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performance of lactating sows fed a coarsely ground diet
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ABSTRACT: The objective of the current study
was to investigate the effect of supplementing a
mono-component xylanase to a coarsely ground
lactation diet (feed fraction particle size above
2 mm was more than 17%) based on wheat, barley,
and soybean meal on nutrient digestibility and per-
formance of lactating sows. A total of 30 cross-bred
(Danish Landrace X Yorkshire) multiparous sows
(parity 2 to 5) were used. Sows were fed a standard
gestation diet from mating until day 108 of gesta-
tion, and then stratified for BW (295.4 + 26.1 kg
average BW) and parity to receive one of two
dietary treatments (n = 15 per treatment), a lac-
tation diet without (control diet) or with supple-
mented enzyme (enzyme diet). The enzyme applied
was a mono-component xylanase dosed at 200 en-
zyme unit (FXU) per kg of feed, which corresponds
to 200 g per ton of feed. The diets were fed until
weaning at day 28 of lactation. On day 2 of lacta-
tion, litter size of each sow was adjusted to 14 piglets
within treatment. Reproductive performance of the
sows, growth of the piglets, yield and composition
of sow milk, plasma metabolites and apparent total
tract digestibility (ATTD) of nutrients were meas-
ured. Supplementation of xylanase had no effect

(P >0.05) on total born and live born piglets or still-
birth rate (%) at parturition. Initial parameters on
day 2 of lactation including sow BW and back fat
thickness, litter size, piglet weight, and litter weight
were similar (P > 0.05) between treatments. Piglet
weight gain, litter weight gain, litter size, and daily
milk yield did not differ (P > 0.05) between treat-
ments. The ADFI was increased by 4.5% (P < 0.01),
and BW loss during the whole lactation was reduced
from —13.6 to —5.2 kg (P = 0.04) with xylanase add-
ition when compared to control sows. The ATTD
of GE (83.9 vs. 82.9, P < 0.01), DM (84.2 vs. 83.4,
P <0.01), N (83.4 vs. 81.7, P = 0.02), OM (86.5 vs.
85.7, P <0.01) and total nonstarch polysaccharides
(NSP; 59.4 vs. 56.7, P = 0.02) were all increased by
xylanase supplementation. Milk composition and
plasma metabolites were not affected (P > 0.05), ex-
cept that plasma triglycerides content was increased
by xylanase addition (0.23 vs. 0.20 mM, P = 0.04).
In conclusion, supplementing a mono-component
xylanase to a coarsely ground lactating diet based
on wheat, barley, and soybean meal improved sow
feed intake and nutrient digestibility, thereby reduc-
ing sow BW loss throughout lactation, whereas
milk yield and piglet performance were not affected.
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INTRODUCTION

In Europe, Australia, and western Canada,
barley and wheat are the main ingredients used in
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pig diets (Nasir et al., 2015). However, barley con-
tains 22%, while wheat contains 13%, dietary fiber
(DF) content in their whole grains, which cannot
be degraded by monogastric animals due to lack of
corresponding digestive enzymes (Bach Knudsen,
1997). Arabinoxylans are particularly abundant
both in wheat and barley (Bach Knudsen, 2014).
DF and coarsely milled diets are beneficial factors
to reduce the risk of gastric ulcers in sows (Millet
et al., 2012; Mopeler et al., 2012) and DF are also
known to enhance sow productivity by improving
colostrum production (Theil et al., 2014) and reduc-
ing stillbirth rate (Feyera et al., 2017). However,
both DF and coarse milling reduce digestibility of
starch and protein by hampering the access to di-
gestive enzymes and by increasing the viscosity of
the digesta (Steenfeldt and Pettersson, 2001; Kim
et al., 2005; Bach Knudsen, 2014).

Modern lactating sows have a huge demand for
nutrients for the large litter size. The discrepancy
between a large nutrient demand and insufficient
nutrient intake leads to mobilization of their body
reserves (Strathe et al., 2017). Supplementing non-
starch polysaccharides (NSP) degrading enzymes
has been found to improve the nutrient digestibility,
feed efficiency, and growth performance in poultry
and young pigs (Patience et al., 1992; Diebold
et al., 2004; Kiarie et al., 2007; Lordelo et al., 2008;
Woyengo et al., 2008; Tsai et al., 2017), but has not
been commonly tested in sows. Thus, the objective
of this study was to determine effects of supple-
menting a mono-component xylanase on feed util-
ization, plasma metabolites and productivity of
lactating sows. We hypothesized that the xylanase
supplementation would improve the nutrient di-
gestibility and milk production and/or reduce body
mobilization of lactating sows.

MATERIALS AND METHODS

The experiment was carried out at Aarhus
University, Foulum, Denmark, and was conducted
in accordance with Danish laws and regulations for
the humane care and use of animals in research (The
Danish Ministry of Justice, 1995). Protocols were
approved by The Danish Animal Experimentation
Inspectorate, and the health of the animals was
monitored during the experimental period.

