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Summary

Background: phytase supplementation to sow diets may improve digestibility of P and Ca and bone 
integrity of suckling piglets. Objective: two experiments were conducted to investigate the effect of phytase 
supplementation to gestation and lactation diets on reproductive performance, apparent total tract digestibility 
(ATTD) of P, Ca, and N in sows and bone characteristics in sows and piglets. Methods: in Experiment 1, a 
multistate study involving 204 sows was conducted at 3 cooperating research stations. Sows were assigned to 
1 of 4 treatments at breeding: 1) negative control [low Ca and available P (aP) diet], 2) Treatment 1 plus 300 
FTU of supplemental phytase/kg of diet, 3) Treatment 1 plus 600 FTU of supplemental phytase/kg of diet, 
and 4) positive control (normal Ca and aP diet). In Experiment 2, a total of 16 sows (Yorkshire × Landrace; 
average parity, 2.3) were randomly allotted to 1 of 3 treatments based on body weight (BW) and parity at d 34 
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to 52 of gestation. Treatments were: 1) low Ca and aP diet, 2) low Ca and aP diet with 500 FTU of supplemental 
phytase/kg of diet, and 3) normal Ca and aP diet. Results: in Experiment 1, the number of total born (p<0.05), 
live born (p=0.05), litter weight of live born (p<0.01) and weaning pigs (p<0.05) were increased in a quadratic 
manner by increasing phytase supplementation level up to 300 FTU/kg. There was a linear increase in piglet 
weaning weight (p<0.05) by increasing supplemental phytase levels. There were no differences in reproductive 
performance in Experiment 2 (p>0.10). In gestation the ATTD of P was lower for the low Ca and aP without 
phytase group than the normal Ca and aP (p<0.01) and phytase-supplemented (p<0.05) groups. The ATTD of 
Ca in the normal Ca and aP group was higher than that in low Ca and aP without phytase group (p<0.05). In 
lactation, the phytase-supplemented group had higher ATTD of P compared with the other groups (p<0.05) 
whereas the ATTD of Ca in phytase-supplemented group was higher than that in low Ca and aP without 
phytase group (p<0.10). When the digestibility data was pooled for both gestation and lactation periods, the 
ATTD of P in the phytase-supplemented group was the highest among dietary treatments (p<0.05). There 
were no phytase effects on sow bone ash content at weaning, and piglet bone strength and ash content at 
birth. However, piglets from the phytase-supplemented sows had higher bone strength (p<0.10) and ash 
content (p<0.05) at weaning compared with those from non-phytase sows. There were positive correlations 
at birth between piglet BW and bone strength (p<0.01) and between bone strength and ash content (p<0.001). 
Additionally, at weaning positive correlations between piglet BW and bone ash content (p<0.05), between 
piglet BW and bone strength (p<0.001), and between bone strength and ash content (p<0.05) were observed. 
Conclusion: phytase supplementation from mid-gestation through lactation increased the ATTD of P and Ca 
both for gestating and lactating sows, improved bone integrity of their progeny, and had potential to increase 
litter size and performance but did not affect bone characteristics of sows and newborn pigs. 

Key words: bone traits, exogenous enzyme, nutrient availability, phosphorus, pig. 

Resumen

Antecedentes: la adición de fitasa a la dieta de cerdas puede mejorar la digestibilidad del P y Ca, así 
como la integridad ósea de los cerdos lactantes. Objetivo: se realizaron dos experimentos para investigar 
el efecto de la suplementación con fitasa en dietas de gestación y lactancia sobre el rendimiento reproductivo, 
la digestibilidad aparente de tracto total (ATTD) del P, Ca y N en cerdas, y las características óseas de 
cerdas y lechones. Métodos: el Experimento 1 involucró 204 cerdas evaluadas en 3 centros de investigación 
norteamericanos. Las cerdas fueron asignadas a 1 de 4 tratamientos al momento del servicio: 1) Control 
negativo [dieta baja en Ca y P disponible (aP)], 2) Tratamiento 1 más 300 unidades de fitasa (FTU)/kg 
de dieta, 3) Tratamiento 1 más 600 FTU/kg de dieta, y 4) Control positivo (dieta con contenido normal de 
Ca y aP). En el Experimento 2, un total de 16 cerdas (Landrace × Yorkshire, de 2,3 partos en promedio) se 
asignaron al azar a 1 de 3 tratamientos en el d 34 a 52 de gestación, con base en su peso corporal (BW) y 
número de partos. Los tratamientos fueron: 1) dieta baja en Ca y aP, 2) dieta baja Ca y aP con 500 FTU 
de fitasa/kg de dieta, y 3) dieta con normal contenido de Ca y aP. Resultados: en el Experimento 1, el número 
de nacidos totales (p<0,05), nacidos vivos (p=0,05), peso de la camada de los nacidos vivos (p<0,01), y cerdos 
destetados (p<0.05) se incrementó cuadráticamente con la adición creciente de fitasa hasta el nivel de 300 
FTU/kg. Hubo un aumento lineal en el peso al destete de los lechones (p<0,05) al incrementar el nivel de fitasa. 
En el Experimento 2 no hubo diferencias en rendimiento reproductivo (p>0,10). En gestación, la ATTD del 
P fue menor en el grupo de bajo Ca y aP sin fitasa que en el de normal Ca y aP (p<0,01) y que en los grupos 
suplementados con fitasa (p<0,05). La ATTD del Ca en el grupo de normal Ca y aP fue mayor que en el grupo 
de bajo Ca y aP sin fitasa (p<0,05). En lactancia, el grupo suplementado con fitasa tuvo una mayor ATTD del 
P en comparación con los otros grupos (p<0,05), mientras que la ATTD del Ca en el grupo suplementado con 
fitasa fue mayor que en el de bajo Ca y aP sin fitasa (p<0,10). Cuando los datos de digestibilidad se agruparon 
para los períodos de gestación y lactancia, la ATTD del P en el grupo con fitasa fue la más alta entre los 
tratamientos dietarios (p<0,05). No hubo efecto de la fitasa en el contenido de cenizas en hueso de las cerdas 
al destete ni en la resistencia ósea de los lechones o en las cenizas óseas al nacimiento. Sin embargo, los 
lechones de las cerdas suplementadas con fitasa tuvieron al destete mayor resistencia ósea (p<0,10) y contenido 
de cenizas (p<0,05) en comparación con los de las cerdas no suplementadas. Hubo correlaciones positivas 
al nacimiento entre el peso (BW) del lechón y su resistencia ósea (p<0,01), y entre la resistencia ósea y su 
contenido de cenizas (p<0,001). Además, se observaron correlaciones positivas al destete entre el BW del 
lechón y su contenido de ceniza en hueso (p<0,05), entre el BW del lechón y su resistencia ósea (p<0,001), y 
entre la resistencia y el contenido de cenizas óseas (p<0,05). Conclusión: la suplementación con fitasa desde 
la mitad de la gestación y durante la lactancia aumentó la ATTD del P y Ca, en cerdas tanto gestantes como 



Rev Colomb Cienc Pecu 2014; 27:178-193

Jang YD et al. Phytase supplementation in gestating and lactating sows180 

lactantes, mejoró la integridad ósea de la progenie, y mostró potencial para aumentar el tamaño y rendimiento 
de la camada, pero no afectó las características óseas de las cerdas ni de los recién nacidos.

