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ABSTRACT

Ninety-six crossbred pigs with an average initial weight of 10.3 kg were used in a 4-wk experi-
ment to investigate the P equivalency value of microbial phytase in weanling pigs using perfor-
mance, rib mineralization and faecal digestibility measurements. A 19% CP, maize-soyabean meal
basal diet low in P (0.35 %) and Ca (0.50 %) was fed. Diets 1, 2, 3, and 4 contained 0, 167, 333, and
500 units (U} of added Natuphos® phytase per kg of diet, respectively. Diets 5, 6, and 7 contained
no added phytase, and 0.40, 0.45, and 0.50 % P, respectively. Body weight and pen feed consump-
tion were measured weekly. During wk 4, pen faecal samples were collected twice daily for 5 d for
determination of P, Ca and DM digestibilities. At the end of wk 4, the barrow from each pen (n =48)
was killed for collection of tenth ribs for determination of rib shear force, and ash content. Adding
phytase to low P diets linearly increased (P < 0.02 to 0.001) ADG, rib shear force, rib ash weight and
ash percent. Added P linearly increased (P < 0.02 to 0.001) ADG, rib shear force, rib ash weight, and
ash percent, Ca and P digestibility and digestibie Ca and P. Based on phytase and P linear or nonli-
near response equations for ADG, P digestibility, rib ash weight and rib shear force, 500 U/kg of
microbial phytase was equivalent to 1,03, 0.78, 0.89, and 0.69 g of inorganic P, respectively. The
average equivalency of 500 U/kg of phytase was 0.84 g of P per kg of diet.
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INTRODUCTION

Sixty to seventy percent of the P in plant ingredients, commonly vsed in pig
diets, is bound as phytate P (Cromwell, 1992; Ravindran ¢t al., 1994) which is
unavailable to the pig (NRC, 1988). Several studies have demonstrated that the
addition of microbial phytase improves P digestibility and therefore decreases P
excretion by 25 to 50% when the level of supplemental P is lowered (Simons etal.,
1990; Jongbloed et al., 1992; Kornegay, 1995).

For commercial pigs producers to take the greatest advantage ot these benefi-
cial effects of microbial phytase, P equivalency values must be developed over a
range of phytase and P levels. Several studies have attempted to do this (Jongbloed
et al., 1996a; Kornegay and Qian, 1996; Yi et al., 1996; Harper et al., 1997). How-
ever, in many of these studies diets containing wide Ca:P ratios (Jongbloed et al.,
1996a; Kornegay and Qian, 1996; Yi et al., 1996) were fed, which have since been
shown to decrease the efficacy of microbial phytase (Qian et al., 1996). In addi-
tion, several of the studies fed only two levels of P (Jongbloed et al., 1996a; Kor-
negay and Qian, 1996; Yi et al., 1996) which assumes that the P response is linear.
Therefore, the variability seen in P equivalency values is large ranging from (.52 g to
1.66 g per 500 U/kg phytase.

This study was designed to better delineate the P equivalency value of phytase
by feeding multiple levels of phytase and P, while maintaining a narrow Ca:P
ratio, and by focusing on the linear and nonlinear response surfaces of both phytase
and P.

MATERIJAL AND METHODS

Ninety-six crossbred weanling pigs (equal barrows and gilts) were used in
a 4-wk experiment to investigate the P equivalency value of microbial phytase.

Dietary treatments

A 19% CP maize-soyabean meal dict fortified with vitamins and minerals to
meet or exceed NRC (1988) requirements (except Ca and P) was fed in the 4-wk
trial. Calcium was fed at a level of 0.50 % of the diet for all treatments in order to
maintain a more desirable Ca to P ratio (Table 1). Diets 1, 2, 3, and 4 contained 3.5
g of total P/kg of diet (no added P) and 0, 167, 333, and 500 U of added Natu-
phos® phytase per kg of diet, respectively. Diets 5, 6, and 7 contained no added
phytase, and 4.0, 4.5, and 5.0 g of total P/kg (supplemental P supplied by Biofos,
Mallinckrodt Feed Ingredients, Mundelein, IL) of diet, respectively (Table 2). The
ratio of Ca to P vanied from 1.4:1 to 1:1 in the diets because the level of P was
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TABLE |