Animals and Housing

A total of 30 cross-bred (Danish Landrace
x  Danish Yorkshire, DanAvl, Copenhagen,
Denmark) multiparous sows were included in the

experiment. The average parity for sows in control
and enzyme group was 2.9 + 0.3 and 3.0 + 0.2, re-
spectively. Sows were fed a standard gestation diet
from mating until day 108 of gestation and then
stratified for BW (295.4 £ 26.1 kg average BW) and
parity to receive 1 of 2 dietary treatments (n = 15
per treatment) until weaning at day 28 of lactation.
After farrowing, total born piglets, live born piglets,
and stillborn piglets were recorded. On day 2 of lac-
tation, litter size of each sow was adjusted to 13
or 14 piglets within treatment according to number
of functional mammary glands. Sows and their
litters were individually housed in fixed farrowing
crates (2.7 m X 1.8 m). Pen floor consisted of one
half concrete floor and one half iron slatted floor.
Room temperature was kept at 20 °C before par-
turition, 24 °C after parturition and decreased to
18 °C before weaning. Piglets had access to a cave
equipped with a heating lamp (it was turned on or
off depending on piglet behavior) and sawdust as
bedding, whereas the sow did not have access to
bedding material to avoid intake of DF from straw.
The light was on from 0700 to 1900 h and during
feeding from 2300 to 2400 h. Sows and piglets were
monitored daily for health condition and were
treated in compliance with standard procedures.

Diets and Feeding

A standard lactation diet based on wheat,
barley, and soybean meal was formulated to meet
the nutrient requirements for lactating sows and
regarded as the control diet (Tybirk et al., 2015).
The enzyme diet was made by adding 200 FXU
per kg of feed (corresponding to 200 g per ton of
feed) to the control diet. The NSP enzyme, endo-
1,4-pB-xylanase, originated from a gene derived from
Thermomyces lanuginosus expressed in Aspergillus
oryzae (RONOZYME WX; a mono-component
xylanase product; DSM Nutritional Products,
Basel, Switzerland). The diets with and without
enzyme were produced by Vestjyllands Andel
(Borris, Denmark) using the same batch of cereals
and protein sources. A premix of the control diet
(all constituents except 13.8% of barley) was pro-
duced before the premix of the enzyme diet to en-
sure no carry-over of the enzymes. Both diets were
heat treated at least at 81 °C (due to Danish legis-
lation) and processed through an expander instead
of pelleting because the pelleting process has been
found to reduce the particle size of pig feed (Wolf
et al., 2010). At Aarhus University, Foulum, 0.2%
chromic oxide and 13.8% non-heat treated roller
milled barley was mixed with the two premixes at
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the local feed mill and then the two diets were pel-
leted (cold pelleting) at 5 mm pellet size, to allow
measurement of apparent total tract digestibility
(ATTD) of nutrients using the external marker
technique. The dietary ingredients of experimental
diets are shown in Table 1.

Before parturition, sows were daily fed 3.5
Danish feed unit (FU) which is equivalent to ap-
proximately 3.3 kg/d (or 42 MJ ME/d), and from
day 2 of lactation the feed supply increased daily
with 0.5 FU (or 6.4 MJ ME/d) until reaching a
maximum of 9.0 FU per day (equivalent to 108 MJ
ME per day) for sows nursing 14 piglets. This feed-
ing strategy is used as a guideline for the maximum
daily allowance of the sows according to recom-
mended Danish feeding practice. The feed supply
was reduced by 3% for each piglet sows nursed
below 14 littermates. Sows were fed automatically

Table 1. Dietary ingredients of the experimental
diets (as-fed basis)

Diet

Ingredient, % Control Enzyme
Barley 34.8 34.8
Wheat 35.4 35.4
Oat 5.00 5.00
Soybean meal 14.6 14.6
Sunflower meal 3.50 3.50
Molasses 0.50 0.50
Lard (animal fat) 1.80 1.80
Leci E* 0.50 0.50
Calcium carbonate 1.37 1.37
Sodium chloride 0.46 0.46
Monocalcium phosphate 0.85 0.85
Chromium oxide 0.20 0.20
L-Lys sulfate, 70% 0.39 0.39
DL-Met, 99% 0.06 0.06
L-Thr, 98.5% 0.09 0.09
Phytase’ 0.02 0.02
Xylanase added* No Yes
Bicco-LIN! 0.01 0.01
Vitamin E premix® 0.28 0.28
Vitamin-mineral premix’ 0.21 0.21

*Phospolipids, FFA, and triglycerides from rapeseed oil.

1,500 U/kg.

200 enzyme unit (FXU) per kg of feed (corresponding to 200 g per
ton of feed).

ICholine chloride in natural form from dried weeds.

$45.500 mg/kg.

ISupplied per kilogram of diet: retinol 8694 TU, cholecalciferol 1242
1U, a- tocopherol 79.11 mg, phylloquinone 4.14 mg, thiamin 2.17 mg,
cyanocobalamin 0.022 mg, riboflavin 5.43 mg, pyridoxine 3.26 mg,
biotin 0.43 mg, p-pantothenic acid 16.3 mg, folic acid 1.63 mg, niacin
21.74 mg, 15.57 mg Cu as CuSO, - 5H,0, 103.5 mg Zn as ZnO,
86.94 mg Fe as FeSO, - 7 H,0, 2.07 mg I as Cal, 43.47 mg Mn as MnO,
0.31 mg Se as Na,SeO,.

three times daily at 0730, 1430, and 2330 h. If sows
had feed leftovers, the feed supply was reduced by
20% the next day and then by 10% the following day
until the sow consumed the planned amount. Feed
leftovers were collected daily to measure the daily
intake of DM and nutrients. Sows had free access
to water during the experimental period. Straw or
rooting materials were not provided except that a
rope was supplied to stimulate nursing and rooting
behavior.