Palabras clave: características óseas, cerdos, disponibilidad de nutrientes, enzima exógena, fósforo.

Resumo

Antecedentes: a adição de fitasse na dieta de porcas pode melhorar a digestibilidade do P e Ca, assim como a 
integridade óssea dos leitões. Objetivo: realizaram-se dois pesquisas para conferir o efeito da suplementação da 
fitasse em dietas para os períodos de gestação e lactação sobre o desempenho reprodutivo, a digestibilidade aparente 
no trato digestivo total (ATTD) de P, Ca e N em porcas, e as características ósseas de porcas e leitões. Métodos: 
o experimento 1 envolveu 204 porcas avaliadas em 3 centros de pesquisa dos Estados Unidos. As porcas foram 
designadas para um de quatro tratamentos no momento do serviço: 1) controle negativo [dieta baixa em Ca e P 
disponível (aP)], 2) Tratamento 1 mais de 300 unidades de fitasse (FTU) / kg de ração, 3) Tratamento 2, mais de 
600 FTU / kg de ração, e 4) controle positivo (dieta com teor normal de Ca e aP). No Experimento 2, um total de 16 
matrizes suínas (Landrace × Yorkshire, de 2,3 nascimentos em média) foram randomizados para 1 de 3 tratamentos 
nos dias 34-52 de gestação, com base no peso corporal (PC) e número de partos. Os tratamentos foram: 1) dieta 
pobre em Ca e Pd, 2) dieta pobre em Ca e aP com 500 FTU de fitasse / kg de ração, e 3) dieta com teor normal de 
Ca e aP. Resultados: no Experimento 1, o número de nascimentos totais (p<0,05), nascidos vivos (p=0,05), peso 
da leitegada de nascidos vivos (p<0,01) e leitões desmamados (p<0,05) aumentou quadraticamente com a adição 
crescente de fitasse no nível de 300 FTU / kg. Houve um aumento linear do peso ao desmame de leitões (p<0,05) 
com os níveis crescentes de fitasse. No experimento 2, não houve diferença no desempenho reprodutivo (p>0,10). 
Na gravidez, o ATTD de P foi menor no grupo de baixo Ca e aP sem fitasse do que no grupo Ca normal e aP 
(p<0,01) e nos grupos de fitasse suplementado (p<0,05). O ATTD de Ca no grupo normal de Ca e aP foi maior do 
que no grupo de baixo Ca e aP sem fitasse (p<0,05). Na lactação, no grupo suplementado com fitasse apresentou 
um ATTD de P maior em relação aos outros grupos (p<0,05), enquanto o ATTD de Ca do grupo suplementado 
com fitasse foi maior do que no grupo baixo de Ca e Pd e sem fitasse (p<0,10). Quando os dados de digestibilidade 
foram agrupados para os períodos de gestação e lactação, a ATTD de P no grupo com fitasse foi maior entre os 
tratamentos dietéticos (p<0,05). Não houve efeito da fitasse no teor de cinzas de osso de porcas ao desmame ou a 
força dos ossos ou cinzas ósseas dos leitões ao nascimento. No entanto, os leitões de porcas suplementadas com 
fitasse tiveram uma maior resistência óssea ao desmame (p<0,10), e cinzas (p<0,05) em comparação com as porcas 
não suplementadas. Houve correlação positiva entre peso (BW) ao nascimento do leitão e a resistência óssea (p<0,01) 
e entre a força dos ossos e cinzas (p<0,001). Além disso, foi observada uma correlação positiva entre o desmame 
dos leitões BW e teor de cinzas ósseas (p<0,05), entre BW dos leitões e a resistência óssea (p<0,001), e entre 
a resistência óssea e os conteúdos e cinza nos ossos (p<0,05). Conclusão: a suplementação com fitasse na etapa 
media da gestação e durante a lactação aumentou a ATTD de P e Ca, tanto em porcas gestantes quanto lactantes, 
melhorou muito a integridade óssea da progênie, e mostrou potencial para aumentar o tamanho e desempenho da 
leitegada, mas não afetou as características ósseas das porcas nem dos leitões recém nascidos.

Palavras chave: características ósseas, porcos, disponibilidade de nutrientes, enzimas exógenas, fósforo.

Introduction 

Phosphorus is one of the most important 
nutrients, especially in gestation and lactation, 
to maintain normal fetal development and bone 
integrity and health for both sows and piglets 
(Trottier and Johnston, 2001). The P requirement 
of sows is lower in early gestation but increases in 
late gestation (Mahan et al., 2009), and then is raised 
more in lactation to supply an adequate amount of 
P for milk production (NRC, 2012). However, P 
exists in the form of phytic acid, commonly called 
phytate, in cereal grains and plant meals. Because 
phytate P is poorly available for pigs due to the lack 

of endogenous phytase activity, adding phytase to 
swine diets is necessary to release P from phytate, 
facilitate its absorption (Selle and Ravindran, 2008) 
and thereby make it available for metabolism.

Several phytase studies which have been conducted 
for gestating and lactating sows reported phytase 
supplementation clearly improved P availability 
in the lactation diet with less consistent effects in 
gestation (Kemme et al., 1997b; Sulabo et al., 2004; 
Nyachoti et al., 2006) and did not affect reproductive 
performance (Nyachoti et al., 2006). Additionally, 
phytase supplementation may increase milk P content 
in lactation (Grela et al., 2010), and high P content and 
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phytase supplementation in the diet for nursery pigs 
increased available P (aP), resulting in increased 
bone ash content (Jones et al., 2010; Brãna et al., 
2006). However, it has not been demonstrated yet that 
phytase supplementation to sow diets has beneficial 
effects on bone characteristics of their progeny. 

Therefore, the objective of this study, conducted 
at several research stations, was to evaluate the effect 
of dietary phytase supplementation to gestation and 
lactation diets on general reproductive performance, 
apparent total tract digestibility (ATTD) of P and Ca 
of sows, and bone characteristics of their progeny.

Materials and methods

Experiment 1 and 2. Research at individual 
stations followed the guidelines stated in the Guide 

for the Care and Use of Agricultural Animals in 
Agricultural Research and Teaching (FASS, 1999) 
and was conducted under protocols approved by 
the respective Institutional Animal Care and Use 
Committees.

Animals and housing condition 

Experiment 1. A regional study involving 204 
sows was conducted at 3 experiment stations 
(University of Georgia, University of Arkansas, and 
North Carolina State University) to evaluate phytase 
effects on general reproductive performance. Sows 
were allotted to 1 of 4 treatments at breeding. The 
number of sows, genetics, and facility characteristics 
of the stations participating in this study are presented 
in Table 1. 

