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1.- SUMMARY

The standardized total tract digestibility (STTD) of Ca in most major feed ingredients
used in diets for pigs has been determined and the positive impact of microbizal phytase on
STTD of Ca has also been demeonstrated. The requirement for STTD Ca by all groups of growing-
finishing pigs has also baen reported, and it is, therefare, possible to formulate diets for
growing-finishing pigs, either without or with microbizal phytase, based on values for 5TTD Ca
rather than total Ca. Because of the tight relationship between the needs for STTD Ca and
STTD P, it is likely that the ratio between STTD Ca and STTD P is more important than the
absolute values, but values for the ratio needed to maximize growth performance changes
during the growing-finishing period. To maximize growth performance of 11 to 25 kg pigs, a
ratio between STTD Ca and STTD P of less than 1.39:1 is required, whereas a ratio of less than
1.10:1 is required for pigs from 100 to 130 kg, However, to maximize bone ash in pigs, greater
ratios are needed. In conclusion, results of research published over the last decade has
Provided information needed to formulate diets for growing-finishing pigs based on

requirements for STTD Ca.

—
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2.- INTRODUCTION

Current requirements for Ca in diets for growing pigs are based on requirements for
total Ca whereas requirements for P are expressed as the requirement for standardized total
tract digestibility (STTD) of P (NRC, 2012). The reason for this difference is that at the time the
MRC (2012) requirements were established, no values for the STTD of Ca in feed ingredients
used in diets for pigs were available. However, because of differences in digestibility of Ca
among feed ingredients it was acknowledged that the accuracy of diet formulation would be
improved if diets could be formulated based on STTD of Ca rather than total Ca (MRC, 2012),
As a consequence, over the last decade, values for the 5TTD of Ca by growing pigs in most of
the commonly used feed ingredients have been published and it is, therefore, now possible

to formulate diets based on STTD Ca rather than total Ca.

The widespread use of microbial phytase in diets for pigs has increased the need for
formulation of diets based on STTD Ca rather than total Ca because phytase in addition to
releasing P also releases Ca from phytate, and therefore, increases the STTD of Ca (Gonzalez-
Vega et al.,, 2013; 2015a; 2015b; Zhai et al., 2021, Lagos et al,, 2022). Microbial phytase also
reduces the endogenous losses of Ca from pigs by preventing binding of endogenous Ca to
phytate (Lee et al., 2019a), which further increases the STTD of Ca, and therefore, increases

the need for formulating diets based on STTD Ca rather than totsl Ca.

Severe negative effects of excess Ca in diets for growing pigs have been demonstrated
repeatedly (Gonzalez-Vega et al., 2016a; 2016h; Merriman et al, 2017; Lagos et al,, 2019a;
2013b). It is likely that the negative effects of Ca partly is a result of binding of Ca ta P in the
digestive tract of pigs resulting in formation of un-digestible Ca-P complexes, which reduces
digestibility of P, As a consequence, excess dietary Ca may create a P-deficiency even if the
required concentration of digestible P is included in the diet (Stein et al., 2011: Lee et al,,
2020). Unfortunately, commercial diets for pigs in the United States on average contain almost
0.20% more Ca than believed by formulating nutritionists (Lagos et al., 2023), which is likely
due to a lack of knowledge about the concentration of Ca in all ingredients in the diets, An
excess of 0.20% Ca will likely result in a reduction of average daily gain of at least 50 to 60
grams per day (Merriman et al., 2017). To avoid excess Ca in diets, it is necessary that the

concentration of Ca in all feed ingredients, including all feed additives, in the diets Is known
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when diets are formulated and control programs to cenfirm that final complete diets are
produced without excess Ca need to be implemented. In addition, formulation of diets bazed
on STTD Ca will further improve the accuracy of diet formulation because differences in Ca
digestibility among ingredients can be taken into account and the Impact of microbial phytase
on 5TTD of Ca can be accounted for in the formulation. As a consegue nce, it may be beneficial
to formulate diets based on values for STTD Ca rather than total Ca. The current contribution
will attempt to review recent literature on 5TTD of Ca and requirements for STTD Ca by
growing-finishing pigs. A more comprehensive review of this topic was recently published

