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The addition of a Buttiauxella sp. phytase to lactating sow diets
deficient in phosphorus and calcium reduces weight loss
and improves nutrient digestibility

A. L. Wealleans,! R. M. Bold, Y. Dersjant-Li, and A. Awati
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ABSTRACT: Improving the efficiency of P use by
pigs is especially important for lactating sows, whose
metabolic requirements for P and Ca are high. The
effect of a Buttiauxella sp. phytase on lactating sow
performance and nutrient digestibility was inves-
tigated using the combined data set for 6 studies.
Treatments included a nutritionally adequate positive
control diet (PC), a negative control diet (NC; with
an average reduction of 0.16% available phosphorous
and 0.15% Ca vs. PC), and NC supplemented with a
Buttiauxella sp. phytase at 250, 500, 1,000 or 2,000
phytase unit (FTU)/kg, respectively. Phosphorus
and Ca deficiency in the NC resulted in significantly
higher BW loss compared with the PC. All phytase
treatments maintained BW loss at the same level as
the PC. Increasing doses of phytase significantly (P
< 0.05) reduced sow BW loss and increased energy
intake, with improvements most apparent in SOws

older than parity 5. The positive effects on BW and
energy intake were not observed in first-parity sows.
This may be a consequence of fewer first parity sows
in the data set. The apparent total tract digestibility of
DM, OM, and CP were not affected by phytase sup-
plementation. Digestible P and Ca were significantly
improved (linear, P < 0.0001; quadratic, P < 0.0001)
by increasing the dose of phytase supplementation.
Significantly lower apparent total tract digestibility of
energy, Ca, and P was found in the NC treatment vs.
the PC treatment, whereas no significant differences
were found between phytase treatment and the PC
treatment. In conclusion, phytase supplementation at
a level of 250 FTU/kg can replace 0.16% available
phosphorous and 0.15% Ca; however, increasing the
phytase dose can further reduce BW loss in sows fed
P- and Ca- deficient diets.
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INTRODUCTION

Weight loss in lactating animals is a direct con-
sequence of the metabolic demands of milk produc-
tion. This is especially high in sows, whose milk is
nutritionally dense compared with other domesticated
animals (Perrin, 1958; Jenness, 1982). Modern sows
are required to nurse increasingly larger litters to be
financially viable—the average litter size in France
increased by 25% between 1986 and 2006 (Prunier et
al., 2010)—creating a demand for nutrients that can-
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not be matched by the sow’s relatively limited feed in-
take (Aherne and Williams, 1992; Clowes et al., 1998;
Lawlor and Lynch, 2007). This differential between
energy demand and intake leads to a state of cataly-
sis and the mobilization of body reserves (McNamara,
1997). Phosphorus availability is complicated by the
reduced bioavailability of organic P: about 60 to 80%
of P in cereal grains is present in the form of phy-
tate phosphorus (Maga, 1982). In this form, the P is
largely inaccessible to pigs, which inherently do not
possess enough of the enzymes required to hydrolyze
the phytate into its component parts (Golovan et al.,
2001). Accordingly, the utilization of P by pigs is poor:
only between 20 and 40% of dietary P is metabolized
without the aid of exogenous enzymes (Jongbloed et
al., 2004). In approximately 70% of pig diets, this
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problem is solved by the addition of phytase: phytase
in P-deficient diets will improve performance as well
as reduce environmentally harmful levels of P in ma-
nure (Poulsen, 2000; Sands et al., 2001). However, as
both Kemme et al. (1997b) and Jongbloed et al. (2004)
noted, there is a paucity of literature on phytase effi-
cacy in lactating sows, despite wide adoption of phy-
tase in sow diets. Early work suggested that the opti-
mum phytase dosage in sows was lower than for piglets
and growing/finishing pigs, as more ideal conditions
in the sow stomach allow for greater phytase efficacy
(Kemme et al., 1997a), and subsequent studies have
shown increases in P and Ca digestibility in sows fed
P- and Ca-deficient diets, although there have been few
demonstrated effects on sow or piglet performance
(Lantzsch and Drochner, 1995; Jongbloed et al., 2004,
2013). The aim of this study was to evaluate the ability
of a Buttiauxella sp. phytase to reverse losses in perfor-
mance and digestibility caused by P and Ca deficiency
in lactating sow diets.