Table 1. Characteristics of stations involved in Experiment 1.

Station1 Sow allotted
(n)

Sows used (n) Mean parity2 Genetic background of 
sows

Weaning age 
(d) 2

Gestational 
housing

UGA 63 60 2.02 Yorkshire × Hampshire x 
Landrace  27.8 Stalls

UA 70 67 1.00 DeKalb 348 X EB 20.1 Stalls

NCSU 71 55 2.63 Landrace × Yorkshire × 
Large white 20.7 Stalls

1UGA= University of Georgia; UA= University of Arkansas; NCSU= North Carolina State University.
2Values are derived from sows actually used in the statistical analysis (rather than allotted).

During gestation, sows were fed 1.82 kg/d during 
the months of March to November, and 2.27 kg/d 
during the months of December to February for 
those stations that determined that sows needed 
greater feed intake during that time of year. Feed 
was provided on an ad libitum basis during lactation. 
Animals were on standard deworming and vaccination 
schedules particular to each station. Newborn pigs 
were processed according to standard procedures at 
each station. 

Experiment 2. A total of 16 sows (Yorkshire × 
Landrace; average parity, 2.31) were used and 
randomly allotted within body weight (BW) and 
parity groupings to the dietary treatments at d 34 
to 52 of gestation after verification of pregnancy to 

evaluate the effects of phytase on ATTD of P and Ca 
as well as bone characteristics of the offspring. All 
sows were in Parity 1 and 2 except for one advanced 
parity sow on each dietary treatment (Parity 7, 7 and 
8 in Treatment 1, 2 and 3, respectively). During 
gestation, pregnant sows were housed individually 
in gestation stalls (0.57 × 2.13 m2). At d 110 of 
gestation, all sows were moved to farrowing crates 
(1.52 × 2.13 m2) in an environmentally-controlled 
farrowing room. The crates had a plastic coated woven 
wire floor area with heat lamps for piglets and were 
equipped with a drinking nipple and feed trough for 
sows. Sows were fed 1.9 kg/d of a common gestation 
diet before being assigned to dietary treatments. 
Once allotted to treatments, the sows were fed 
1.9 kg/d of the experimental diets for gestation until 
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farrowing. Farrowing sows were provided 3.2 kg of 
the experimental diets for the first 3 days until all feed 
was consumed in a day. The feed allowance was then 
increased by 0.9 kg every 3rd day until daily feed intake 
reached at least 6.4 kg. 

Experimental diets and treatments

Experiment 1. Corn-soybean meal (SBM) basal diets 
were used in both gestation and lactation, and individual 
stations could use either regular or dehulled SBM with 
appropriate adjustments. The diets were formulated to 
meet or exceed NRC (1998) daily requirement estimates 
for all nutrients (Table 2). The same source of phytase 
(NatuphosTM 1200; BASF Corp., Mount Olive, NJ, 
USA) was used at each participating station. Two 

supplemental levels of phytase were evaluated (300 and 
600 FTU/kg of diet) in comparison with negative and 
positive control diets throughout gestation and lactation. 
The four dietary treatments were: 1) negative control 
(a low Ca and P diet with 0.1% less total Ca and P than 
recommended by NRC, 1998), 2) Treatment 1 plus 300 
FTU of supplemental phytase/kg of diet, 3) Treatment 1 
plus 600 FTU of supplemental phytase/kg of diet, and 
4) a positive control containing recommended Ca and P 
levels by NRC (1998). Treatments 1, 2 and 3 contained 
a minimum of 0.65% Ca and 0.24% aP in gestation 
and 0.65% Ca and 0.22% aP in lactation. Treatment 
4 contained a minimum of 0.75% Ca and 0.34% aP 
in gestation and 0.75% Ca and 0.32% aP in lactation. 
Limestone and dicalcium phosphate were adjusted to 
meet the assigned Ca and P levels in each treatment diet.

Table 2. Composition of the experimental diets in Experiment 1, as-fed basis1. 

   Period: Gestation Lactation
Item                      Ca, P level: Low Normal Low Normal

Ingredient (%)
  Corn, ground 84.70 84.17 70.29 69.90
  Soybean meal (47.5% CP) 12.57 12.62 27.20 27.10

  Dicalcium phosphate 1.00 1.54 0.81 1.35

  Ground limestone 0.98 0.92 0.95 0.90
  Salt 0.50 0.50 0.50 0.50

  Vitamin-mineral premix2,3 0.25 0.25 0.25 0.25

  Total: 100.00 100.00 100.00 100.00
Calculated composition
  ME (kcal/kg) 3,324 3,307 3,323 3,307
  CP (%) 13.18 13.15 18.75 18.67
  Lysine (%) 0.60 0.60 1.00 1.00
  Calcium (%) 0.65 0.75 0.65 0.75
  Total P (%) 0.50 0.60 0.53 0.63
  Available P (%) 0.24 0.34 0.22 0.32
  Phytate P (%) 0.22 0.22 0.25 0.25

1 Phytase used was NatuphosTM 1200 (1200FTU/g; BASF, Mount Olive, NJ, USA).
2 Provides per kg of diet: 10,220 IU vitamin A, 1,817 IU vitamin D3, 55 IU vitamin E, 41.8 mg niacin, 25.8 mg pantothenic acid, 7.7 mg riboflavin, 3.6 mg 
menadione, 1.22 mg thiamine, 0.88 mg pyridoxine, 1.59 mg folic. acid, 0.25 mg vitamin B12, and 1,000 mg choline chloride (Supplied by BASF, Mt. Olive, 
NJ, USA). 
3 Provides per kg of diet: 5.6 mg Ca, 0.15 mg Co, 8.75 mg Cu, 87.5 mg Fe, 1.0 mg I, 0.2 mg Se, and 87.5 mg Zn (Supplied by SEM Minerals, L. O., 
Quincy, IL, USA). 

Experiment 2. A corn-SBM-based diet was 
formulated to meet or exceed NRC (1998) nutrient 
requirement estimates (Table 3). Treatments were: 
1) low Ca and aP diet, 2) low Ca and aP diet with 

phytase (500 FTU/kg diet), and 3) normal Ca and 
aP diet. When phytase was used (Natuphos® 600G; 
BASF Corp), it was supplemented at the expense of 
corn. The contents of Ca and aP were adjusted with 
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Table 3. Composition of the experimental diets in Experiment 2, as-fed basis. 

