mannan
found in practical swine diets induces an innate immune response or that B-mannanase

supplementation may prevent such a response.
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Table 1. Ingredient composition (as-fed basis) of the experimental diets for phases 1 — 32

Ingredient, % Phase 1 Phase 2 Phase 3
Low Mannan  High Mannan [ ow Mannan  High Mannan [ ow Mannan  High Mannan

Corn 51.69 45.79 51.04 45.30 49.75 44.23
Reduced-oil corn DDGS 10.00 10.00 12.50 12.50 15.00 15.00
Fish meal 5.00 5.00 4.00 4.00 3.00 3.00
Soybean meal 25.00 20.00 25.00 20.00 25.00 20.00
Copra meal - 10.00 - 10.00 - 10.00
Soybean oil 4.20 4.80 3.50 4.10 3.20 3.70
Limestone 1.10 1.20 1.15 115 1.20 1.10
Monocalcium phosphate 0.60 0.70 0.55 0.55 0.55 0.50
Lysine-HCl 0.50 0.60 0.43 0.55 0.45 0.57
DL-Methionine 0.08 0.07 0.06 0.07 0.10 0.09
L-Threonine 0.15 0.17 0.15 0.15 0.11 0.15
L-Tryptophan 0.05 0.06 0.04 0.05 0.04 0.06
L-Valine 0.05 0.03 0.00 0.00 0.00 0.00
Vitamin premix® 0.25 0.25 0.25 0.25 0.25 0.25
Trace mineral premix® 0.20 0.20 0.20 0.20 0.20 0.20
Denagardd 0.18 0.18 0.18 0.18 0.00 0.00
Aureomycin® 0.40 0.40 0.40 0.40 0.00 0.00
Mecadox 2.5¢ 0.00 0.00 0.00 0.00 0.20 0.20
Salt 0.50 0.50 0.50 0.50 0.50 0.50
Choline chloride, 60% 0.05 0.05 0.05 0.05 0.05 0.05
Titanium dioxide 0.00 0.00 0.00 0.00 0.40 0.40

For the enzyme positive diet, f-mannanase (Hemicell HT 1.5, Elanco Animal Health, Greenfield, IN; endo-1,4-B-D-mannanase

from Bacillus lentus with not less than 237 million units per kg of product) was included at 0.05% at the expense of corn.

aPhase 1 =d 0—7; Phase 2=d 8 — 14; Phase 3 =d 15 - 28
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bProvided 6,614 IU vitamin A, 827 IU vitamin D, 26 IU vitamin E, 2.6 mg vitamin K, 29.8 mg niacin, 16.5 mg pantothenic acid,
5.0 mg riboflavin, and 0.023 mg vitamin B12 per kg of diet.

‘Provided 165 mg Zn (zinc sulfate), 165 mg Fe (iron sulfate), 39 mg Mn (manganese sulfate), 17 mg Cu (copper sulfate), 0.3 mg |
(calcium iodate), and 0.3 mg Se (sodium selenite) per kg of diet.

dDenagard 10 (tiamulin, 0.22 g per kg), Elanco Animal Health, Greenfield, IN

¢Aureomycin (chlortetracycline (0.44 g per kg diet), Zoetis Inc., Kalamazoo, MI

fMecadox 2.5 (carbadox), Phibro Animal Health Corp., Ridgefield Park, NJ
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Table 2. Phase 1 diet formulated and analyzed energy and nutrient composition (as-fed basis)
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Low mannan diet

High mannan diet

- enzyme + enzyme - enzyme + enzyme
Formulated composition
ME, Mcal/kg 3.46 3.46 3.46 3.46
SID amino acid, %
Lys 1.38 1.38 1.37 1.37
Met 0.42 0.42 0.40 0.40
Total sulfur AA 0.74 0.74 0.74 0.74
Thr 0.83 0.83 0.81 0.81
Trp 0.26 0.26 0.26 0.26
Ca, % 0.81 0.81 0.85 0.85
STTD P, % 0.41 0.41 0.44 0.44
Analyzed composition
DM, % 90.43 89.99 90.93 90.91
GE, Mcal/kg 4.16 4.16 4.32 4.33
CP, % 22.70 22.15 21.77 20.85
aEEa, % 7.62 7.41 8.78 8.37
NDF, % 9.21 8.88 12.90 13.01
ADF, % 3.58 3.47 5.04 5.89
< detection limit 345,000 < detection limit 355,000

B-mannanase®®, U/kg

aAcid-hydrolyzed ether extract (aEE)

bEndo-1,4-B-mannanase (EC 3.2.1.78); 1 U = the amount of enzyme which generates 0.72 ug of reducing sugars per min from a

mannose-containing substrate at pH 7.0 and 40°C
“The limit of detection for feed samples was 45,000 U/kg
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Low mannan diet

High mannan diet

- enzyme + enzyme - enzyme + enzyme
Formulated composition
ME, Mcal/kg 3.42 3.42 3.42 3.42
SID amino acid, %
Lys 1.30 1.30 1.30 1.30
Met 0.40 0.40 0.40 0.40
Total sulfur AA 0.71 0.71 0.71 0.71
Thr 0.82 0.82 0.79 0.79
Trp 0.25 0.25 0.24 0.24
Ca, % 0.78 0.78 0.77 0.77
STTD P, % 0.39 0.39 0.40 0.40
Analyzed composition
DM, % 89.50 89.79 90.82 90.88
GE, Mcal/kg 4.10 4.11 4.23 4.24
CP, % 21.52 21.88 21.06 20.57
aEE?, % 6.61 7.19 8.59 8.53
NDF, % 9.62 9.91 13.89 14.43
ADF, % 3.04 3.19 4.92 4.92
B-mannanase®®, U/kg < detection limit 304,000 < detection limit 316,000

aAcid-hydrolyzed ether extract (aEE)