MATERIALS AND METHODS

Experiments were conducted in accordance with
all relevant institutional and national animal care
guidelines at each participating experimental station.

Animal Trials

Six separate trials, as detailed in Table 1, were run
to assess to efficacy of a Buttiauxella sp. phytase in
P- and Ca-deficient diets for lactating sows. The fol-
lowing design criteria were used:

» The phytase must have been fed to lactating sows
of known parity;

» The phytase must have been fed for entire study
period, and the inclusion rates must have been
available;

* Weight loss and feed intake must have been
recorded;

* Nutrient digestibility for P and Ca must have
been recorded;

* There must have been a negative and positive
control treatment; and

* There must have been 2 or more replicates per
treatment.

Individual sow data from the 6 separate trials were
then collated in a database, providing 255 treatment
means across 5 phytase inclusion levels (0, 250, 500,
1,000 or 2,000 FTU/kg. One FTU is defined as the
quantity of enzyme that releases 1 pmol of inorganic
P/min from 5.0 mM sodium phytate at pH 5.5 at 37°C.
The phytase used in each study was a microbial 6-phy-

tase from Buttiauxella sp. expressed in Trichoderma
reesei (Danisco Animal Nutrition, Marlborough, UK).
Within the study, information on the parity and diet
was also recorded for each replicate used.

In each study, individual sows were the sampling
unit and the experimental unit for digestibility and
feed intake. Within each study, sows were randomly
allocated to the dietary treatments and parity of the
sows was balanced as much as possible.

Sow BW was recorded at farrowing and weaning.
The BW of piglets were recorded at birth and weaning.
The measurements of piglets within a litter were com-
bined to provide information on litter birth weight, lit-
ter weaning weight, and litter weight gain until wean-
ing. At farrowing, total number of pigs born, live born,
and stillborn were recorded and cross-fostering of pigs
was done to equalize litter size as much as possible;
limitations on the extent of cross-fostering occurred
when farrowing dates were disparate.

The experimental diets were provided ad libitum
throughout lactation. Sows were fed treatment diets
from Day 108 of gestation. To calculate ADFI, feed
added and wastage (as detected) was recorded daily
throughout the experimental period.

All sows and piglets were monitored daily for ab-
normalities and clinical signs of sickness as well as the
availability of feed and water. Dead piglets, when they
occurred, were recorded and piglet mortality was cal-
culated by subtracting the number of piglets at the end
of the experiment from the number of piglets at the
beginning of the experiment. Mortality was expressed
both as an absolute number and as a percentage.

All experimental diets were analyzed for marker,
DM, Ca, and P. Available P was calculated using the
slope ratio method (Soares, 1995). In each study, ap-
parent total tract digestibilities of DM, OM, GE, N, fat,
ash, NDF, Ca, and P were determined by the indirect
method, using SiO, or TiO, as the marker and the con-
centration of Ti or Si in the calculations. The formula
to calculate nutrient digestibility coefficients was

DC nutrient = [1 — (nutrient/indicator), ./
(nutrient/indicator) g ]
x 100%,

in which DC is the digestibility coefficient of the nutri-
ent (DC nutrient), (nutrient/indicator)g, . is the ratio
of marker compound to nutrient in the feces, and (nu-
trient/indicator) 4, is the ratio of marker compound to
nutrient in the feed.
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Table 1. Trials used in this analysis

Analyzed
phytase
Pigs per Number of Length of Dietary Treatments levels, Analyzed  Calculated  Analyzed