Composition of basal diet

Ingredients %
Maize 74.00
Soyabean meal, 48.5% 23.20
Vitamin premix? 0.25
Trace mineral premix® 0.10
Selenium premix® 0.05
Limestone’ 0.80
Salt 0.30
L-lysine, 78% 0.10
Maize starch® 1.20

Calculated composition

CP 17.5
lysine 0.98
total P 0.356
phytate P 0.228
available P 0.068
Ca 0.389

o

supplied per kilogram of diet: 4400 1U of Vitamin A, 440 1U of Vitamin D,, 11 IU of Vitamin E,
2.2 mg of Vitamin K, 4.4 mg of riboflavin, 22 mg of calcium pantothenate, 22 mg of niacin, 0.022
mg of vitamin B ,, 440 mg of choline chloride, 0.44 mg of biotin, 3.9 mg of folic acid, 10 mg of
thiamin*HCl, 3.9 mg ot pyridoxine*HCI, 82.5 mg of ethoxyquin and 3.6 mg of virginiamycin
supplied per kilogram of diet: 44 mg of manganese, 47.5 mg of zinc, 50 mg of iron, 6.25 mg of
copper, and 2 mg of iodine.

supplied 0.3 mg selenium per kilogram of diet.

limestone (Limestone Dust Corp., Bluefield, VA).

maize starch was replaced by phytase {Natuphos*) or MCP (Biophos: Malinckrodt Feed Ingredi-
ents, Mundelein, IL) in appropriate diets

3

e o

n

changed while Ca remained constant. This should not have impacted our results
because these ratios are within the suggested range of 1.5:1 to 1:1 (NRC, 1988).
Twice as many pigs were fed diet 1 (n=24)to insure a reliable baseline for phytase
and P response curves. A chromic oxide-starch premix (1 part Cr,0,:3 parts starch
(wt:wt)) was added to all diets during wk 3 and 4 at a level 0f 0.2% (0.05% Cr,0O,)
as an indigestible indicator.

Animal and feeding management
The pigs were weaned at an average weight of 7.3 kg and given a 10-d adjust-

ment before treatments were started. During the adjustment pigs were fed a diet
containing 22% CP (Merrick’s Soweena Day 14, Merrick’s, Inc., Middleton, WI)
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TABLE 2
Dietary treatments®
Phytase, Calculated, % Analyzed, %o
Treatments Ulkg Ca P Ca P
1 0 0.50 0.35 0.532 0328
2 167 0.50 0.35 0.532 0.328
3 333 0.50 0.35 0.532 0.328
4 500 0.50 0.35 0.532 0.328
5 0 0.50 0.40 0.532 0.385
6 0 0.50 0.45 0.532 0.435
7 0 0.50 0.50 0.532 0.457

* supplemental phytase supplied by Natuphos® and supplemental P supplied by Biofos (Mallinck-
rodt Feed Ingredients, Mundelein, IL).

for 3 d followed by a 20% CP starter diet containing 10% dried whey and 0.10%
mecadox (5.5 mg of carbadox per kilogram of diet) for the remaining 7d. Follo-
wing the adjustment period, pigs were randomly assigned to treatments (6 replicate
pens of one barrow and one gilt each, except diet | which had 12 replicate pens)
from outcome groups based on gender and body weight. Littermates were ba-
lanced across treatments. The average BW was 10.2 kg at the start of treatments.
The pigs were housed in two similar environmentally controlled rooms with 24
{0.61 mx 0,91 m) pens in each room. Room temperature was initially set at 29°C
and was lowered about 2°C per week after the second week. A continuous lighting
regimen and recommended air ventilation rates (Murphy et al., 1990} were main-
tained. Pigs had ad libitum access to feed and water at all tmes. The care and
treatment of the animals followed published guidelines (Consortium, 1988).

Sampling and analysis

Bady weight and pen feed consumption were measured weekly. During wk 4,
pen faecal samples were collected twice daily (0700 and 1700) for 5 d and frozen
at —20 °C in sealed plastic bags until drying at 65°C in a forced air oven. The dried
faecal samples and samples of diets were ground to pass through a 1 mm sieve.