Measurements and Sample Collection

Sow BW and back fat thickness were measured
on day 2, 7, 14, 21, and 28 of lactation. Back fat
thickness was measured at 65 mm to the left side of
the dorsal mid-line at the level of the last rib (known
as P2 point) using an ultrasound (SonoGrader 11,
RENCO, MN, USA). Piglets were weighed indi-
vidually on day 2, 7, 14, 21, and 28 of lactation to
calculate piglet or litter weight gain, and to estimate
milk yield. Milk and blood samples were collected
at day 3, 10, 17, and 24 of lactation to analyze for
milk composition and plasma metabolites, respect-
ively. During milk sampling, piglets were removed
from the sow, and the sow was injected 0.3 mL of
oxytocin intravenously to induce milk letdown.
A total of 45 to 50 mL milk was collected from two
to five teats until milk letdown ceased and milk was
filtered through gauze before storing at —20 °C.
Blood samples were drawn by jugular vein puncture
4 h after morning meal and collected in heparinized
tubes (Greiner BioOne GmbH, Kremsmiinster,
Austria). Plasma was obtained by centrifuging the
blood sample at 1,558 X g at 4 °C for 12 min and
stored at —20 °C until analysis. Fecal samples on
day 3 and 17 of lactation were collected to deter-
mine nutrient ATTD using chromic oxide as the
external marker. And feces on day 3 and 17 of lac-
tation were scored by visual qualitative evaluation
in the morning. Score values range from 0 to 5, with
0 being absence of feces, and 5 being very wet feces,
unformed, and liquid (Oliviero et al., 2009).

Chemical Analyses

The diets were analyzed for GE, DM, ash, CP
(N x 6.25), crude fat, total NSP, starch, Ca, P, AA,
and chromic oxide. Feed analyses were carried out in
triplicate except for GE, starch and total NSP, which
were analyzed in duplicate. Fecal samples were
freeze-dried and analyzed in duplicate for GE, DM,
ash, CP, total NSP, and chromic oxide. Feed and
fecal GE was determined using an adiabatic bomb
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calorimeter (Parr Instrument Company, Moline,
Illinois, USA). The DM was determined by dry-
ing the samples at 105 °C to a constant weight, and
ash was analyzed according to the AOAC method
(AOAC, 1990). The CP (N X 6.25) was determined
by the Dumas method (Hansen, 1989) while the HCI-
fat was measured according to the Stoldt procedure
(Stoldt, 1952). Starch and total NSP were meas-
ured by enzymatic-chemical methods as described
by Bach Knudsen (1997) with the modification
that 2M H_ SO, was applied in the acid hydrolysis
procedure for total NSP analysis rather than 1M
H,SO,. Klason lignin was measured by a modified
method from Theander et al. (1993) as described by
Bach Knudsen (1997). Dietary Ca and P were ana-
lyzed by spectrophotometer according to the Official
Journal of the European Union (/52/2009). Dietary
AA was determined using an amino acid analyzer
(Biochrom 20 plus; Biochrom Ltd., Cambridge,
UK; [EC] 152/2009; European Commission 2009).
The external marker chromic oxide in diets and
fecal samples was measured spectrophotometrically
according to Schiirch et al. (1950).

Milk composition was analyzed in triplicate
for DM, fat, protein, and lactose contents with in-
frared spectroscopy using a Milkoscan 4000 (Foss
MilkoScan, Hillerod, Denmark).

The wet-sieve analysis was performed using an
electronic wet-sieve (Retsch AS 200 basic, Retsch
GmbH, Germany). The screen sizes applied were as
follows: 3,150; 2,000; 1,400; 1,000; 500; and 355 um.
Briefly, feed samples were soaked in water for 1 h
before wet-sieving with continuous waterflow. Each
fraction obtained was then dried at 105 °C for 24 h
to determine the DM weight. The percentage of the
individual sieve fraction was obtained by dividing its
DM weight by the DM weight of the total sample of
feed before wet sieving calculated from the amount of
feed weighed for this procedure and the analyzed DM
content in the two diets. The fraction below 355 pm
was estimated to be the difference between the DM
weight of sample feed before sieving and the sum of
the DM weight of all other fractions obtained.

Plasma was analyzed in duplicate for glu-
cose, lactate, NEFA, triglycerides (TAG) and
urea. The NEFA content was determined using
the Wako, NEFA C ACS-ACOD assay method
(Wako Chemicals GmbH, Neuss, Germany), and
glucose, lactate, TAG, and urea were analyzed
according to standard spectrophotometric proce-
dures (Siemens Diagnostics Clinical Methods for
ADVIA 1650) using an auto analyzer (ADVIA
1650 Chemistry System, Siemens Medical Solution,
Tarrytown, NY).

Calculations

Sow milk yield was estimated according to
Hansen et al. (2012) based on litter weight gain and
litter size. Energy secreted in milk was calculated as
the sum of energy secreted as milk protein with an
energy value of 23.86 kJ/g, fat with an energy value
of 39.76 kJ/g and lactose with an energy value of
16.51 kJ/g (Weast, 1984).