Trial Country replicate  replicates  lactation main grains used? FTU3/kg total P AvP* total Ca
1 Netherlands 1 12 21 Maize/sunflower PC 244 0.71 0.34 0.79
mea/RSM/SBM/ ¢ 141 0.51 0.18 0.64

sugar beet pulp

250 FTU/kg 368 0.51 0.18 0.64
2,000 FTU/kg 2,402 0.51 0.18 0.63
2 Netherlands 1 8 17 Maize/sunflower PC 113 0.50 0.18 0.64
meal/RSM/SBM NC 98 0.50 0.18 0.64
250 FTU/kg 391 0.63 0.32 0.68
500 FTU/kg 684 0.47 0.16 0.56
1,000 FTU/kg 1,399 0.45 0.16 0.54
2,000 FTU/kg 1,735 0.46 0.16 0.55
3 Canada 1 8 15 Wheat/barley/SBM PC 252 0.45 0.16 0.55
NC 256 0.45 0.16 0.53
250 FTU/kg 447 0.45 0.16 0.52
500 FTU/kg 603 0.60 0.35 0.81
2,000 FTU/kg 1,746 0.44 0.19 0.66
4 United States 1 8 18 Maize/maize gluten PC <50 0.44 0.19 0.68
meal/RSM/SBM NC <50 0.45 0.19 0.66
250 FTU/kg 347 0.44 0.19 0.67
1,000 FTU/kg 1,632 0.64 0.35 1.03
2,000 FTU/kg 2,747 0.45 0.16 0.78
5 Canada 1 8 15 Wheat/barley/SBM PC 262 0.45 0.16 1.20
NC 284 0.45 0.16 0.95
250 FTU/kg 417 0.45 0.16 0.81
500 FTU/kg 681 0.62 0.35 1.08
2,000 FTU/kg 1,537 0.44 0.19 0.68
6 United States 1 13 15 Maize/SBM/DDGS PC 57 0.45 0.19 0.72
NC 56 0.45 0.19 0.69
250 FTU/kg 355 0.44 0.19 0.68

IRSM = rapeseed meal; SBM = soybean meal; DDGS = dried distillers grains with solubles.

2pC = positive control diet; NC = negative control diet.
3FTU = phytase units.

4AvP = available phosphorous.

Statistics

Outlier removal was conducted using jackknife
distances (Tukey, 1958; Miller, 1974): data rows where
the jackknife distances for the multidimensional mean
of improvements in body weight change, feed intake,
and daily energy intake were more than 2.5 SD were
excluded from the data set, resulting in the removal of
5 treatment rows: 2 removed rows came from the posi-
tive control diet (PC) treatment, 2 from the negative
control diet (NC) treatment, and 1 from the 250 FTU/
kg treatment.

The effect of length of lactation and main grain, as
these variables differed between studies, on parameters
of interest were analyzed using the REML method; tri-
al was considered the random effect, as this accounts
for the underlying heterogeneity between studies (Lean
et al., 2009). Means separation was achieved using
Tukey’s honest significant difference test in the Fit

Model platform of JMP 11 (SAS Inst. Inc., Cary, NC)
and significance was determined at P < 0.05. Dietary
main grain had no effect on performance parameters,
DM digestibility, ash digestibility, digestible P, Ca, or
energy. However, CP digestibility was significantly in-
creased in wheat-based diets as compared with maize-
based diets (88.91 vs. 85.83%; P < 0.05). Length of
lactation was not significantly correlated with any di-
gestibility or performance parameters. Therefore, the
data from the 6 individual trials was combined into a
single data set for further analysis.

For the effect of phytase, data were analyzed using
the REML method; the model considered treatment as
a main effect, parity was considered a covariate, and
trial code was included as a random effect. Treatment
means separation was achieved using Tukey’s honest
significant difference test in the Fit Model platform of
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Table 2. Effect of supplementary phytase on lactating sow and piglet performance