(Lee et al., 2023).
3.- DIGESTIBILITY OF CA

Calcium is digested and absorbed in the stomach and small intestine of pigs and there
appears to be no or very limited absorption of calcium in the large intestine [Gonzalez-Vega
et al, 2014), but because it is easier to estimate total tract digestibility than ileal digestibility,
digestibility of Ca is usually measured over the entire intestinal tract, However, due to the
secretion of endogenous Ca into the intestinal tract (Gonzalez-Vega et al., 2013; Nelson et al.,
2022}, values for apparent total tract digestibility of Ca need to be corrected for endogenous
losses of Ca, which results in calculation of values for STTD of Ca. Thus, measurements and
calculation of STTD of Ca is identical to the procedures used to determine STTD of P (NRC,
2012). The STTD of Ca in most Ca-containing feed ingredients of animal or plant origin has
been reported (Table 1; Gonzalez-Vega et al, 2013; 2015 a: 2015 b: Merriman et al., 2016b;
Zhang et al., 2016).

Likewise, values for the STTD of Ca in limestone, meonocalcium phosphate, and
dicalcium phosphate are available (Gonzalez-Vega et al., 2015a: Merriman and Stein, 2016;
Kwon and Kim, 2017; Zhang et al., 2016; Zhang and Adecla, 2017; Lee et al., 2019b). There
are, however, only few values for the digestibility of Ca in cereal grains and cereal grain co-
products (Bohlke et al., 2005), but due to the very low concentrations of Ca in these
ingredients, this is of limited practical importance. In most practical diets, at least 50% of the
Ca is from limestone/calcium carbonate and in diets that contain microbial phytase, limestone
may account for more than 75% of all the Ca in the diets. Limestone is, therefore, the most

impartant ingredient when it comes to determining Ca digestibility. The STTD of Ca in calcium
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carbonate has been determined in several experiments and although small differences among
sources of calcium carbonate have been reported (Lee et al., 2015b; Nelson, 2023), the STTD
of Ca in calcium carbonate usually is between 65 and 75% (Gonzalez-Vega et al., 2015a;

Merriman and Stein, 2016; McGhee and Stein, 2019; Lee et al., 2019b; Nelson, 2023),

Table 1. Standardized total tract digestibility [STTD) by growing pigs of Ca in feed ingredients
without and with microbial phytase

Item, % 5TTD of Ca
Supplementation with phytase® - v
Mineral supplements

Monocalcium phosphate? BE a6

Dicaleium phosphate®** 204 &0

Ca carbonate® %5 & L4510 73 78

Plant feed ingredients

Canola mea|®® 1 42 a5
Soybean meal® % 12 7B
Sunflower meal® 26

Animal feed ingradients

Meat and bone meal*? 7 82
Meat meal*! 77 865
Fish meal* 65 73
Poultry meal* 82 82
Poultry by product meal™? 88 88
Skim milk powder® a7

Whey powder® 99

Whey permeata® 90 -

“Phytase level varied from 500 1o 1,500 phytase units/kg diet. ? Gonzdlez-Vega et al, (2015b). * Zhang and Adeala
(2017). * Lee et al. (20196). * Blavi et al. (2017).  Merriman and Stein (2026}, 7 Merriman at al. (2016a),
*Unpublished data from the University of lllinols. ® Zhang et al. (2016}, * Kwen and Kim (2017). 1 Gonzdlez-Vega
etal., 2013, ™ Bohlke et al. {2005). * Merriman et al. (2016b). * Gonzdlez-Vega et al,, 20153,

Some plant ingredients including soybean meal, bakery meal, and distillers dried grains
with solubles have large variations in Ca concentrations (Fig. 1; Pedersen et al., 2007: Sotak-
Peper et al, 2016; Liu et al, 2018), but the reason for these variations is that calcium

carbonate is sometimes added to these ingredients as a flow agent. The actual concentration
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of calcium carbonate in diets for pigs, therefore, often is greater than indicated only by the

inclusion of calcium carbonate or limestone in the formulation,

Figure 1. Variation in concentration of Ca among 20 sources of soybean meal {Sotak et al., 2016)
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3.1.- Effect of microbial phytase on Ca digestibility