Nutrient ATTD was calculated using the fol-
lowing equation (Stein et al., 2007) with chromic
oxide as the external marker:

ATTD = 1- Nutrl.entFecal y Marker,,, 100
Nutrient Markerg,,

Statistical Analysis

The experiment was regarded as a complete
randomized design in which sows were stratified for
BW and parity. Weekly recordings of sow feed in-
take, sow BW and back fat thickness changes, litter
size, piglet and litter weight gain, milk yield and
milk composition, as well as plasma metabolites,
were applied to the following model to analyze data:

Yijk =u+a; +ﬂj+(aﬂ)ij+tk + E

where Y,-,-k is the observed trait, u is the overall
mean of the observations, a, is the main effect of
the diet (i = control or enzyme), B, is the effect of
week of lactation (j = 1, 2, 3, and 4), (O‘ﬂ),;,- is the
interaction between diet and week of lactation, 7,
is the random effect of sows (k =1, 2, 3, ..., 30) to
take into account repeated measurements within
sow and ¢, is the residual random error. Plasma
NEFA was subjected to a logarithmic transform-
ation to stabilize the residual variance.

Nutrient ATTD was tested with the same model
where B, referred to day in lactation (j = 3, 17).
Parameters other than the ones mentioned above
were analyzed with a submodel without effects of
week (or day) in lactation and (af ) interaction
and without the random effect of sows.

The statistical analysis was performed using
the MIXED procedure of SAS (version 9.3), ex-
cept for stillborn piglets and piglet mortality where
odds ratios of these traits were analyzed using the
GENMOD procedure of SAS (version 9.3). Mean
values were presented as least square mean * larg-
est SEM, except for stillborn piglets, piglet mor-
tality, and plasma NEFA which were reported as
mean and their 95% confidence limits. All variables



Xylanase improved lactating performance 185

were considered significant when P < 0.05 whereas
P <0.1 was considered a tendency.

RESULTS

The analyzed nutrient composition of experi-
mental diets is shown in Table 2. As expected, the
control and enzyme diet were highly similar in nu-
trient composition and diet particle size. Due to
the greater nutrient ATTD (Table 4), the calculated
ME (MJ/kg DM) of the enzyme group was slightly
greater (0.16 MJ/kg DM equivalent to ~1.1%) as
compared with the control diet. The proportion of

Table 2. Analyzed chemical composition and diet
particle size of the experimental diets

Diet
Item Control Enzyme
GE, MJ/ kg DM 18.29 18.28
Calculated ME,* MJ/ kg DM 14.62 14.78
Calculated NE," MJ/kg DM 9.85 9.85
Chemical composition, g'lkg DM
DM, g/ kg as feed 862 863
CP 162 163
Crude fat 52 53
Starch 499 504
Ash 53 54
Total NSP 132 133
Dietary fiber 152 153
Ca 9.1 9.0
P 6.1 6.4
Cr,0, 2.3 2.3
Indispensable amino acid
Lys 9.5 9.5
Met 2.9 3.0
Thr 6.3 6.4
Val 7.2 7.2
Particle size by wet sieve analysis,* %
<l mm 68.06 69.85
1to 2 mm 12.99 12.42
>2 mm 18.95 17.73

*Calculated ME = GE x GE, ..,
(2004).

fCalculated NE according to the EVAPig system (INRA, Saint-
Gilles, France).

‘The wet-sieve analysis was performed using an electronic wet-sieve
(Retsch AS 200 basic, Retsch GmbH, Germany). The screen sizes
applied were as follow: 3150 um, 2000 pm, 1400 pm, 1000 pm, 500 pm
and 355 pm. Briefly, feed samples were soaked in water for 1 h before
wet-sieving with continuous waterflow. Each fraction obtained was
then dried at 105°C for 24 h to determine the DM weight. The per-
centage of the individual sieve fraction was obtained by dividing its
DM weight by the DM weight of the total sample of feed before wet
sieving calculated from amount of feed weighed for this procedure and
the analyzed DM content in the two diets. The fraction below 355 pm
was estimated to be the difference between the DM weight of sample
feed before sieving and the sum of the DM weight of all other fractions
obtained.

% 0.964 according to Theil et al.

the feed fraction with particle size above 2 mm was
19.0% for the control and 17.7% for the enzyme
group. The average enzyme activity (measured in
triplicate) was 0 (zero) in the control group, while it
was 124 + 10.7 FXU per kg of feed in the enzyme
group, corresponding to 62% of the supplemented
level (200 FXU per kg of feed).

Supplementation of the xylanase had no
effect (P > 0.05) on total born, live born and
stillborn piglets at parturition (Table 3). Initial
parameters on day 2, including sow BW and back
fat, piglet and litter weight and litter size, were
not different (P > 0.05) between treatments. Sow
BW loss decreased by xylanase supplementation
compared with control sows (—5.2 vs. —13.6 kg,
P =0.04).

The ATTD of GE (83.9 vs. 82.9, P <0.01), DM
(84.2 vs. 83.4, P <0.01), N (83.4 vs. 81.7, P = 0.02),
OM (86.5 vs. 85.7, P < 0.01) and total NSP (59.4 vs.
56.7, P = 0.02) were all increased by xylanase sup-
plementation (Table 4). When considering the day of
lactation, ATTD of all nutrients were all greater on
day 3 compared with day 17 of lactation (P < 0.01).
There was no difference in fecal score between treat-
ments, but fecal score on d 17 of lactation was greater
than that on day 3 of lactation (P < 0.001).