Period: Gestation Lactation

Ca, P level1: Low Normal Low Normal

Item             Phytase, FTU/kg: 0 500 0 0 500 0

Ingredient (%)

Corn, ground 82.345 82.262 80.845 71.515 71.432 70.015

   Soybean meal (48% CP) 12.45 12.45 12.90 23.35 23.35 23.80

Phytase1 - 0.083 - - 0.083 -

Choice white grease 1.50 1.50 2.00 1.50 1.50 2.00

Dicalcium phosphate 1.02 1.02 1.61 0.95 0.95 1.54

Limestone 0.94 0.94 0.90 0.89 0.89 0.85

Salt, plain 0.50 0.50 0.50 0.50 0.50 0.50

Vitamin mix2 0.10 0.10 0.10 0.10 0.10 0.10

Trace mineral mix3 0.075 0.075 0.075 0.075 0.075 0.075

Santoquin4 0.02 0.02 0.02 0.02 0.02 0.02

Antibiotic5 0.05 0.05 0.05 0.10 0.10 0.10

Corn starch 0.75 0.75 0.75 0.75 0.75 0.75

Chromic oxide 0.25 0.25 0.25 0.25 0.25 0.25

Total: 100.00 100.00 100.00 100.00 100.00 100.00

Calculated composition

ME (kcal/kg) 3,372 3,372 3,381 3,370 3,370 3,379

CP (%) 12.75 12.75 12.84 17.04 17.04 17.12

Lysine (%) 0.59 0.59 0.60 0.89 0.89 0.90

Calcium (%) 0.64 0.64 0.75 0.64 0.64 0.75

Total P (%) 0.51 0.51 0.61 0.54 0.54 0.65

Available P (%) 0.24 0.24 0.35 0.24 0.24 0.35

dicalcium phosphate and limestone, while maintaining 
essentially equal lysine and ME with changes in corn, 
SBM and choice white grease. The calculated levels 
of Ca and aP in the diets were 0.64% and 0.24% for 
the low Ca and aP groups, and 0.75% and 0.35% 

for the normal Ca and aP group, both in gestation 
and lactation. All diets contained 0.25% chromic 
oxide (Cr2O3) as an indigestible marker that was 
premixed with corn starch for determination of 
ATTD of Ca, P and N. 

1 Phytase: Natuphos® 600G (600 FTU/g; BASF, Mount Olive, NJ, USA).
2 Supplied per kg of diet: vitamin A, 6,600 IU; vitamin D3, 880 IU; vitamin E, 44 IU; vitamin K (as menadione sodium bisulfite complex), 6.6 mg; thiamin, 4.0 
mg; riboflavin, 8.8 mg; pyridoxine, 4.4 mg; vitamin B12, 33 µg; folic acid, 1.3 mg; niacin, 44 mg; pantothenic acid, 22 mg; and d-biotin, 0.22 mg.
3 Supplied per kg of diet: Zn, 131 mg as ZnO; Fe, 131 mg as FeSO4·H2O; Mn 45 mg, as MnO; Cu, 13 mg as CuSO4·5H2O; I, 1.5 mg as CaI2O6; Co, 0.23 
mg as CoCO3; and Se, 0.28 mg as NaSeO3. 
4 Santoquin (Monsanto, St. Louis, MO, USA) supplied 130 mg ethoxyquin per kg of diet.
5 Aureo-50 supplied 55 mg/kg in the final mixed diet.



Rev Colomb Cienc Pecu 2014; 27:178-193

Jang YD et al. Phytase supplementation in gestating and lactating sows184 

Data and sample collection

Experiment 1. Data collected included sow 
BW at d 110 of gestation, farrowing (within 24 h 
postpartum), and weaning. The number of pigs at 
birth (total and alive), and weaning were recorded as 
well as BW at birth, and weaning. Overall lactation 
daily feed intake was recorded. After weaning, days 
to estrus postweaning was recorded. 

Experiment 2. The objective of this experiment 
was primarily to evaluate the effect of phytase 
supplementation in the gestation and lactation diets on 
the ATTD of Ca and P of sows and bone characteristics 
of their progeny. All sows were weighed at d 110 of 
gestation, farrowing and weaning, and piglet BW was 
also recorded at birth and weaning. Overall lactation 
daily feed intake and the numbers of pigs at birth (total 
and alive), and weaning were recorded.

The fecal collection periods were scheduled in 
gestation (d 60, 70, 80 and 90) and lactation (d 6 and 16). 
Fecal collection was conducted in the morning at each 
collection day and the collected samples were stored at 
-20 °C until processing. The fecal samples were thawed, 
dried in a forced-air drying oven at 55 °C for 1 week, 
and ground through a 1 mm screen using a Wiley 
Laboratory Mill (Model 3, Arthur H. Thomas Co., 
PA, USA) for laboratory analysis. All ground feces 
were put in a single bag for each sow and collection 
day, and then stored at 4 °C until analysis.

To investigate bone characteristics, two piglets/
litter were sacrificed at birth before suckling and at 
weaning. At weaning, all sows were moved to the 
abattoir and killed to collect bone samples. The 3rd and 
4th metacarpals of each foot of the sows were collected 
to analyze bone ash contents and the femurs from 
piglets were collected to measure bone strength and 
ash content. Collected bone samples were autoclaved 
at 120 °C for 3 minutes and soft tissues were removed, 
and then bones were stored frozen in plastic bags.

Chemical analysis

In Experiment 2, P was assessed by a gravimetric 
method (modification of method 968.08; AOAC, 1990). 
Calcium was assessed by flame atomic absorption 

spectrophotometry (AAS; Thermoelemental, 
SOLAAR M5, Thermo Electron Corp., Verona, WI, 
USA) according to a modification of the AOAC 
(1995) procedure (method 927.02). Nitrogen was 
measured using Dumas methodology in an automatic 
N analyzer (model FP-2000, LECO Corp., Saint 
Joseph, MI, USA). Chromium concentration was 
assessed by a modification of the method described 
by Williams et al. (1962) with flame AAS.

To assess bone strength, bones were thawed and 
broken using an Instron machine (Model TM 1123; 
Instron Corp., Canton, MA, USA). To assess bone 
ash, after obtaining bone strength, bones were dried 
overnight at 105 °C. Bones were ashed at 600 °C in 
a muffle furnace overnight and total ash percentage 
was measured. 

Calculations and statistical analysis

Experiment 1. Post-study evaluation revealed a 
parity imbalance across treatments. Thus, results from 
sows greater than actual Parity 6 at study initiation 
were removed from the data analysis. This reduced the 
data set from 411 litters from 204 sows to 365 litters 
from 182 sows. The data were subjected to ANOVA 
using the GLM procedure of SAS (SAS inst. Inc., 
Cary, NC, USA) as a completely randomized design, 
with the sow or litter serving as the experimental unit. 
The model included terms for station, treatment, parity 
on study (or actual parity in a preliminary analysis), 
and all possible interactions. Linear and quadratic 
contrast coefficients were used to evaluate treatment 
effects. Because of unbalanced data observation 
by station and treatment, least squares means are 
presented and are separated by using the PDIFF 
option of SAS. 