Early waork with microbial phytase demonstrated that phytase does not only increase
the digestibility of P, but also the digestibility of Ca. The reason for this effect Is that Ca and
other divalent cations can bind to the negative charges on the P groups in phytate, but as
microbial phytase hydrolyzes the ester bonds that connects P to the inositol ring in phytase,
the cations attached to P will be released when P is released. Because microbial phytase is
included in the majority of practical diets for pigs, effects of microbial phytase on the
digestibility of Ca, therefore, needs to be taken into account in diet formulation. However,
although it is acknowledged that microbial phytase increases the digestibility of Ca (Gonzalez-
Vepa et al., 2015a; 2015b; Lagos et al., 2022), quantitative effects of microbial phytase on the
digestibility of Ca is not well understood, and the increase in 5TTD of Ca in a feed ingredient
that is realized by increasing levels of dietary phytase has not been quantified for all phytases,
The impact of phytase on Ca digestibility of plant feed ingredients is a combination of release
of indigenous Ca from phytate, prevention of binding of Ca from limestone and animal
proteins to phytate, and reduced endogenous losses of Ca (Gonzalez-Vega et al,, 2013; 2015b;
Lee et al., 2019a; Nelson et al., 2022). Because the number of Ca ions relative to P ions that
are liberated from phytate changes as the dose of phytase increases, there is no easy way to

predict the impact of phytase on Ca digestibility. The first P ion that is released from phytate
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will result in release of two Ca jons because Ca s 3 divalent jon, but for each subsequent
release of P, only one Ca will be released and if phytate is completely hyd rolyzed, no Ca ions
will be released when the last one or two P ions are released. As a conseq uence, the ratio of
released Ca to released P changes with the concentration and effectiveness of phytase being
used (Table 2), which in turn results in different increases in digestibility of Ca and P as more
phytase is added to the diets (Fig. 2; Lagos et al., 2022). In addition, because the number of
Ca ions that are bound to P is affected by the presence of other divalent cations in the diet,
including Zn and Mg, the release of Ca is not constant among different types of diets. As an
example, if dietary Zn is increased, the impact of microbial phytase on Ca digestibility is
reduced (Blavi et al., 2017) presumably because Zn occupies some of the binding sites in the
phytate molecule, and therefore, prevents Ca from binding. However, currently, there is a lack
of information about the release of different cations by phytase and the impact of i increasing

levels of phytase in the diets on Ca digestibility is not well understood.

Table 2. Theoretical release of Ca from phytate by microbial phytase!

P ions released Ca ions released Ca:P ratio of released Ca and P
1 2 2.00:1
2 1 1.50:1
3 1 1.331
4 1 1.25:1
5 0 1.00:1
B li] 0.83:1

! Assuming there are a total of 5 Ca and 6 P bound ta phytate,

Figure 2. Impact of microbial phytase on digestibility of Ca and p by growing pigs (Lagos et al., 2022)
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3.2.- The role of vitamin D in Ca digestibility

Absorption of Ca from the lumen of the small intestine aceurs through Ca channels
that are located on the luminal site of the enterocytes that line the villi in the small intestine.
After absorption into the enterocytes, transport proteins aid in the transfer of Ca to the
basolateral site of the entemcﬁres, where a sodium dependent active transporter will transfer
the Ca ion to the interstitium before transport to the liver via the hepatic portal vein. At low
concentrations of Ca in the diets, the efficiency of Ca absarption is inereased by binding of
1.25 (OH}a D1, which is the active form of vitamin D, to vitamin D receptors located on the
enterocytes, resulting in increased expression of Ca channel proteins and Ca tran sport
proteins (Gonzalez-Vega et al., 2016b). However, at greater concentrations of Ca in the diets,
the tight junctions between enterocytes become selectively permeable allowing for Ca to be
absorbed not only via the Ca channels in the enterocytes, but also via paracellular transport

of Ca from the intestinal lumen to the interstitium (Lagos et al,, 2019b).