The effect of supplemental xylanase on the
sow performance over the course of lactation is
presented in Table 5. The ADFI of sows increased
from weeks 1 to 4 of lactation (P < 0.001), and the
ADFI of sows in the enzyme group was on average
4.5% greater compared with control group (6.9 vs.
6.6 kg/d, P <0.01) (Figure 1). The sow BW loss was
greatest in week 1 when compared with later stages
of lactation (P <0.001). The xylanase addition ame-
liorated the sow BW change compared with sows in
control group (—1.30 vs. —3.38 kg/wk, P = 0.04). In
addition, the sow BW change interacted with en-
zyme supplementation across the week of lactation
(P <0.01). Sows supplied feed with enzyme lost less
BW (P <0.01)in week 2 and 4 of lactation, whereas
the weight loss was similar (P > 0.05) in week 1 and
3 of lactation (Figure 2). Individual piglet weight
gain, litter weight gain, litter size, milk yield, and
milk composition did not differ (P > 0.05) between
treatments. The milk yield markedly increased from
week 1 to week 3 and 4 of lactation (P < 0.001),
whereas the milk contents of DM, fat, and protein
decreased (P < 0.001) from week 1 to 4 of lacta-
tion. Concomitantly, milk lactose increased over
the course of lactation with the greatest content
found in week 4 of lactation (P < 0.001).

Sow plasma metabolites including glucose,
lactate, NEFA, and urea did not differ between



186 Zhou et al.

Table 3. Characteristics of sows fed the experimental diets and their piglets during lactation

Diet
Item Control Enzyme SEM P-value
No. of sows 15 15 — —
Sow BW on day 2, kg 274 274 7 0.94
Sow BW on day 28, kg 261 268 7 0.42
Sow BW change, kg —-13.6° =520 2.7 0.04
Sow back fat on day 2, mm 16.7 17.8 0.9 0.41
Sow back fat on day 28, mm 13.3 15.3 0.9 0.14
Sow back fat change, mm -34 -2.5 0.7 0.13
Total born piglets 20.2 20.1 0.9 0.92
Live born piglets 17.2 17.5 0.6 0.68
Stillborn piglets,* % 12.3 12.6 0.91
[8.9; 16.7] [9.3;16.9]
Piglet weight on day 2, kg 1.62 1.61 0.04 0.92
Piglet weight on day 28, kg 8.21 8.18 0.17 0.88
Litter weight on day 2, kg 22.5 223 0.5 0.82
Litter weight on day 28, kg 105.4 103.3 2.9 0.61
Litter size on day 2 13.9 13.9 0.1 0.60
Litter size at weaning 12.9 12.8 0.3 0.88
Piglets mortality until day 28,* % 7.7 7.7 0.99
[4.7;12.1] [4.8;12.2]

#®Mean values with different letters within a row are significantly different (P < 0.05).

*Data were binomially distributed, and hence confidence limits were given in brackets instead of SEM values.

Table 4. Effects of xylanase supplementation on nutrient digestibility and fecal score of experimental sows

during lactation

Diet DIL P-value
Item Control Enzyme SEM 3 17 SEM Diet DIL DietxDIL
GE in feces, MJ/kg DM 18.8 18.6 0.1 18.7 18.8 0.1 0.41 0.45 0.34
DM in feces, g/kg 317.0 308.0 11 366* 2590 11 0.57 <0.001 0.44
N in feces, g/lkg DM 28.4 27.7 0.6 27.9 28.2 0.6 0.36 0.80 0.16
OM in feces, g/kg DM 816* 806° 3.5 806° 816* 3.2 0.05 0.02 0.62
Total NSP in feces, g/lkg DM 344 342 5.9 337° 3500 5.9 0.74 0.03 0.27
ATTD of GE, % 82.9° 83.9¢ 0.2 84.2¢ 82.6° 0.2 <0.01 <0.001 0.22
ATTD of DM, % 83.4° 84.2 0.2 84.5% 83.0° 0.2 <0.01 <0.001 0.06
ATTD of N, % 81.7° 83.42 0.5 83.42 81.6° 0.5 0.02 <0.01 0.03
ATTD of OM, % 85.7° 86.5¢ 0.2 86.8° 85.3° 0.2 <0.01 <0.001 0.11
ATTD of total NSP, % 56.7° 59.4¢ 1.1 60.9° 55.1° 1.1 0.02 <0.001 0.75
Fecal score 2.4 2.4 0.1 1.8° 3.0° 0.1 0.69 <0.001 0.69

DIL, day in lactation.

*®Mean values with different letters within a row are significant different (P < 0.05).

treatments (P > 0.05; Table 6), except that TAG
content was increased by xylanase addition (0.23
vs. 0.20 mM/liter, P = 0.04). Plasma glucose
was not affected by week of lactation, whereas
plasma contents of TAG, lactate, and NEFA
were greater (P < 0.001) in week 1 when com-
pared with any other week of lactation, and
plasma urea content increased from week 1 to 4
of lactation (P < 0.001).