Experiment 2. The ATTD of P, Ca, and N were 
calculated by the indicator method, using Cr contents 
in the diets and fecal samples. The formula to calculate 
ATTD was:

Apparent total tract digestibility (%) = [1 − (Crdiet/
Crdigesta) × (Nutrdigesta/Nutrdiet)] × 100

where, Crdiet is the Cr concentration in the diet, 
Crdigesta is the Cr concentration in the feces, Nutrdigesta 
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is a nutrient content in the feces, and Nutrdiet is a 
nutrient content in the diet. 

The ATTD for each nutrient was calculated for each 
collection day and was subsequently pooled for a 
single gestation and lactation values per sow and 
were also pooled to evaluate the overall treatment 
effects. 

Because of different weaning ages across litters, 
the piglet BW at weaning was normalized by the 
following equation: 

Weaning weight = BW of born alive + [(BW at 
weaning – BW of born alive)/weaning age] × 21 

Statistical data-analyses were performed on 
the reproductive performance, ATTD of P, Ca and 
N, and bone characteristics. The experimental 
data were analyzed by ANOVA as a completely 
randomized design with the GLM procedure of 
SAS. Nonorthogonal contrasts were conducted to 
compare the 3 dietary treatments. The individual 
sow or litter was considered as the experimental 
unit for the reproductive performance, ATTD 
values, and bone ash of sows, and the individual 
piglet was considered as the experimental unit for 
bone strength and bone ash content of the piglets. 
For the ATTD values in gestation and lactation 
the model included the collection day, diet, and 
diet × collection day interaction. Following the 
establishment of no diet × collection day interactions 
(p>0.10), the data were pooled within period 
(gestation and lactation) and the model included 
the period, diet, and diet × period interaction for 
overall ATTD values. For reproductive performance 
and bone characteristics, the diet effect was the 
only term used in the statistical model. In the bone 
measurements for piglets, BW for each sampling 
time was considered as a covariate. Least squares 
mean separations were accomplished by using 
the PDIFF option of SAS. Correlation coefficient 
analysis was performed with Proc Corr of SAS 
to determine correlations among piglet BW, bone 
strength and ash content at birth and weaning. An 
alpha level of 0.05 was used in Experiment 1 for 
declaration of significance but, because of limited 
experimental units in Experiment 2, an alpha level 
of 0.10 was used for declaration of significance.

Results

Experiment 1

The results of sow and litter responses by station 
in the cooperative research studies are presented in 
Table 4. Not all stations were able to collect data for 
all response measurements. As expected, there were 
several individual station effects on litter size and 
litter performance. 

The results of phytase supplementation on sow 
and litter performance are presented in Table 5. There 
were many main effects of test parity (sows could 
remain on the study for as many as 3 parities), but 
these were normal responses in performance or BW 
associated with advancing parity and, because there 
were no parity × diet interactions, these results are 
not reported. 

There were no significant dietary differences in 
sow weight measures. However, quadratic responses 
were detected in the number of total (p<0.05) and live 
born (p=0.05), and litter weight of live born (p<0.01) 
and weaning pigs (p<0.05) with the highest values 
in the 300 FTU/kg phytase supplementation group. 
A linear increase was observed in piglet weaning 
weight with increasing phytase supplementation 
levels (p<0.05). 

Experiment 2

All sows and piglets were in good health and 
condition during the experimental period. Two sows 
were removed from the gestation data set because 
one sow was not pregnant and the other sow had 
only 2 pigs at farrowing which was considered an 
abnormal litter size. Additionally, a sow from each 
of Treatment 2 and 3 was absent from the lactation 
data set because of sudden death at d 100 and 112 of 
gestation, respectively. 

In the results of sow and litter performance, phytase 
supplementation to gestation and lactation diets had 
no influences on any response measures of litter size, 
lactation daily feed intake, and BW of sows and piglets 
during lactation (p>0.10; Table 6). While, this was not 
unexpected because there were limited observations and 
piglets were slaughtered at birth and weaning, which 
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Table 4. Least squares means of station effects on sow and litter performance in Experiment 1.

Station1

 Item UGA UA NCSU SEM2 p-value

Litters (n) 130 107 128

Sow body weight (kg)

110 d of gestation 222.24 - 227.07 2.258 0.13

Farrowing 214.37 - 218.87 2.146 0.13

Weaning 211.04 - 216.56 2.350 0.09

Sow weight change (kg)

110 d of gestation to farrow -7.87 - -8.25 1.435 0.85

Farrow to weaning -3.60 - -2.51 1.440 0.59

Lactation length (day) 27.83 20.08 20.67 0.248 <0.001

Days to estrus postweaning 4.76 4.51 - 0.112 0.07

Lactation feed intake (kg/d) 8.29 5.66 5.13 0.111 <0.001

Litter size (n)

Total born 10.82 10.96 12.52 0.303 <0.001

Live born 10.52 10.23 11.45 0.294 0.01

Weaned 8.60 9.40 9.46 0.198 0.001

Litter performance (kg)

Litter weight of live born 16.79 15.03 17.10 0.414 0.001

Litter weaning weight 74.05 58.97 72.56 1.771 <0.001

Piglet weight of live born 1.64 1.52 1.52 0.029 <0.01

Piglet weaning weight 8.75 6.27 7.72 0.126 <0.001

1 UGA = University of Georgia; UA = University of Arkansas; NCSU = North Carolina State University.
2 Standard error of the mean.

further hinders examination of those measures, the 
means are provided for informational purposes when 
examining results that are presented in Tables 7 and 8.

In gestation, the ATTD of P in the low Ca and 
aP without phytase group was lower than that in the 
normal Ca and aP (p<0.01) and phytase-supplemented 
(p<0.05) groups while the phytase-supplemented 
group had similar ATTD of P compared to the normal 
Ca and aP group (p=0.37; Table 7). For the ATTD 
of Ca, the value in the normal Ca and aP group was 

similar to that in the phytase-supplemented group 
(p=0.31) but higher than that in the low Ca and aP 
without phytase group (p<0.05). In lactation, sows 
fed the low Ca and aP diet with phytase had higher 
ATTD of P compared with those fed the normal Ca 
and aP (p<0.05) or the low Ca and aP without phytase 
diet (p<0.05) whereas the ATTD of Ca in the phytase-
supplemented group was only higher than that in the 
low Ca and aP without phytase group (p<0.10). There 
were no differences for ATTD of N in gestation and 
lactation among the dietary treatments (p>0.19).
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Table 5. Least squares means of supplemental phytase effects on sow and litter performance in Experiment 1.