Because vitarnin D is supplied to swine diets in the form of un-hydroxylated vitamin Dz,
pigs need to hydroxylate vitamin D at the 1 and at the 25 pasitions, which takes place in the
kidneys and the liver, respectively, to generate the active form of the vitamin, which is 1.25
{OH)z Da. It is believed that pigs are efficient in this conversion, but recent data from
experiments with gestating sows indicated that the STTD of both Ca and P is increased if
metabolites of vitamin Dy, in the form of either 1-0OH-Ds or 25-0H-Ds, s supplied in the diets
(Lee and Stein, 2022; Lee et al., 2022). In subsequent experiments, it was confirmed that the
digestibility of Ca and P also is increased in growing pigs if one of the vitamin Dy metabaolites
is added to the diets (Univ. Illinois, unpublished). Because vitamin Ds; and vitamin Ds
metabolites increases Ca absorption, whereas microbial phytase increases the number of Ca
ions that are available for absorption, effects of vitamin Dz metabolites and microbial phytase
are additive. However, additional research is needed to fully understand the impacts of
vitamin D; metabolites on Ca absorption and to determine why un-hydroxylated vitamin Dy
appears to be less efficient in aiding in abserption of Ca and P than a hydroxylated metabolite

of vitarmin Dj.
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4.- REQUIREMENTS FOR DIGESTIBLE CA

The majority of Ca in the body of pigs is stored in bones and to synthesize bone tissue,
both Ca and P are needed along with a protein matrix. Although a number of other minerals
are also needed in the synthesis of bone tissue, Ca is quantitatively the most important
mineral and constitutes around 38% of hane ash whereas P is present at around 17% (Lagos
et al., 2019a; 2019b). Because of these rather constant concentrations of Ca and P in bone
tissue, the ratio between Ca and P is fixed and does not change regardless of provisions of Ca
and Pin the diets. As a consequence, if either Ca or P is deficient in the diet, pigs will synthesize
less bone ash, meaning that the bones will become smaller, but still with the same Ca to P
ratio (Gonzalez-Vega et al., 2016b; Merriman et al., 2017; Lagos et al., 2019a; 2019b). It is,
therefore, important that the ratio between Ca and P in diets for growing pigs meet the need
for synthesis of bone tissue. However, whereas Ca is primarily used in bone tissue synthesis,
P is also used in the synthesis of soft tissues and other compounds in the bady, but as pigs
Erow older, the proportion of absorbed P used for bone tissue synthesis increases relative to
the proportion used for soft tissue synthesis. In finishing pigs, the dietary ratio between Ca
and P needed to maximize bone ash closely resembles the ratio between the two minerals in
bane ash whereas in smaller pigs, a lower ratio between Ca and P is needed to maximize bone
ash because a larger proportion of the absorbed P is used in soft tissue synthesis. To maximize
bone ash in growing finishing pigs, the ratio between Ca and P, therefore, is linearly increased
from 11 to 130 kg (Table 3). However, dietary concentrations of Ca and P needed to maximize
bone ash are greater than the concentrations needed to maximize growth performance (NRC,
2012). Likewise, the ratios between STTD Ca and STTD P needed to maximize growth
performance are different from thase needed to maximize bone ash. Because of the strong
negative effects of excess dietary Ca on growth performance, the ratios between STTD Ca and
STTD P that are needed to maximize growth performance are maximum ratios that should not
be exceeded. The ratio between STTD Ca and STTD F needed to maximize grawth performance
of pigs between 11 and 25 kg does not exceed 1.39:1, but this ratio gradually decreases as
pigs become heavier, and for pigs between 100 and 130 kg, the ratio should not exceed 1.10:1
({Table 3),
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Table 3. Requirements for standardized total tract digestible [$TTD) Ca and STTD P to maximize
growth performance (average daily gain) or bone ash by growing-finishing pig!