Performance parameter pC! NC! NC+2501  NC+500!  NC+1000! NC+20000 SEM  ANOVA Linear Quadratic
Weight after farrowing, kg 248.85 24431 24934 254.18 243.64 248.89 4.45 0.72 0.66 0.78
Weight after weaning, kg 233.42 219.97 230.95 235.75 22221 230.22 6.20 0.23 0.12 0.37
BW change, kg -16.050  —24.66° -19.68°  _17.06®>  —16.94?> 15892 6.55  <0.05  <0.05 0.18
BW change, % 6412 -10.11° ~7.67% —6.4920 —6.412b —6.362 268  <0.05  <0.01 <0.1
Daily BW change, kg/d -0.892 —1.36° —1.062b —0.932b —0.922b 086> 0.18  <0.05  <0.05 0.26
Feed intake, kg/d 5.86 5.43 5.66 5.53 5.64 5.63 6.23 0.57 0.22 0.37
Daily energy intake, MJ 79.57 74.13 76.02 77.42 77.95 77.44 3.50 0.64 0.21 0.35
Piglets born 13.84 14.07 13.45 13.78 13.86 13.57 1.19 0.97 0.89 0.86
Born alive 12.74 12.78 12.10 13.15 13.23 12.60 1.17 0.83 0.57 0.75
Born dead 1.13 1.31 1.36 0.77 0.55 1.01 0.19 0.28 0.12 0.26
Average birth weight, kg 1.50 1.48 1.49 2 1.43 1.48 0.13 0.97 0.60 0.74
Litter birth weight, kg 18.78 20.03 18.29 - 19.28 18.56 1.08 0.48 0.42 0.47
Preweaning deaths/litter 0.95 0.76 0.67 0.44 0.64 0.40 0.37 0.42 0.45 0.92
Preweaning deaths/litter, % 7.47 5.66 5.23 3.38 5.08 3.30 2.52 0.34 0.56 0.96
Piglets weaned/litter 10.72 11.16 10.80 10.73 10.64 11.16 0.41 0.30 0.14 0.42
Average weaning weight, kg 7.04 6.96 6.93 - 6.64 6.82 0.60 0.81 0.47 0.70
Litter weaning weight, kg 75.74 78.33 72.51 - 71.86 77.32 2.10 0.18 0.71 0.39

#CValues within rows with the same superscript are not significantly different (P < 0.05).

IPC = positive control diet; NC = negative control diet; NC+250 = negative control + 250 FTU/kg; NC+500 = ; negative control + 500 FTU/kg;
NC+1000 = negative control + 1,000 FTU/kg; NC+2000 = negative control + 2,000 FTU/kg.

2No data available for cells containing “~.

JMP 11 (SAS Inst. Inc.) and significance was deter-
mined at P <0.05.

Data were split into “parity groups”: primiparous
sows (n = 38), sows on parity 2 through 4 (n = 151),
and sows on parity 5 or above (n = 67). Performance
parameters that were significantly affected in the over-
all data set were then investigated in each of these par-
ity groups through REML analysis with trial as a ran-
dom effect; Tukey’s honest significant difference was
used to separate treatment means. Significance was
determined at P < 0.05.

RESULTS

The main effects of the level of Buttiauxella sp.
phytase on sow and piglet growth performance are
outlined in Table 2. Sow weight loss was negatively
affected by the reduction of P and Ca in the diet, with
NC sows losing 24.66 kg compared with 16.05 kg for
PC sows (P < 0.05). Equivalence to the positive con-
trol was achieved at the lowest dose, 250 FTU, and
a significant difference from the negative control was
achieved at 2,000 FTU/kg (P < 0.05). There were no
significant effects on piglet performance until weaning.

The data on sow BW change and feed intake were
then split by parity group (first parity, parity 2—4, and
parities 5+), as shown in Table 3. There were no sig-
nificant differences between treatments in primipa-
rous SOws.

In midparity sows (parities 2, 3, and 4), there were
significant linear relationships between phytase dose
and all investigated parameters: BW change in kilo-
grams and percent (P < 0.001), daily feed intake (P <
0.05), and daily energy intake (P < 0.05). Percent BW
change also had significant quadratic effects (P <0.05).
The effect of phytase in maintaining body condition
was greatest in older sows (parities 5+), reducing BW
loss versus the negative control by 13.20, 13.89, 15.77,
and 15.36 kg at 250, 500, 1,000, and 2,000 FTU/kg,
respectively, with significant linear effects (P < 0.05).