Diet #: 1 2 3 4

Ca, P level1: Low Normal p-value2

Item3          Phytase, FTU/kg: 0 300 600 0 SEM4 Parity Diet L Q

Litters (n) 95 93 89     88

Sow body weight (kg)

110 d of gestation 221.9 225.6 222.7 228.4 3.25 <0.001 0.51 0.86 0.39

Farrowing 213.1 216.1 215.8 221.4 3.08 <0.001 0.34 0.53 0.65

Weaning 210.8 212.2 214.2 217.9 3.38 <0.001 0.52 0.46 0.94

Sow weight change (kg)

110 d of gestation to farrow -8.7 -9.6 -6.9 -7.1 2.06 0.30 0.77 0.54 0.47

Farrow to weaning -3.1 -4.0 -1.6 -3.5 2.07 0.81 0.85 0.58 0.51

Lactation length (day) 22.78 23.03 22.89 22.74 0.305 0.28 0.91 0.80 0.60

Days to estrus postweaning 4.65 4.70 4.42 4.78 0.176 0.96 0.49 0.31 0.45

Lactation feed intake (kg/d) 6.28 6.44 6.48 6.26 0.135 0.69 0.58 0.28 0.72

Litter size (n)

Total born 11.18 11.97 10.85 11.73 0.373 0.02 0.13 0.51 0.03

Live born 10.64 11.27 10.20 10.82 0.362 <0.01 0.21 0.38 0.05

Weaned 8.99 9.46 8.99 9.16 0.246 0.51 0.46 0.99 0.11

Litter performance (kg)

Litter weight of live born 15.79b 17.30a 15.36b 16.76ab 0.508 <0.001 0.03 0.40 <0.01

Litter weaning weight 64.54 72.20 69.18 68.19 2.197 0.50 0.08 0.13 0.04

Piglet weight of live born 1.51 1.59 1.56 1.60 0.036 0.55 0.31 0.30 0.24

Piglet weaning weight 7.25 7.69 7.80 7.58 0.156 <0.01 0.06 0.01 0.38

1 Low: 0.65% Ca and 0.24% available P (aP) in gestation and 0.65% Ca and 0.22% aP in lactation. Normal: 0.75% Ca and 0.34% aP in gestation and 
0.75% Ca and 0.32% aP in lactation.
2 p-values provided are for the effect of diet, parity on test and the linear (L) and quadratic (Q) effects of phytase within the low Ca, P level. There were 
no test parity × diet or actual biological parity × diet interaction (p>0.12). 
3 Sow body weight and weight change are from data of UGA and NCSU. Days to estrus postweaning and lactation feed intake are from data of UGA and UA.
4 Standard error of the mean.
ab Means within the same row with different superscripts differ (p<0.05).

When the digestibility data were averaged for 
both gestation and lactation periods (the mean value), 
the ATTD of P in the phytase-supplemented group 
was the highest (p<0.05) and that in the low Ca and 

aP without phytase group was the lowest (p<0.05) 
among dietary treatments. For the ATTD of Ca, the 
value in the low Ca and aP without phytase group was 
lower than those in the normal Ca and aP (p<0.05) 
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Table 6. Least squares means of supplemental phytase effects on sow and litter performance in Experiment 2.

Diet #: 1 2 3

SEM3

Ca, P level1: Low Normal p-value2

Item         Phytase, FTU/kg: 0 500 0 1 vs. 2 1 vs. 3 2 vs. 3

BW4 of sows (kg)

110 d of gestation 238 228 227 7.3 0.38 0.32 0.96

Farrowing 209 212 206 10.4 0.87 0.82 0.72

Weaning 210 219 197 16.5 0.69 0.58 0.39

Lactation feed intake (kg/d) 3.67 4.12 3.73 0.714 0.67 0.95 0.73

Pigs born

Litter size (n) 10.0 8.7 10.8 1.39 0.52 0.69 0.35

Litter BW (kg) 15.7 16.8 17.0 2.37 0.75 0.67 0.95

Piglet BW (kg) 1.60 2.01 1.57 0.173 0.13 0.91 0.12

Pigs born alive

Litter size (n) 9.4 8.0 10.3 1.42 0.51 0.66 0.32

Litter BW (kg) 14.9 15.8 17.0 2.21 0.77 0.47 0.72

Piglet BW (kg) 1.63 2.02 1.66 0.158 0.12 0.91 0.16

Pigs at weaning

Wean age (day) 21.2 20.0 23.3 0.75 0.29 0.07 0.02

Litter size (n) 6.60 6.00 7.50 1.151 0.73 0.57 0.41

Litter BW (kg) 38.0 38.0 48.9 4.55 1.00 0.10 0.14

Piglet BW (kg) 6.09 6.90 6.75 0.893 0.54 0.59 0.91

Adjusted litter BW5 (kg) 37.7 39.5 45.8 4.63 0.79 0.22 0.39

Adjusted  piglet BW5 (kg) 6.03 7.07    6.22 0.772 0.37 0.86 0.48

and phytase-supplemented (p<0.05) groups, and the 
phytase-supplemented group did not differ from the 
ATTD of Ca for the normal Ca and aP group (p=0.71). 
Evaluating the period effect of gestation and lactation, 
the ATTD of all nutrients measured were enhanced in 
lactation compared with those in gestation (p<0.01). 
An interaction between treatment and period was 
observed for the ATTD of P (p<0.05) wherein the 
response to added phytase was greater in lactation 
than in gestation.

There were no differences in sow bone ash content at 
weaning, and piglet bone strength and ash content at birth 
(p>0.12; Table 8). Comparing piglet bone characteristics 
at weaning between phytase-supplemented and non-
phytase groups, phytase supplementation of the sow 
diet increased piglet bone ash content (47.6 vs. 45.1%, 
p<0.05) and bone strength (125.1 vs. 90.8 kg, p<0.10). 
Differences remained after piglet BW was considered as 
a covariate (47.5 vs. 45.4%, p<0.05 for bone ash content; 
118.7 vs 98.5 kg, p<0.10 for bone strength). 

1 Low: 0.64% Ca and 0.24% available P (aP) in gestation and lactation. Normal: 0.75% Ca and 0.35% aP in gestation and lactation.
2 n = 5, 3, and 4 for Diet 1, 2, and 3, respectively.
3 Standard error of the mean.
4 BW = body weight.
5 Weaning weight was adjusted for weaning age by the following equation: BW of born alive + [(BW at weaning – BW of born alive)/weaning age] × 21. 
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Table 8. Least squares means of supplemental phytase effects on bone characteristics and bone strength of piglets with body weight 
(BW) as covariates in Experiment 2.