Diet and faecal samples were analyzed for Ca, P, and Cr following nitric-per-
chloric acid (5:3, vol/vol) wet digestion. Total P concentrations were assayed photo-
metrically by the vanadomolybdate procedure (AOAC, 1990) and Ca and Cr were
determined with an atomic absorption spectrophotometer (model 5100 PC, Perkin
Elmer, Norwalk, CT) using the manufacturer’s recommendations. Dry matter was
also determined for diet and faecal samples according to standard AOAC (1990)
procedures. P, Ca and DM digestibilities were calculated using the indirect method.
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At the end of wk 4, the barrow from each pen (6 pigs/treatment, except diet 1,
which had 12 pigs) was killed for collection of tenth ribs. The tenth ribs were
cleaned of all tissues and used for determination of shear force and shear energy as
described by Combs et al. (1991). Bone ash was determined in a muffle furnace at
600°C for 12 h.

Statistical analysis and calculation of equivalency values

Data were separated into two groups, with phytase and with P, and each was
analyzed using the GLM procedures of SAS (1990). The model included replicate,
phytase or P, and the two-way interactions with replicate, Linear and quadratic
contrasts were determined for phytase and P levels. Nonlinear and linear equa-
tions of the effects of varying P (no added phytase) and varying phytase levels on
various measurements were derived (calculated values of P and phytase were used).
The nonlinear regression model used was Y = a(1 — be™*) and the linear regression
model used was Y = a + bX, where Y = response measurements; X = total phos-
phorus or added phytase. Functions which were highly correlated (R? > 0.80) were
used to generate equivalency values by setting the equations for phytase and P
equal and solving. For example, the equation for overall ADG was as follows:

435.8 — 68.9¢00% = 370.5 + 55.0X2
X, = (65.3 — 68.9¢™05% }/55 0

where X, = phytase (U/kg) and X, = added inorganic P (g/kg). These equations
were then used to calculate equivalency values of 500 U/kg of phytase for supple-
mental P. For example, if 500 U/kg of phytase is supplemented in the above equa-
tion for X, then by solving for X, it is determined that based on the nonlinear/
linear response equation for phytase and P, 500 U/kg of phytase is equivalent to
1.08 g of total P.

RESULTS
Phytase effects

Average daily gain (P<0.001) during wk 3-4 and overall average daily feed
intake (P<<0.05) linearly increased as the level of phytase in the diet increased
(Table 3). ADG during wk 1-2 quadratically increased (P<0.04) as the level of
phytase in the diet was increased. The overall linear effect of phytase on ADG in
wk 1-4 was sigmficant (P<0.001) with a 73 g increase in ADG at the highest level
of phytase supplementation compared with the basal diet. The addition of phytase
tended to linearly decrease (P = 0.09) the amount of P excreted per day (Table 3).
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TABLE 3
Effects of microbial phytase and inorganic P additions on ADG, ADFI (wk 1-4}, and P excretion of
weanling pigs fed a P deficient maize-soyabean meal diet?

P Phytase ADG, g/d, week ADFI P excreted®

Treatment® % Ulkg i-2 3-4 t-4 g/d gid
Phytase effect

1 0.35 0 267 460 363 866 223

2 0.35 167 322 496 409 906 2.14

3 0.35 333 3le 517 417 998 2.16

4 0.35 500 306 566 436 948 2.01
MSE¢ 37 44 28 0.087 0.22
CV.% 12.4 X8 7.0 9.5 10.0
Probability values

Treatment 0.03 0.002 0.001 0.047 034

Lin Trt. 0.10 0.001 0.001 0.049 0.10

Quad Trt. 0.04 0.71 0.26 0.16 0.62
P effect

1 0.35 0 267 460 363 B66 223

5 0.40 G 283 512 398 879 2.30

6 0.45 0 366 512 439 915 2.43

7 0.50 6 284 605 445 8R6 2.54
MSE? 25 45 31 0.093 021
CV., % 8.4 8.9 77 10.5 9.0
Probability values

Treatment 0.003 0.009 0.01 0.69 0.104

Lin Trt. 0.02 0.002 0.003 0.45 0.023

Quad Trt. 0.003 0.30 027 0.50 0.867

? each treatment mean represents six pens or 12 pigs, except diet | that has 12 pens or 24 pigs
" all diets contained 5 g/kg Ca