DISCUSSION

Cereals such as wheat and barley are the com-
monly used ingredients in many swine and poultry
diets (Ravn et al., 2016), and besides contributing
with the dietary energy, they also increase the DF
content. Barley is rich in DF (approximately 22%)
whereas wheat has a lower content (approximately
13% DF; Bach Knudsen, 1997). Thus, most diets
for lactating sows contain 15% to 17% DF, whereas
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Table 5. Effects of xylanase supplementation on sow performance over a 28 d lactation period

Diet Week P-value

Diet X
Item Control  Enzyme SEM 1 2 3 4 SEM Diet Week week
ADFI, kg/d 6.6° 6.9° 0.1 3.84 6.6° 8.1° 8.5¢ 0.1 <0.01  <0.001 0.10
Sow BW change, kg/wk —3.38° —-1.30* 0.69 —-6.28  —0.82® 0.04*  -2.30° 0.85 0.04  <0.001 <0.01
Sow back fat change, mm/wk —-0.84 —-0.68 0.09 -0.72 —-0.68 -0.91 -0.73 0.12 0.21 0.51 0.27
Piglet weight gain, g/wk 1579 1592 40 901¢ 1754° 1805 1881* 48 0.83  <0.001 0.52
Litter weight gain, kg/wk 21.1 20.8 0.7 12.5° 23.52 23.8¢ 23.9¢ 0.7 0.68  <0.001 0.42
Milk yield, kg/d 13.3 13.0 0.3 8.6 13.7° 15.3¢ 15.0¢ 0.3 0.66  <0.001 0.34
Milk DM, % 17.8 17.6 0.2 19.3¢ 17.4° 17.3% 16.8¢ 0.2 0.38  <0.001 0.42
Milk fat, % 6.9 6.6 0.2 8.3 6.6° 6.4° 5.9¢ 0.2 0.33  <0.001 0.18
Milk protein, % 5.1 5.1 0.1 5.8 4.9° 4.9° 5.0° 0.1 0.90  <0.001 0.86
Milk lactose, % 5.1 5.2 0.1 4.8 5.2° 5.2° 5.3 0.1 0.25  <0.001 0.58
Milk energy, MJ/100 g 0.48 0.47 0.01 0.55¢ 0.46° 0.46° 0.44° 0.01 0.36  <0.001 0.32

**Within a row and within a main effect, values with different letters are significantly different (P < 0.05).
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Figure 1. The weekly ADFI changes of sows from control and
enzyme group during lactation. Thirty sows were fed either a wheat,
barley, and soybean meal-based control diet or control diet supple-
mented with a mono-component xylanase dosed at 200 enzyme unit
(FXU) per kg of feed. The ADFI for each week were subjected to
a t-test using SAS. The ADFI of sows in enzyme group was greater
than that of control group in each week of lactation (P < 0.05).

*P <0.05, **P < 0.01. Error bars indicate the SEM.

diets for gestating sows have a slightly greater con-
tent (typically 17% to 19% DF). Arabinoxylans,
which consist of a linear backbone of xylose sub-
stituted with arabinose, are the main structural
NSP constituents of endosperm cell wall in most
cereals representing about 65% of the total NSP in
wheat and 45% of the total NSP in barley (Bach
Knudsen, 2014). The arabinoxylans present in the
cell walls could encapsulate potentially available
nutrients; and the content of soluble NSP, in par-
ticular, can cause an increase in digesta viscosity;
both reducing the access of digestive enzymes to
their substrates (dietary nutrients) and these effects
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Figure 2. The weekly BW changes of sows from control and en-
zyme group during lactation. Thirty sows were fed either a wheat,
barley, and soybean meal-based control diet or control diet supple-
mented with a mono-component xylanase dosed at 200 enzyme unit
(FXU) per kg of feed. The BW changes for each week were subjected
to a r-test using SAS. Sows supplied feed with enzyme lost less BW
(P <0.01) in week 2 and 4 of lactation, whereas the weight loss was
similar (P > 0.05) in week 1 and 3 of lactation. *P < 0.05, **P < 0.01.
Error bars indicate the SEM.

impair the digestibility of the nutrients (Campbell
and Bedford, 1992; Steenfeldt and Pettersson, 2001 ;
O’Connell et al., 2005).

Xylanase, which specifically degrades the arab-
inoxylans, has been intensively applied in diets for
monogastric animals, particularly for poultry and
young pigs. In contrast to poultry studies, pig stud-
ies have shown inconsistent results on improved
digestibility among experiments. Increased energy
digestibility and/or increased digestibility of DM,
CP, crude fiber, and some AA have been reported
with xylanase addition to wheat based diets (Yin
et al., 2000; Barrera et al., 2004; Nortey et al., 2007,
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Table 6. Effects of NSP-degrading enzyme supplementation on the concentration of plasma metabolites in

lactating sows

Diet Week P-value

Diet x
Metabolite Control Enzyme SEM 1 2 3 4 SEM  Diet Week week
Glucose, mM 5.49 5.48 0.12 5.44 5.45 5.54 5.51 0.12 0.93 0.69 0.16
TAG, mM 0.20° 0.23* 0.02 0.27¢ 0.200¢ 0.21° 0.18¢ 0.02 0.04 <0.001 0.75
Lactate, mM 2.49 2.22 0.30 3.15° 2.05° 2.14° 2.07° 0.31 0.42 <0.001 0.64
NEFA,* pekv/L! 143 140 1 315 188° 94¢d 73¢ 1 0.89 <0.001 0.20

[111;185]  [109; 180] [234;423]  [140;253]  [70;126]  [54:98]

Urea, mM 3.40 343 0.19 2.51¢ 3.27¢ 3.73% 4.14¢ 0.20 0.86 <0.001 0.62

®Mean values with different letters within a row are significant different (P < 0.05).