Diet #: 1 2 3

SEM3

Ca, P level1: Low Normal p-value2

Item                               Phytase, FTU/kg: 0 500 0 1 vs. 2 1 vs. 3 2 vs. 3
Sow bone ash4 (%) 59.9 58.8 59.3 0.68 0.36 0.60 0.67
Piglet bone ash (%)

Birth5 47.0 47.5 47.3 0.77 0.69 0.79 0.90
Weaning 45.1 47.6 46.2 0.69 0.02 0.27 0.19

Piglet bone strength (kg)
Birth 53.7 68.2 61.8 6.29 0.12 0.35 0.51
Weaning 90.8 125.1 114.6 13.61 0.09 0.21 0.62

BW of piglets for bone sampling (kg)
Birth 1.56 1.94 1.62 0.116 0.03 0.68 0.08
Weaning 5.70 6.49 7.06 0.708 0.45 0.16 0.60

Piglet bone ash with BW as a covariate (%)
Birth 47.0 47.5 47.3 0.83 0.69 0.78 0.88
Weaning 45.4 47.5 45.9 0.65 0.03 0.60 0.10

Piglet bone strength with BW as a covariate (kg)
Birth 56.7 61.5 63.2 6.01 0.60 0.41 0.86
Weaning 98.5 118.7 108.4 7.32 0.07 0.33 0.37

Table 7. Least squares means of supplemental phytase effects on apparent total tract digestibility (%) of nutrients in Experiment 2.
Diet #: 1 2 3

SEM3
Ca, P level1: Low Normal p-value2

Item               Phytase, FTU/kg: 0 500 0 1 vs. 2 1 vs. 3 2 vs. 3
Phosphorus digestibility

Gestation4 22.6 27.7 29.6 1.52 0.03 0.001 0.37
Lactation5 34.8 46.3 35.4 2.89 0.01 0.87 0.02
Mean6, *, ** 28.6 37.0 32.6 1.40 <0.001 0.04 0.03

Calcium digestibility
Gestation 21.2 23.6 26.4 1.91 0.38 0.05 0.31
Lactation 27.3 37.2 32.4 3.89 0.09 0.34 0.41
Mean* 24.4 30.4 29.4 1.84 0.03 0.04 0.71

Nitrogen digestibility
Gestation 84.4 83.6 84.2 0.60 0.36 0.78 0.51
Lactation 90.4 89.4 89.6 0.49 0.19 0.25 0.80
Mean* 87.4 86.5 86.9 0.48 0.20 0.44 0.59

1 Low: 0.64% Ca and 0.24% available P (aP) in gestation and lactation. Normal: 0.75% Ca and 0.35% aP in gestation and lactation.
2 For gestation period, n = 19, 16, and 20 for Diet 1, 2 and 3; for lactation period, n = 9, 6, and 8 for 1, 2 and 3, respectively. 
3 Standard error of the mean.
4 Sample collection dates for gestation periods were d 60, 70, 80, and 90. The numbers of sows for Diet 1, 2 and 3 during gestation were 5, 4 and 5, 
respectively.
5 Sample collection dates for lactation periods were d 6 and 16. The numbers of sows for Diet 1, 2 and 3 during lactation were 5, 3 and 4, respectively.
6 Data pooled across gestation and lactation.
* Period effect of gestation and lactation (p<0.01).
** Interaction between treatment and period (p<0.05). 

1 Low: 0.64% Ca and 0.24% available P (aP) in gestation and lactation. Normal: 0.75% Ca and 0.35% aP in gestation and lactation.
2 For sow, n = 5, 3 and 4 for Diet 1, 2 and 3; for piglet, n = 10, 6 and 7 at birth and n = 9, 5, and 7 at weaning for Diet 1, 2 and 3, respectively.
3 Standard error of means.
4 All sows were slaughtered at weaning.
5 Birth observations were obtained from piglets sacrificed before suckling.
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In the results of the correlation analysis, there were 
positive correlations at birth between piglet BW and bone 
strength (r=0.53; p<0.01) and between bone strength and 
ash content (r=0.68; p<0.001, Table 9). Additionally, 
at weaning there were positive correlations between 
piglet BW and bone ash content (r=0.46; p<0.05), 
between piglet BW and bone strength (r=0.85; p<0.001), 
and between bone strength and ash content (r=0.49; 
p<0.05).

Table 9. Pearson correlation coefficients between piglet body 
weight (BW), bone ash and bone strength at birth and weaning 
in Experiment 2.

Item BW Bone ash

At birth

   Bone ash 0.014 (p=0.95)

   Bone strength 0.531 (p<0.01) 0.683 (p<0.001)

At weaning

   Bone ash  0.457 (p=0.04)

   Bone strength 0.850 (p<0.001) 0.489 (p=0.03)

Discussion

Aaron and Hays (2001) stated that progress in 
sow nutrition and management research is impeded 
by large variation among sows in the economically 
important reproductive traits. With normal variation, 
the number of replications needed to detect a 10% 
difference in litter size at birth with an 80% chance 
of detecting that difference and a 10% probability 
level is 112 sows per treatment. Although none of 
the 3 participating stations could dedicate that many 
sows to the experiment individually, about 90 litters 
per treatment are collectively reported herein, and 
those numbers were adequate to detect differences 
in several responses. 

The relative lack of differences in sow BW and 
litter size among all dietary treatments in both studies 
mean that the reduced Ca and P contents in gestation 
and lactation diets had no detrimental effect on 
reproductive performance, which agrees with Nyachoti 
et al. (2006) who reported that low levels of Ca and P 
in the gestation and lactation diets with phytase had 
no negative effects on sow BW and piglet growth 
during the nursing period. In Experiment 1 there was 

a quadratic effect of phytase supplementation on litter 
size. The lower level of phytase supplementation 
inexplicably increased litter size and weight at birth, 
and litter weight at weaning while those responses 
were diminished when sows were fed the highest 
level of phytase. Additionally, piglet weaning 
weight was linearly increased by increasing level of 
phytase supplementation. Grela et al. (2010) reported 
higher numbers of live born and weaned pigs with 
phytase supplementation (500 FTU/kg with low P 
content) and higher litter weight at birth and weaning 
in the high P or phytase supplementation groups in 
comparison with a low P group. In agreement with 
these recent data, the results of the present study 
suggest that phytase supplementation to low P diets 
could improve litter growth. However, there is limited 
information to explain the reason why quadratic 
responses appeared in litter size and performance by 
phytase supplementation levels. Nevertheless, the 
number of pigs at weaning did not differ from the 
normal Ca and aP diet. Lyberg et al. (2007) reported 
higher numbers of piglets born from sows fed low 
P diets supplemented with phytase compared with 
sows fed a high P diet but it was not maintained 
until weaning because of a negative effect on piglet 
mortality. In contrast, Nyachoti et al. (2006) reported 
sow and litter performance was not affected by 
phytase supplementation. Therefore, further study 
is needed to clarify the phytase effect on litter size 
and performance and possible modes of action (e.g. 
increase of P content in colostrum and milk) in 
addition to simply supplying additional P.

In Experiment 2, as with Experiment 1, there 
were no significant differences on reproductive 
performance including BW of sows and piglets and 
litter size at birth and weaning. As stated, this was not 
unexpected because there were limited observations 
and piglets were slaughtered at birth and weaning. 
But the primary objectives of Experiment 2 were not 
normal production measures but ATTD of Ca and P 
and offspring bone characteristics. 