The effect of supplementary phytase on nutrient
digestibility is presented in Table 4. No differences
were found between treatments for OM digestibility.
Dry matter and CP digestibility were significantly af-
fected by treatment: in both cases, the positive control
reported the lowest digestibility coefficients (84.39
g/100 g DM and 86.15 g/100 g CP) and the 500 FTU/
kg treatment reported the highest (86.81 g/100 g DM
and 87.52 g/100 g CP). Phytase inclusion had no linear
or quadratic effects on DM or CP digestibility.

Digestible P and Ca were significantly improved
(linear, P < 0.0001; quadratic, P < 0.0001) by phytase
supplementation. The reductions in dietary P and Ca
led to significant reductions in digestible P and Ca
(0.07 g/100 g digestible P and 0.08 g/100 g digestible
Ca) compared with the positive control. For digestible
P, this reduction was reversed with the addition of 250
FTU/kg, with all levels of phytase supplementation
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Table 3. Effect of supplementary phytase on lactating sow performance by parity

Performance parameter pC! NC! NC+2501  NC+500!  NC+1000! NC+20000 SEM  ANOVA Linear Quadratic
Primiparous
BW change, kg 2124  -20.83 -19.18 — -5.73 ~14.12 6.12 0.46 0.43 0.14
BW change, % -9.87 -9.60 -9.62 —2.92 —6.41 3.01 0.42 0.43 0.12
Feed intake, kg/d 4.84 5.22 5.14 - 7.10 5.66 0.56 0.18 0.16 0.29
Daily energy intake, MJ 66.24 72.56 71.47 - 98.83 78.61 13.4 0.16 0.16 0.29
Parities 2—4
BW change, kg -16.712b 585>  _2138b  _]576b 12172 -13.352 6.84 <001  <0.001 <0.1
BW change, % —6.66°>  —10.66° -8.64%0 -5.8]2b —4.572 -5.482 278  <0.01  <0.001  <0.05
Feed intake, kg/d 6.022 5.20b 5.53ab 5.392b 5.872b 5.632b 0.17  <0.05 <0.05 <0.1
Daily energy intake, MJ 82.272 71.210 75.4020 75.892b 80.812b 77.0630 3.04  <0.05 <0.05 <0.1
Parities 5+
BW change, kg 6732 —=32.00>  —18.30%  —18.112b 1623  _16.64* 829  <0.05  <0.05 0.11
BW change, % —2.07°  -11.78° —6.77%0 —6.5320 —5.36% —5.742 301 <0.05 <0.05 0.13
Feed intake, kg/d 6.11 5.68 5.98 5.67 4.36 5.45 0.34 0.39 0.16 0.14
Daily energy intake, MJ 83.86° 58.000 749220 79.0420 83.52ab 76.0720 452 <005 <001 0.15

#CValues within rows with the same superscript are not significantly different (P < 0.05).

IPC = positive control diet; NC = negative control diet; NC+250 = negative control + 250 FTU/kg; NC+500 = ; negative control + 500 FTU/kg;
NC+1000 = negative control + 1,000 FTU/kg; NC+2000 = negative control + 2,000 FTU/kg.

2No data available for cells containing “~.

providing significantly more digestible P than the NC.
Digestible Ca was improved with the addition of all
levels of phytase to within statistical insignificance of
the positive control, with significant difference from
the NC achieved at 500 FTU/kg. Digestible energy
was also significantly improved by the addition of phy-
tase (linear, P < 0.0001; quadratic, P < 0.0001), with
each treatment releasing in excess of 0.5 MJ to the sow.

DISCUSSION

Body weight loss affects the sow’s current lacta-
tion and also her future reproductive and piglet per-
formance (Vesseur et al., 1994). Sows with excessive
weight losses during lactation have extended remating
intervals (Sterning et al., 1990; Zak et al., 1997, 1998),
are less likely to return to estrus within 10 d of weaning,
and have reduced ovulation rates (Zak et al., 1997) and
reduced embryonic survivals (Close and Mullan, 1996).