[tem Weight, kg : 11-25 25-50 50-75 75-100 100-135

STTD P2, % 0.33 031 0.27 0.24 0.21

Growth performance’

5TTD Ca, % 0.47 041 0.34 0.29 0.23

STTD Ca to STTD P ratio 1.38 131 1.26 1.19 1.10

Bone ash®

5TTD Ca, % 0.55 0.56 0.54 0.52 0.49

STTD Ca to STTD P ratio 1.67 1.81 2.00 .15 233

! Estimates were calculated from published data [Gonzdlez-Vega et al., 2016a; 2016b; Merriman et al,, 2017,
Lagos et al., 2019a; 2019k},

2 gaguiremnents for STTD P are from NRC (2012).

" There was a negative linear comelation between body weight (X} of growing-finishing pigs and STTD Ca:5TT0 P
ratios [¥) needed to maximize average daily gain: ¥ = -0.0031X + 1.46.

4There was a positive linear correlation between body weight (X) of growing-finishing pigs and 5TTD Ca:STTD P
ratios ¥) needed to maximize bone ash: ¥ = 0.0063X + 1.58,

These ratios were developad in experiments where pigs were fed multiple levels of
both Ca and P and the negative effects of exceeding the suggested ratios were clearly
demonstrated (Gonzalez-Vega et al, 2016b; Merriman et al., 2017; lagos et al, 2019a;
2019b). Later, these ratios were validated in an experiment with pigs fed the suggested ratios
from 11 kg to market weight and it was confirmed that pig performance is maximized if these
ratios are met, but not exceeded (Lagos et al., 2021). Results of the experiments conducted to
determine reguirements for STTD Ca also confirmed that the requirements for STTD P
suggested by NRC (2012) are adequate to maximize growth performance of terminal pigs if Ca

is not provided in excess of the suggested ratios.

Because of the different ratios between STTD Ca and STTD P needed to maximize
growth performance and bone ash, it is suggested that the ratios needed to maximize growth
performance is used for terminal pigs whereas the ratios needed to maximize bone ash are
used in diets for developing gilts that are intended to be kept for reproduction. However, due
to the negative effect of excess Ca on the STTD of P, it is also suggested that the provision of
P in diets for developing gilts is at least 10% greater than in diets for terminal pigs, and
therefore, 10% greater than NRC (2012) requirements. The advantage of farmulating diets

based on values for STTD Ca rather than values for total Ca is that differences in 5TTD among
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feed ingredients can be taken into account and effects of microbial phytase on digestibility of

Ca is also accounted for.
5.- CONCLUSION

Diets for growing-finishing pigs can be formulated based on values for STTD Ca rather
than total Ca because values for STTD of Ca in most Ca containing ingredients have been
reported. It is also recognized that both microbial phytase and two metabolites of vitamin D
increase STTD of Ca, and effects of phytase and vitamin D metabolites are additive. Excess Ca
is negative for growth performance of pigs, and diets should, therefore, be formulated based
on a ratio between STTD Ca and STTD P and the ratio between STTD Ca and 5TTD P is more
impartant than the actual concentration of the two minerals in the diets. Requirements for
STTD P suggested by NRC (2012) are accurate if Ca is not fed in excess of requirements, If STTD
P is at the requirement, growth perfarmance of growing finishing pigs between 11 kg and
market weight is maximized if the ratio between STTD Ca and 5TTD P is gradually reduced
from 1.39:1 to 1.10:1. However, far developing gilts, the provision of STTD P should exceed
NRC (2012) requirements by at least 10% and the ratio between STTD Ca and STTD P should
increase from 1.67:1in 11 to 25 kg pigs to 2.33:1 in 100 to 130 kg pigs.