In Experiment 2 phytase supplementation 
improved the ATTD of P both for gestating and 
lactating sows. These results agree with many 
previous studies that report phytase supplementation 
increases P digestibility and availability in gestating 
and lactating sows (Kemme et al., 1997a, b; Baidoo 
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et al., 2003; Jongbloed et al., 2004; Nyachoti et al., 
2006; Männer and Simon, 2006; Hanczakowska et 
al., 2009; Grela et al., 2011). The low Ca and aP diet 
without phytase reduced the ATTD of Ca and P in 
gestation and phytase supplementation to this diet 
then improved ATTD to levels similar to that in the 
normal Ca and aP group, which agrees with previous 
studies (Jongbloed et al., 2004; Hanczakowska et al., 
2009). Additionally, in lactation the ATTD of Ca was 
increased by phytase supplementation compared with 
the non-phytase group. The possible mode of action 
whereby Ca digestibility improves by supplementing 
phytase could be that when phytase hydrolyzes 
phytates, there is limitation of Ca-phytate complex 
formation in the small intestine that blocks intestinal 
Ca absorption (Selle et al., 2009). In addition, already 
phytate-bound minerals may be liberated and become 
available for absorption from the intestine (Kemme 
et al., 1999). Jongbloed et al. (2004) observed an 
improvement of Ca digestibility in gestation and 
lactation by phytase supplementation and Grela et 
al. (2011) also demonstrated the same effect in lactating 
sows. Nyachoti et al. (2006) reported Ca digestibility 
in gestation was slightly improved when sows were fed 
phytase-supplemented diets, but more so in lactation. 
Therefore, supplementing phytase to sow diets appears 
to improve the ATTD of Ca as well as that of P. 

The interaction between treatment and period 
observed for the ATTD of P was due to a difference 
in magnitude of the improvements in P digestibility 
of gestating and lactating sows by phytase 
supplementation and not to a difference in the 
direction of the response. In gestation, phytase 
supplementation improved the ATTD of P to levels 
similar to the normal Ca and P group whereas a 
more pronounced effect of phytase was observed in 
lactation. In the ATTD of Ca, the mean value was 
improved by phytase supplementation similar to 
that in the normal Ca and P group which, as with the 
ATTD of P, was associated with a slight improvement 
in gestation and greater improvement in lactation. 
Across studies, the phytase effect on P digestibility 
in gestation is conflicting. Several studies reported 
that gestating sows had an increased P digestibility 
when fed phytase in the low P diets (Jongbloed et 
al., 2004; Männer and Simon, 2006; Hanczakowska 
et al., 2009) whereas Nyachoti et al. (2006) reported 
phytase supplementation with 500 FTU/kg in a 

corn-SBM based diet with low P level showed a 
positive effect on P digestibility in lactation but not 
in gestation. Kemme et al. (1997b) also reported 
that even though mean gestation P digestibility was 
increased by supplementing phytase at 500 FTU/kg of 
diet, no improvement in P digestibility from phytase 
addition was observed in the mid-gestation period 
(d 60 of gestation). While phytase supplementation 
levels may have varied among the reported studies, it 
should be noted that P levels of the low P diets used 
in the studies which showed no effect of phytase on P 
digestibility for gestating sows (0.48% total P; Kemme 
et al., 1997b, Nyachoti et al., 2006) were relatively 
higher than those in the other studies which reported 
the improvement of P digestibility in gestating sows 
from phytase supplementation (0.36 to 0.39% total 
P; Jongbloed et al., 2004; Männer and Simon, 2006; 
Hanczakowska et al., 2009). This indicates that the 
inconsistent effect of dietary phytase supplementation 
in gestating sows that is reported might be attributed to 
different levels of aP for sows from the diet. Regarding 
the reproductive period effect, higher digestibilities 
of P, Ca, and N were detected in lactation compared 
to gestation. This observation is in full agreement 
with previous research (Kemme et al., 1997b; Sulabo 
et al., 2004; Jongbloed et al., 2004). Kemme et al. 
(1997b) demonstrated lactating sows had higher 
apparent digestibilities of Ca and P than gestating 
sows. Similarly, Sulabo et al. (2004) reported that the 
ATTD of P was higher in lactation than in gestation 
by as much as 14.7%. Theoretically, P released from 
the diet containing phytase could provide sufficient 
amounts of aP for gestating sows close to or above 
their P requirement (Kemme et al., 1997b). However, 
lactating sows demand more nutrients to produce 
milk, resulting in increased Ca and P requirements 
(NRC, 2012). In this study it could be assumed that 
lactating sows consumed more aP and phytate P than 
gestating sows because of ad libitum feed allowance 
and approximately 2 times higher proportion of 
SBM in the lactation diet than in the gestation diet. 
Therefore, more pronounced effect of phytase in 
lactating sows than gestating sows may be likely due 
to both higher consumption of available nutrients (i.e. 
P) as well as substrates for phytase in lactation than 
in gestation. 

In the results of bone characteristics, no phytase 
effects on bone strength and ash content of piglets at 
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birth were observed, even though the ATTD of P was 
increased in the gestation period. Mahan and Vallet 
(1997) suggested that the contents of Ca and P in fetus 
and milk were not affected by inadequate levels of 
these elements in sow diets. Additionally, the bone ash 
content of newborn pigs was not influenced by dietary 
Ca and P levels under or above the requirements for 
gestating sows when assessed by Mahan and Fetter 
(1982). Therefore, in the current study the lack of an 
improvement in bone integrity of newborn pigs in 
spite of increased P absorption in gestating sows is 
not surprising.  At weaning, while no differences were 
detected in sow bone ash content, piglet bone strength 
and ash content showed clear improvements related 
to phytase supplementation of the sows. Previous 
research has reported that phytase supplementation 
both in gestation and lactation increased P level in 
milk as well as colostrum (Grela et al., 2010; Czech 
et al., 2011). Even though the nutrient content of 
milk was not evaluated in this experiment, it could be 
hypothesized that the increased P digestibility from 
phytase supplementation positively affected milk P 
level and thereby bone integrity of the progeny was 
improved. 

There were several positive correlations among 
piglet BW, bone strength and ash content at birth 
and weaning. Piglet bone strength was correlated 
with BW regardless of sampling times. In the case of 
bone ash content, there were correlations with bone 
strength both at birth and weaning and with piglet 
BW at weaning. Crenshaw et al. (1981) reported 
that an increase in bone mineralization led to an 
increased maximum stress and bending moment of 
bone. When the bone mineral density was high, not 
only ash, Ca and P concentration of the bone were 
increased, but also bone strength increased (Nielsen 
et al., 2007). These previous studies provide the 
possible explanations for the correlations in this study 
where higher bone ash contents led to increased bone 
strength.

In conclusion, phytase supplementation increased 
the ATTD of Ca and P both for gestating and lactating 
sows, with more pronounced effects in lactation than 
in gestation, and has the potential to improve litter 
performance. Although there were no significant effects 
on bone characteristics of piglets at birth, adding phytase 
to sow diets in gestation and lactation improved the bone 

integrity of their progeny at weaning, which could result 
in subsequent improvement of pig bone status.
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