*Plasma NEFA was log-transformed before statistical analysis, and hence confidence limits are given in brackets instead of SEM values.

2008; Kiarie et al., 2016), to barley based diets
(Yin et al., 2001) or to corn-soybean meal based
diets (Fang et al., 2007; Kiarie et al., 2016) fed to
growing pigs. Beneficial effects of xylanase on di-
gestibility have also been observed in weaned pigs
fed a wheat based diet (Vahjen et al., 2007). In con-
trast to these studies, no response in performance
to xylanase supplementation has been reported in
nursery pigs fed wheat-based diets (Mavromichalis
et al., 2000), growing pigs fed rye- or barley-based
diets (Thacker et al., 1991) or a corn-based diet
(Jang et al., 2016), nor in weaned pigs fed wheat-
or barley-soybean meal based diets (Inborr et al.,
1993). The reason for these discrepant results is
likely related to the dietary ingredients, the carbohy-
drate composition, chemical structure, and dietary
contents of arabinoxylans in the diets (Partridge
et al., 2001; Kim et al., 2005). Indeed, low energy
diets using poor quality fibrous materials with ra-
ther low fermentability were considered to provide
more scope for the action of supplemented NSP
degrading enzyme, thereby contributing to a more
clear response to enzyme supplementation (Bach
Knudsen and Hansen, 1991; Bedford et al., 1998;
O’Connell et al., 2005). In addition, diet particle
size may also account, at least in part, for the dif-
ferent impacts of supplemented NSP degrading en-
zyme across different studies. Given that Wolf et al.
(2010) found the average proportion of feed frac-
tion with particle size above 1.4 mm was only 14.8%
in 29 commercial diets for lactating sows using wet-
sieve analysis, our results indicated that the diets
used in the present study were indeed coarsely pro-
cessed as we expected. Besides, most of the stud-
ies mentioned above did not report the processing
procedure of the feed, that is, heat-treatment and
temperature when the diet was pelleted, nor report
the enzyme activity of the feed after processing.
The feed processing conditions are likely crucial to

maintain a high enzyme activity and is a precon-
dition to elicit a response on nutrient digestibility.
Specifically, the reasonable explanation for the
detected enzyme activity in the enzyme group (62%
of the supplemented level) is likely related to the
processing procedure of the feed. Particularly, after
the enzyme was weighed and added to the enzyme
diet, due to the addition of 0.2% chromic oxide for
nutrient digestibility measurement, the feed was
mixed again through a feed mill and then pelleted
(cold pelleting) at 5 mm pellet size. During the cold
pelleting process the feed may be heated because of
heating of the matrice, but the temperature of the
matrice will likely not exceed approximately 72°C.
Feeding late gestating sows with DF rich diet
have been shown to favorably reduce stillbirth rate
(Feyera et al., 2017) and increase colostrum yield
of sows (Theil et al., 2014). DFs incorporation
(Dirkzwager et al., 1998; Millet et al., 2012) and
coarsely milling of feeds (Mopeler et al., 2012;
Liermann et al., 2015) are important to reduce the
occurrence of gastric ulcers. However, DFs and
coarsely milling reduce the digestibility of energy
and other nutrients (Zhang et al., 2013; Liermann
et al., 2016; Saqui-Salces et al., 2017) and therefore
it is of interest to evaluate whether enzyme sup-
plementation indeed improved the nutrient digest-
ibility of a fiber rich, coarsely milled lactation diet
as mentioned above. In the present study, xylanase
supplementation markedly improved the ATTD
of total NSP, GE, DM, N, and OM of lactating
sows. The xylanase used is known to be effective on
both soluble and insoluble arabinoxylan fractions
(Le et al., 2013). In line with our study, de Souza
et al. (2007) found that ileal digestibility and the
ATTD of DM and N increased by xylanase sup-
plementation in lactating sows fed a corn—soybean
meal diet. Unfortunately, de Souza et al. (2007) did
not measure the digestibility of DF or the NSP.
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The NSP is believed to reduce the digestibility of
other dietary nutrients (Bach Knudsen, 2014). The
underlying mechanisms of xylanase on nutrient di-
gestibility are considered to be dual, one is to de-
crease the viscosity of digesta caused by the soluble
fractions of arabinoxylans (Vahjen et al., 2007;
Francesch et al., 2012; Gonzalez-Ortiz et al., 2016);
another is to cleave glycosidic bonds in the xylan
main chain, randomly cutting the arabinoxylan
backbone into smaller chains to liberate encapsu-
lated nutrients such as protein and starch (Bedford
and Schulze, 1998; Kim et al., 2005; Tapingkae
et al., 2008). Improvements in the digestibility of
GE, DM, N, and OM in the present study were
mainly due to the successful hydrolysis of the NSP
components by the xylanase addition. With the
same xylanase product as we applied, improve-
ments in apparent ileal disappearance of soluble
(28%, P < 0.01) and insoluble (15%, P < 0.01) NSP
as well as increased apparent ileal digestibility of
N (2.0%, P < 0.001) and energy (2.9%, P < 0.001)
have also been found in broiler chickens (Cowieson,
2016). Besides, a reasonable explanation for the
greater nutrient digestibility on day 3 in com-
parison to day 17 of lactation could be related to
the difference in feed intake between early and peak
lactation. Thus, less time is available for nutrient di-
gestion when feed intake is high at peak lactation,
whereas delayed gastrointestinal emptying in early
lactation likely allows increased nutrient digestion.