6.- REFERENCES

Blavi, L., D. Sola-Oriol, J. F. Perez, and H. H. Stain. 2017, Effects of zinc oxide and microbial
phytase on digestibility of calcium and phosphorus In maize-based diets fed to Erowing
pigs. 1. Anim. Sci. 95:847-854, doi:10.2527 /jas.2016.1149

Bohlke, R. A., R. C. Thaler, and H. H. Stein. 2005 Calcium, phosphorus, and amine acid
digestibility in low-phytate corn, normal corn, and soybean meal by growing pigs. J. Anim.
5ecl, B3:2396-2403. doi;10.2 527/2005.83102396x

Gonzdlez-Vega, 1. C, Y. Liu, ). C. McCann, C. L Walk, 1. 1. Loor, and H. H. Stein. 2016a.
Requirement for digestible calcium by eleven- to twenty-five-kilogram pigs as determined
by growth performance, bone ash toncentration, calcium and phosphorus balances, and
expression of genes involved in transport of calcium in intestinal and kidney cells. 1. Anim,
Sci. 94:3321-3334, doi:10,2527/jas.2016-0444

Gonzalez-Vega, ). C,, C, L. Walk, Y. Liu, and H. H. Stein. 2013. Endogenous intestinal losses of
calcium and true total tract digestibility of calcium in canola meal fed to growing pigs. 1.
Anim. 5ci. 91:4807-4816, doi:10.2527 fjas.2013-6410

MADRID, 13 y 14 de Diciembre de 2023 KXXWII CURSO DE ESPECIALIZACION FEDNA



OPTIMUM RATIOS DIGESTIBLE CA:DIGESTIBLE P AND PHYTASE FOR PIGS 185

Gonzdlez-Vega, 1. C., C. L. Walk, ¥. Liu, and H. H. Stein. 2014. The site of net absorption of Ca
from the intestinal tract of growing pigs and effect of phytic acid, Ca level and Ca source on
Ca digestibility. Arch, Anim, Nutr. 68:126-142. doi:10.1080/1745039%.2014,852249

Gonzdlez-Vega, J. C., C. L. Walk, M. R, Murphy, and H. H. Stein. 2016b. Requirement for
digestible calcium by 25 to 50 kg pigs at different dietary concentrations of phosphorus as
indicated by growth performance, bone ash concentration, and calcium and phosphorus
balances. 1. Anim. SCJiI._Ei-'J:EEE?l-HBE. doi:10.2527 fjas. 2016-0751

Gonzalez-Vega, I. C., C. L. Walk, and H. H. Stein. 2015a. Effect of phytate, microbial phytase,
fiber, and soybean oil on calculated values for apparent and standardized total tract
digestibility of calcium and apparent total tract digestibility of phosphorus in fish meal fed
to growing pigs. J. Anim. 5ci. 93:4808-4818. doi:10.2527/jas.2015-8992

Gonzdlez-Vega, . C., C. L. Walk, and H. H. Stein. 2015b. Effects of microbial phytase on
apparent and standardized total tract digestibility of calciurm in ealeium supplements fed to
growing pigs. l. Anim. Scl. 93:2255-2264. dol:10.2527/]as.2014-8215

Kwaon, W. B., and B. G, Kim. 2017, Standardized total tract digestibility of phosphorus in various
inorganic phosphates fed to growing pigs. Anim. Sci. J. 88:918-924, doi:10.1111/asj.12785

Lagos, L. V., M. R. Bedford, and H. H. Stein. 2022. Apparent digestibility of energy and nutrients
and efficiency of microbial phytase is influenced by body weight of pigs. |, Anim. Sci.
doi:10.1093/jas/skac269

Lagos, L. V., 5. A. Lee, M. R. Bedford, and H. H. Stein. 2021, Formulating diets based on
digestible calcium instead of total calcium does not affect growth performance or carcass
characteristics, but microbial phytase amelicrates bone resorption caused by low calcium
in diets fed to pigs from 11 to 130 kg. J. Anim. Sci, 99:5kab057. doi:10.1093/jas/skab057

Lagos, L. V., 5. A Lee, G, Fondevila, C. L. Walk, M. R. Murphy, J. 1. Loor, and H. H. 5tein. 2019a.
Influence of the concentration of dietary digestible calcium on growth performance, bone
mineralization, plasma calcium, and abundance of genes involved in intestinal absorption
of calcium in pigs from 11 to 22 kg fed diets with different concentrations of digestible
phosphorus. ). Anim. Sci. Biotechnol. 10:47. doi:10.1186/540104-019-0345-2