© P excreted (g/d) = (100 — P digestbility)/100* Diet P(g/kg)*ADFI(g/d)

4 SEM = Mean Square Error (MSE) , wheren=6or 12

Rib shear force (P<0.01) and ash percent (P<001) linearly increased as phytase
was added to the diet (Table 4). Ash weight was quadratically increased (P<(.03)
as the level of phytase added to the diet was increased. Linear increases were also
observed for Ca (P<0.001) and P (P<0.001) digestibility and digestible Ca (P<0.001)
and P (P<0.001) as the level of supplemental phytase in the diet was increased
(Table 5). No effect was seen on DM digestibility (P = 0.15).
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TABLE 4
Effects of microbial phytase and inorganic P additions on tenth rib bone mineralization of weanling
pigs fed a P deficient maize-soyabean meal diet*

P Phytase Ash Bone Shear

Treatment® % U/kg weight, g ash, % force, N
Phytase effect

| 0.35 0 0.606 39.5 442

2 0.35 167 0.745 41.2 488

3 0.35 333 0.851 42.0 500

4 0.35 500 0.878 45.4 580
MSE* 0.061 2.36 85.9
CV, % 8.3 5.7 175
Probability values

Treatment 0.001 0.003 0.06

Lin Trt. 0.001 0.001 0.01

Quad Trt. 0.03 0.37 0.62
P effect

1

5 0.40 0 0.843 434 523

6 0.45 0 0.954 454 627

7 0.50 0 1.132 47.3 702
MSE* 0.055 2.65 98.5
CV, % 6.5 6.1 17.9
Probability Values
Treatment 0.001 0.01 0.02
Lin Trt. 0.001 0.01 0.003
Quad Trt. 0.25 0.44 0.98

 gach treatment mean represents six pens or 12 pigs, except diet | that has 12 pens or 24 pigs
® all diets contained 5 g/'kg Ca
¢ SEM = MSE/ Y, where n=6 or 12

Phosphorus effects

Average daily gain quadratically increased in wk 1-2 (P<0.003) and linearly
increased in wk 3-4 (P<0.002) as the level of P added to the diet increased (Table 3).
The overall linear effect of P on ADG in wk 1-4 was significant (P<0.003) with a
83 g increase in ADG at the highest level of P supplementation compared with the
basal diet. The addition of P had no eftfect on mean daily feed intake (P = 0.45), but
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TABLE 5
Effects of microbial phytase and inorganic P additions on P, Ca, and DM digestibilify %), and
digested (g/kg) P and Ca of weanling pigs fed a P deficient maize-soyabean meal diet*

Treatment® P Phytase Cadig  Pdig* DM dig DCa* DP4
%o Ulkg % % % %o %
Phytase Effect
1 0.35 0 542 215 87.3 0.34 0.08
2 0.35 167 62.7 283 87.2 0.38 0.11
3 0.35 333 64.6 343 877 0.40 0.13
4 035 500 67.3 354 86.4 0.41 0.13
MSE* 6.4 4.9 0.94 0.039 0019
CV, % 10.5 17.3 1.1 10.5 17.3

Probability Values

Treatment 0.003 0.001 0.13 0.003 0.001
Lin Trt. 0.001 0.001 0.15 0.001 0.001
Quad Trt. 0.49 0.15 0.12 0.31 0.17
P effect
1 0.35 0 54.2 21.5 87.3 0.34 (.08
5 0.40 0 63.5 32.0 86.1 0.39 0.14
6 . 0.45 0 68.3 39.1 86.7 0.42 0.20
7 0.50 0 66.5 37.1 85.9 0.41 0.20
MSE: 7.1 49 1.26 0.044 0.019
CV, % 11.5 16.2 1.5 11.6 13.1

Probability values

Treatment 0.04 0.001 0.27 0.04 (.001
Lin Trt. 0.02 0.001 0.19 0.02 0.001
Quad Trt. 0.10 0.02 0.76 0.11 0.005

* each treatment mean represents six pens or 12 pigs, except diet 1 that has 12 pens or 24 pigs
" all diets contained 5 g/kg Ca.