Overall, the addition of Buttiauxella sp. phytase
to sow diets significantly reduced both absolute (P
< 0.05) and percent (P < 0.01) change in BW com-
pared with the negative control. Equivalence to the
positive control was achieved at the lowest dose, 250
FTU/kg, with further reductions with increasing dose.
Nasir et al. (2014) reported that supplementation with
an Aspergillus oryzae 6-phytase improved nutrient
digestibility but not performance in lactating sows.
This finding is echoed elsewhere in the literature, with
Jongbloed et al. (2013) also finding no effect of phy-
tase supplementation on sow BW change throughout
lactation. This may suggest that the older generation
phytases studied in previous papers were not able to
release sufficient nutrients to impact weight loss, only
recovering those removed from the NC. Previous stud-
ies with Buttiauxella sp. phytase in growing—finishing
pigs have demonstrated dose-dependent improve-
ments in energy, AA, nitrogen, and mineral digestibil-

Table 4. Changes in nutrient digestibility following phytase supplementation

Digestibility parameter ~ PC! NC! NC+250!  NC+500! NC+1000' NC+2000! SEM  ANOVA  Linear  Quadratic
Ash, g/100g 455730 43720 46.6620 47.74%0 47.45% 48.712 11.36 <0.05 <0.001 <0.05
CP, g/100g 86.56° 87.302 87.402 87.502 87.112b 86.6520 0.83 <0.01 0.06 0.08
DM, g/100g 84.39° 86.382b 86.282b 86.292 86.092b 85.90P 1.19 <0.0001 0.10 0.12
OM, g/100g 88.55 89.24 89.17 88.88 88.70 88.81 1.03 <0.1 0.59 0.66
DE, MJ 15312 14.76° 15.26 15.46° 15.20° 15372 0.41 <0.001 <0.0001  <0.0001
Digestible Ca, g/100g 0.2420 0.16° 0.20b° 0.258b 0.272b 0.252 0.03 <0.0001  <0.0001  <0.0001
Digestible P, g/100g 0.2020 0.13¢ 0.18> 0.212b 0.222 0.222 0.01 <0.0001  <0.0001  <0.0001

4CValues within rows with the same superscript are not significantly different (P < 0.05).

IPC = positive control diet; NC = negative control diet; NC+250 = negative control + 250 FTU/kg; NC+500 = ; negative control + 500 FTU/kg;
NC+1000 = negative control + 1,000 FTU/kg; NC+2000 = negative control + 2,000 FTU/kg.
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ity over and above the expected improvements in P
and Ca (Adedokun et al., 2015; Zeng et al., 2015), and
this, combined with the differential pH optimum of
Buttiauxella sp. phytase, which allows for nutrient re-
lease higher in the digestive tract (Menezes-Blackburn
et al., 2015), will contribute to the reduction in weight
loss demonstrated in this study.

Body weight losses can be especially detrimental
to first parity sows, which are especially sensitive to
body reserve depletion. In general, gilts are not physi-
ologically mature at the time of first mating (Everts,
1994) and so do not have enough body reserves at first
farrowing, and their feed intake capacity is not suf-
ficient to fulfill energy needs during lactation (Mejia-
Guadarrama et al., 2002). The results of this analysis
did not show significant effects of phytase inclusion on
weight loss in first parity sows, although a trend was
observed for both absolute and relative BW change (P
< 0.1). The nonsignificance of the data may be due to
the low number of first parity animals (n = 39) com-
pared with older animals (z = 249). In midparity sows
(parities 2, 3, and 4), there were significant linear re-
lationships between phytase dose and all investigated
parameters: BW change in kilograms and percent (P <
0.001), daily feed intake (P < 0.05), and daily energy
intake (P < 0.05). Percent BW change also had signifi-
cant quadratic effects (P < 0.05).