Lagos, L. V., C. L. Walk, M. R. Murphy, and H. H. 5tein, 2019b. Effects of dietary digestible
calcium on growth performance and bone ash concentration in 50-to 85-kg growing pigs
fed diets with different concentrations of digestible phosphorus. Anim. Feed Sci. Technol.
247:262-272. doi:10.1016/].anifeedsci.2018.11.019

Lagos, L. V., J. C. Woodworth, 5. 'W. Kim, and H. H. 5tein. 2023, Short communication;
commerclal diets for pigs in the United States contain more calcium than formulated. J.
Anim. 5ci, 101:skad102. dei:10.1093/jas/skad102

Lee, 5. A, L. V. Lagos, M. R. Bedford, and H. H. 5tein. 2020. Increasing calcium from deficient
to adequate concentration in diets for gestating sows decreases digestibility of phospharus
and reduces serum concentration of a bone resorption biomarker. J. Anim, 5¢i, 98:5kaa076,
doi:10,1093/jas/skaal76

MADRID, 13 y 14 de Diciembre de 2023 KNV CURSO DE ESPECIALIZACION FEDNA



286 H.H. 5TEIN

Lee, 5.A, L. V. Lagos, L. A. Merriman, and H. H. Stein. 2023. Digestibility of calcium in calcium-
containing ingredients and requirements for digestible calcium by growing pigs. 1. Anim.
Sci. 101:1-13. doi:10.1093/jas/skad328

Lee, 5. A, L. V. Lagos, C. L. Walk, and H. H. Stein. 2019a. Basal endogenous loss, standardized
total tract digestibility of calcium in calcium carbonate, and retention of calcium in
gestating sows change during gestation, but microbial phytase reduces basal endogenous
loss of calcium. J. Anim. Sci, 97:1712-1721. doi:10.1093/jas/skz048

Lee, 5. A, L. V. Lagos, C. L. Walk, and H. H. Stein. 2019b. Standardized total tract digestibility
of calcium varies among sources of calcium carbonate, but not amang sources of dicalcium
phosphate, but microbial phytase increases calcium digestibility in calcium carbonate, ),
Anim. 5¢ci, 97:3440-3450, doi:10.1093/jas/skz176

Lee, 5. A, and H. H. Stein. 2022. Effects of dietary levels of calcium and phosphorus and 1-
alpha-hydroxycholecalciferol (1-a-OH-D3) on digestibility and retention of cakcium and
phosphorus and concentration of digestible energy in diets fed to sows in late-gestation,
Can. ). Anim. Sci, 102:184—188, dx.doi.org/10.1139/cjas-2021-0018

Lee, 5. A, L J. Torres-Mendoza, and H. H. Stein. 2022, Effects of 25-hydroxycholecaleiferol {25-
OH-D3) and 1-hydroxycholecaleiferol (1-0H-D3) on serum bone biomarkers and calcium
and phosphorus balance and concentrations of energy in diets without or with microbial
phytase fed to sows in late gestation. J, Anim. Sci. 100:1-8. doi.orgf10.1093fjas/skac299

Liu, Y., R. Jha, and H. H. Stein. 2018. Nutritional composition, gross en ergy concentration, and
in vitra digestibility of dry matter in 46 sources of bakery meals. J. Anim. Sci. 96:4685-4693.
doi:10.1053/jas/sky310

McGhee, M. L., and H. H. Stein. 2019. Effects of microbial phytase on standardized total tract
digestibility of phosphorus in hybrid rye, barley, wheat, corn, and sorghum fed to growing
pigs. Transl. Anim. 5ci.3:1238-1245, doi.org/10.1093/tas/ txz08E.