YEndo-1,4-B-mannanase (EC 3.2.1.78); 1 U = the amount of enzyme which generates 0.72 ug of reducing sugars per min from a

mannose-containing substrate at pH 7.0 and 40°C
“The limit of detection for feed samples was 45,000 U/kg
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Table 4. Phase 3 diet formulated and analyzed energy and nutrient composition (as-fed basis)

Canadian Journal of Animal Science

Low mannan diet

High mannan diet

- enzyme + enzyme - enzyme + enzyme
Formulated composition
ME, Mcal/kg 3.39 3.39 3.39 3.39
SID amino acid, %
Lys 1.28 1.28 1.28 1.28
Met 0.43 0.43 0.41 0.41
Total sulfur AA 0.72 0.72 0.70 0.70
Thr 0.78 0.78 0.78 0.78
Trp 0.25 0.25 0.25 0.25
Ca, % 0.75 0.75 0.70 0.70
STTD P, % 0.38 0.38 0.38 0.38
Analyzed composition
DM, % 90.60 90.35 90.94 91.15
GE, Mcal/kg 4.17 4.15 4.27 4.27
CP, % 21.60 21.61 21.72 21.11
aEE?, % 6.98 6.99 8.16 8.47
NDF, % 10.38 10.83 14.87 15.00
ADF, % 3.27 3.39 5.70 5.80
< detection limit 327,000 < detection limit 365,000

B-mannanase®®, U/kg

aAcid-hydrolyzed ether extract (aEE)

"Endo-1,4-B-mannanase (EC 3.2.1.78); 1 U = the amount of enzyme which generates 0.72 pg of reducing sugars per min from a

mannose-containing substrate at pH 7.0 and 40°C
“The limit of detection for feed samples was 45,000 U/kg
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Table 5. Effects of dietary mannan level and 3-mannanase supplementation on nursery pig BW, growth rate, feed intake, and efficiency

Mannan level? Enzyme inclusion® SEM P-value
High Low - + Mannan xEnzyme Mannan Enzyme
Overall, d 0 - 28

d 0BW, kg 6.64 6.65 6.64 6.65 0.36 0.583 0.736 0.790
d 28 BW 17.05 17.43 17.14 17.33 0.67 0.954 0.051 0.317
ADG, kg 0.37 0.38 0.37 0.38 0.01 0.852 0.027 0.354
ADFI, kg 0.52 0.54 0.53 0.53 0.02 0.922 0.024 0.922
G:F 0.71 0.71 0.70 0.71 0.01 1.000 0.653 0.106

2 wo levels of dietary mannan were achieved by replacing a proportion of the corn and soybean meal in the low mannan diet (0.4%
-mannan) with copra meal for a high mannan diet (2.8% B-mannan)

bFor the enzyme positive diet, B-mannanase (Hemicell HT 1.5, Elanco Animal Health, Greenfield, IN; endo-1,4-B-D-mannanase
from Bacillus lentus with not less than 237 million units per kg of product) was included at 0.05%
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Figure 1. Effects of dietary mannan level and B-mannanase supplementation on nursery pig
serum haptoglobin concentration (ug/ml) at baseline (d 0) and after 28 d on the experimental
diet. Two levels of dietary mannan were achieved by replacing a proportion of the corn and
soybean meal in the low mannan diet (0.4% B-mannan) with copra meal for a high mannan diet
(2.8% PB-mannan). For the enzyme positive diet, B-mannanase (Hemicell HT 1.5, Elanco Animal
Health, Greenfield, IN; endo-1,4-B-D-mannanase from Bacillus lentus with not less than 237
million units per kg of product) was included at 0.05%. The main effect of time (baseline or d
28) was significant (P < 0.0001) but time did not have any significant interactions with the
effects of mannan, enzyme, or the combination of the 2 (P > 0.437). Dietary mannan level, 3-
mannanase supplementation, or the interaction of the two effects did not significantly impact

serum haptoglobin concentrations (P > 0.160).

Figure 2. Effects of dietary mannan level and B-mannanase supplementation on nursery pig
serum C-reactive protein concentration (pg/ml) at baseline (d 0) and after 28 d on the experimental
diet. Two levels of dietary mannan were achieved by replacing a proportion of the corn and
soybean meal in the low mannan diet (0.4% [-mannan) with copra meal for a high mannan diet
(2.8% B-mannan). For the enzyme positive diet, B-mannanase (Hemicell HT 1.5, Elanco Animal
Health, Greenfield, IN; endo-1,4-B-D-mannanase from Bacillus lentus with not less than 237
million units per kg of product) was included at 0.05%. The main effect of time (baseline or d 28)
was significant (P < 0.0001) but time did not have any significant interactions with the effects of
mannan, enzyme, or the combination of the two (P > 0.332). Neither dietary mannan level nor [3-

mannanase supplementation significantly impacted serum C-reactive protein concentrations (P >
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0.201). The interaction of mannan level and enzyme inclusion tended to affect C-reactive protein

concentrations (P = 0.079).
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