The effect of phytase in maintaining body con-
dition in P-deficient diets was greatest in older sows
(parity 5+), reducing BW loss by 13.20, 13.89, 15.77,
and 15.36 kg at 250, 500, 1,000, and 2,000 FTU/kg,
respectively, with significant linear effects (P < 0.05).
This is likely linked to the high BW loss of older
sows on the NC (32.00 kg, 11.78%), suggesting that
older sows are less capable of adapting to Ca- and
P-deficient diets than younger sows.

Although higher parity sows can recycle and con-
ceive with higher lactation weight losses compared with
first-parity animals (Thaker and Bilkei, 2005), reduced
weight losses in higher parity sows will reduce culling
and replacement rate. Maintaining these indicators of
reproductive performance will improve sow longevity,
as culling rates increase with decreasing reproductive
performance (Stalder et al., 2004; Sasaki and Koketsu,
2008), especially for young sows, where reproductive
failure is the main reason for removal from the herd
(Lucia et al., 2000). Increasing longevity will also re-
duce overall costs to the producer. Replacing sows at
the end of their productive life incurs a financial cost:
the difference in value between cull sows and replace-
ment gilts is known as “livestock depreciation” and
varies from herd to herd and between years.

Strategies to reduce lactating weight loss often
involve increasing the fat and energy intake by sows

(Eissen et al., 2003; Smits et al.., 2013). No significant
differences in DM, OM, or CP digestibility were seen
in this study, in line with the results of Jongbloed et al.
(2004) and Kemme et al. (1997a,b).

No significant differences were seen in daily energy
intake in the overall data set, but significant differences
were seen in both mid-parity (parities 2—4) and older
(parities 5+) sows. In both cases, energy intake was re-
duced in the NC treatment compared with the PC (P <
0.05), and the addition of phytase restored equivalence
to the positive control (P > 0.05). However, a signifi-
cant increase in energy digestibility was seen with all
levels of supplementary phytase (Table 4; P < 0.0001).
This, which supports the ability of the Buttiauxella sp.
phytase to reduce BW loss, both in absolute and per-
centage terms, will likely improve sow reproductive
performance, although no significant effects on piglet
performance were seen in this study.

These results show that the Buttiauxella sp. phy-
tase is effective at improving the digestibility of both
P and Ca in lactating sows. Previous sow studies
(Lantzsch and Drochner, 1995; Kemme et al., 1997a,b)
using an Aspergillus niger phytase reported increased
total tract digestibility of P, with no significant effects
on Ca. Jongbloed et al. (2004) did find a significant ef-
fect of a Peniophora lycii phytase supplementation on
Ca digestibility, although the authors attributed this to
supplemental limestone in the NC. Unlike Jongbloed
et al. (2004), the diets in the experiments investigated
in this analysis did not try to balance the Ca:P ratios
of the PC and NC; therefore, the improvement can-
not be the result of supplemental limestone. Phytate
is known to chelate with Ca and other trace miner-
als, reducing their bioavailability (Wise, 1983), and
phytase-driven improvements in Ca digestibility are
widely reported in younger pigs (Traylor et al., 2001;
Brana et al., 2006; Rutherford et al., 2014).

Each study in this analysis used cross-fostering
procedures, reducing the variation in litter size and
piglet weight for each sow. However, piglet perfor-
mance is often dependent on the level of sow health
and nutrition before farrowing and in early lactation
(Revell et al., 1998). As the Buttiauxella sp. phytase
reduces weight loss and improves digestive capability,
continuous supplementation of sow diets throughout
the reproductive cycle may, therefore, be able to im-
prove long-term indicators of sow and piglet perfor-
mance, including pigs per sow/year, litters per sow/
year, and kilograms of pig meat raised per sow/year.

In conclusion, this study shows that the addition of
phytase to sow diets at 250 FTU/kg is able to replace
0.16% available P and 0.15% Ca in lactating sows di-
ets, enabling producers to safely lower the level of Ca
and P in sow diets. However, higher doses up to 2,000
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FTU/kg will have further beneficial effects on BW loss,
especially in older sows. The effects on younger sows
and on subsequent reproductive parameters are not yet
conclusively described and merit further attention.
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