Merriman, L. A., and H. H. 5tein. 2016. Particle size of caleium carbonate does not affect
apparent and standardized total tract digestibility of caleium, retention of calcium, or

growth performance of growing pigs. J. Anim. Scl. 94:3844-3850, doi:10.2527fjas,2015-
0252

Merriman, L. A, C. L. Walk, M. R. Murphy, C. M. Parsons, and H. H. Stein. 2017, Inclusion of
excess dietary calcium in diets for 100- to 130-kg growing pigs reduces feed intake and daily
gain if dietary phosphorus is at or below the requirement. J. Anim. Sci. 95:5439-5446.
doi:10.2527 fjas2017.1995

Merriman, L. A, C, L Walk, C. M. Parsons, and H. H. Stein. 2016a. Effects of tallow, choice
white grease, palm oil, corn oil, or soybean oil on apparent total tract digestibility of

minerals in diets fed to growing pigs. J. Anim. Sci, 94:4231-4238, doi:10.2527/jas.2016-
0682

MADRID, 13 y 14 de Diciembre de 2023 KXAVIN CURSO DE ESPECIALIZACION FEDNA



OPTIMUM RATIOS DIGESTIBLE CA:DIGESTIBLE P AND PHYTASE FOR PIGS 287

Merriman, L 4., C. L. Walk, and H. H. Stein. 2016h. The effect of microbial phytase on the
apparent and standardized total tract digestibility of calcium in feed ingredients of animal
origin. . Anim. 5ci. 94{Suppl. 2):113. (Abstr.) doi:10.2527/msasas?016-240

Nelson, M. E. 2023. Basal endogenous losses of calcium and phosphorus and use of phytase
in diets for pigs. M.5. Thesis. Univ. IL. Urbana-Champaign.

Melson, M. E., 5. A. Lee, Y. Dersjant-Li, J. Remus, and H. H. Stein. 2022. Microbial phytase
reduces basal endogendus loss of calcium in pigs fed diets containing phytate phosphorus
at commercial levels. ], Anim. Sci. 100:skac280. doi:10.1093/jas/s<ac280

NRC. 2012, Nutrient requirements of swine. 11th rev. ed. Natl. Acac. Press, Washington, DC,
L5A,

Nyachoti, €. M., J. 5. Sands, M. L. Connor, and 0. Adecla. 2006. Effect of supplementing
phytase to corn- or wheat-based gestation and lactation diets on nutrient digestibility and
sow and litter perfermance. Can. J. Anim. Sci. 86:501-510. doi: 10.4141/A04-500

Pedersen, C., M. G. Boersma, and H. H. 5tein. 2007. Digestibility of energy and phosphorus in
10 samples of distillers dried grain with solubles fed to growing pigs. J. Anim. Sci. 85:1168-
1176. doi.org/10.2527/jas.2006-252

Sotak-Peper, K. M., J. C. Gonzalez-Vega, and H. H. Stein, 2016, Effects of production area and
microbial phytase on the apparent and standardized total tract digestibility of phosphorus
in soybean meal fed to growing pigs. J. Anim. 5ci. 94:2397-2402, doi:10.2527/jas2016-0353

Stein, H. H., 0. Adeola, G. L. Cromwell, 5. W. Kim, D. C. Mahan, and P. 5. Miller. 2011.
Concentration of dietary calcium supplied by calcium carbonate does not affect the
apparent total tract digestibility of calcium, but decreases digestibility of phosphorus by
growing pigs. J. Anim. Sci. 89:2139-2144. doi:10.2527/jas.2010-3522

Zhai, H., & 1. Cowieson, G. Pappenberger, )., Zhang, and 1. Wu. 2021. The effect of short-term
phytase supplementation on the apparent total tract digestibility of calcium and
phosphorus and the reproductive performance of late gestation sows fed with diets
without mineral phosphorus. I, Anim. Sci. 99:1-9. doi.org/10.1093/jas/skab194

Zhang, F., and O. Adecla. 2017. True is more additive than apparent total tract digestibility of
calcium in limestone and dicalcium phosphate for twenty-kilogram pigs fed semipurified
diets. J. Anim. Sci. 95:5466-5473. doi:10.2527/jas2017.1845

Zhang, F., D. Ragland, and O. Adeola. 2016. Comparison of apparent ileal and total tract
digestibility of calcium in calcium sources for pigs. Can. J. Anim. Sci. 96:563-569.
doi;10.1139/cjas-2016-0043,

MADRID, 13 y 14 de Diciembre de 2023 MV CURSO DE ESPECIALIZACION FEDNA