Feed intake of lactating sows is regarded being
a limiting factor for their energy intake (Strathe
et al., 2017) and this may be due to a limited gastric
capacity or hormonal regulation of the appetite. In
a previous study with a high supply of DF to lactat-
ing sows, it was demonstrated that the feed intake
was compromised at peak lactation when sows were
fed soluble DF from sugar beet pulp, but not when
sows were fed insoluble DF from alfalfa (Krogh
et al., 2017a). The possible explanation could be
that diets high in soluble NSP increased digesta
viscosity in the stomach of pigs and reduced gas-
tric emptying (Johansen et al. 1996) and therefore
lowered the digesta passage rate (Wenk 2001). An
increased passage rate of digesta from the stomach
and through the small intestine with NSP degrading
enzyme was hypothesized to explain the increased
feed intake by (partial) removal of inhibitory effects
of NSP, specifically the soluble NSP arabinoxylans
and B-glucans (Zijlstra et al., 2004), which is sup-
ported by the present study that increased feed in-
take and total NSP digestibility of lactating sows
were consistently observed. The increased feed
intake of sows during lactation in our study was

consistent with that reported by Walsh et al. (2012)
who showed that inclusion of an NSP-hydrolyzing
enzyme multicomplex (xylanase and [-glucanase)
from day 109 of gestation and throughout lacta-
tion increased the feed intake by 0.2 kg/d as a mean
for the whole lactation period, although it only dif-
fered statistically in the third week of lactation in
that study.

Excessive body mobilization and loss of back
fat are problematic because they may reduce the
subsequent reproductive performance by increas-
ing the weaning to oestrus interval of sows (Vesseur
et al., 1994; Thaker and Bilkei, 2005) and reduc-
ing ovulation rates and embryonic survivals (Zak
et al., 1997; Van den Brand et al., 2000; Vinsky
et al., 2006). Thus, the reduced body mobilization
of lactating sows fed the xylanase supplemented
diet in the present study is regarded being a clear
benefit for the sows because the need for restoring
body condition in the subsequent gestation period
was almost eliminated, as only 5 kg of BW was lost.
Recently it was shown that milk yield of high-pro-
ducing sows was positively associated with a high
weight loss (body mobilization), indicating that
the milk yield could be compromised for sows in
the enzyme group in the present study due to the
low weight loss observed. However, the enzyme
supplemented sows were indeed high-producers as
they produced on average 13.0 kg/d of milk and
this level was similar to that of the control sows
(13.3 kg/d) which lost 14 kg BW during lactation.
These levels are greater than any previous stud-
ies with high-producing DanAvl sows (range 10.8
to 12.2 kg/d of milk; Krogh et al., 2016, 2017b;
Strathe et al. 2016, 2017), although their weight loss
was minimal. For comparison, the previous studies
reported sow weight losses in the range between 14
and 26 kg during lactation even though the feed-
ing curves in all these experiments were similar. The
results from the enzyme supplemented group in the
present study suggest that body mobilization is not
a prerequisite for a high milk yield, and that a high
nutrient digestibility is a key factor for maximizing
sow productivity during lactation.

Piglet performance including piglet weight gain,
litter weight gain, or litter size was not affected in
the present study and is in line with results obtained
by Walsh et al. (2012). The lack of effects on piglet
performance in the present study were not surprising
because the similar milk yield between treatments
and the fact that lactating sows prioritize nutrients
for their milk production at the expense of their own
body (Theil et al., 2012). In contrast to our results,
Upadhaya et al. (2016) found increased ADG of
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piglets with increased supplementation of cellulase
in corn—soybean meal-based lactation diet for sows.
They attributed the increased piglet ADG to the
improved sow milk yield caused by enhanced DM
and N digestibility, however, milk production was
not assessed in their study. The reason for the dis-
crepancy between the current study and the study by
Upadhaya and coworkers is not clear. One possible
reason is the difference in diets and enzymes applied;
another likely reason is the much greater litter size
weaned in our study (12.9 vs. 10.5).

The xylanase supplementation increased the
TAG concentration in lactating sows. The possible
explanation could be that the fat digestibility was
increased with xylanase addition, although this was
not measured in this study. According to Kiarie
et al. (2016), a greater apparent ileal digestibility
(P < 0.05) of fat was observed in growing pigs fed
either corn- or wheat-based diets supplemented
with xylanase. Effects of xylanase supplementation
on fat digestibility in lactating sows, therefore, war-
rant further scrutiny. Another possible explanation
for the elevated TAG is that additional energy was
net absorbed in sows fed the enzyme added diet and
more de novo fat might be synthesized by the liver
and released to peripheral blood.

In conclusion, the present study shows that
supplementing a mono-component xylanase to
wheat-barley based lactation diet improved sow
feed intake and nutrient digestibility, thereby reduc-
ing sow BW loss throughout lactation, whereas no
significant benefits were found on piglet perform-
ance or sow milk yield. This study may open up for
opportunities to increase nutrient digestibility, feed
efficiency, and performance, and to reduce nutrient
loss of lactating sows using xylanase.
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