¢ digestion coefficient for Ca or P as a percentage

4 digestible Ca or P as a percent of the diet

© SEM = MSEA , wheren = 6 or 12

the amount of P excreted per day was linearly increased (Table 3; P<0.03). Rib
shear force (P<0.003), ash weight (P<0.001), and ash percent (P<0.01) linearly
increased as P was added to the diet (Table 4). The addition of P to the basal diet
also linearly improved Ca (P<0.02) digestibility and digestible Ca (P<0.02; Table 5).
Phosphorus digestibility (P<0.02) and digestible P (P<0.005) were quadratically im-
proved with phytase addition. No effects were seen on DM digestibility (P = 0.19).
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Equations and equivalency values

ADG during wk 1-4, rib shear force, ash weight, and P digestibility were all
responsive to the effects of phytase and P; therefore, the nonlinear or linear equa-
tion for each main effect with the highest r’ value was chosen for calculation of P
equivalency values of phytase (Table 6). If both linear and nonlinear equations
provided good fits (r*>0.80), then they were both used to calculate equivalency
values and the average value is reported. The P equivalency values of phytase
were obtained by setting the equations for phytase and P equal and solving. Equiva-
lency values for 500 U of phytase/kg of diet based on ADG, P digestibility, rib
ash weight and rib shear force were 1.03, 0.78, 0.89, and 0.69 g of inorganic P,
respectively. The average equivalency of 500 U/kg of phytase was 0.84 g of P per
kg of diet.

DISCUSSION

Phosphorus is an essential element required by pigs for optimal growth, repro-
duction and bone development. Much of the P in pig diets is unavailable to the pig
because it 1s bound as phytate P. Approximately 66% of the P in maize and 61% of
the P in soyabean meal is complexed in phytate P (Ravindran et al., 1994). There-
fore, producers have to add large amounts of inorganic P to pig diets in order to
meet the needs of the pigs; this adds to the cost of the diet and results in increased
P excretion which could lead to environmental pollution problems. According to
the NRC (1988), a 10-20 kg pig requires an 18% CP diet containing (0.32% aP. A
maize-soyabean meal based diet formulated to contain 18% CP contains 0.38% tP.
Theoretically, if all of this P was available it would be enough to meet the pigs
requirement for P. However, since approximately 85% of the P in maize and 75%
of the P in SBM (48.5%) is unavailable to the pig (NRC, 1988}, the diet contains
only 0.068% aP and a highly available inorganic source of P must be supplement-
ed to the diet.

Ruminants can utilize phytate P because microbes within the rumen produce
the enzyme phytase which hydrolyzes the phytate molecule releasing the bound P;
however, pigs and poultry only have trace amounts of phytase in their digestive
tract. The potential to release P bound by phytate through the addition of exoge-
nous phytase to broiler diets was shown nearly 30 years ago (Nelson et al., 1968).
However, it has not been until recently, through advancements in genetic engi-
neering, that an affordable method of producing microbial phytase has been avai-
lable. Many studies have documented the ability of microbial phytase to enhance
P digestibility and thus decrease P excretion (Jongbloed, 1996b; reviewed by Kor-
negay, 1996). With commercially produced phytase now available to swine pro-
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ducers it is essential that accurate equivalency values of phytase for P be derived.
This needs to be done for two reasons. First to minimize the cost of adding micro-
bial phytase, and second to minimize the amount of P excreted in pig manure.

As the level of P was increased in the diets with no added phytase, the amount
of P excreted per day was increased. Phytase supplementation numerically de-
creased the amount of P excreted per day, but this effect was not significant. How-
ever, since phytase increased ADG, the amount of P excreted per unit of gain was
decreased. Using the data presented in Table 3, the amount of P excreted per unit
of gain can be calculated. Pigs fed the basal diet (diet 1) gained on average 363 g/d in
wk 1-4 and excreted on average 2.23 g/d. This represents 0.61 g of P excreted per
100 g of gain. Pigs fed diet 4 which was supplemented with 500 U/kg of phytase
gained on average 436 g/d in wk 3-4 and excreted on average 2.01 g/d. This repre-
sents 0.46 g of P excreted per 100 g of gain. Therefore, P excretion was decreased
approximately 24.6 % per unit of gain when pigs were fed diets supplemented
with 500 U/kg of phytase. The estimated equivalency value of 500 U/kg phytase
for P derived from this study was 0.83 g. Which means, that pigs fed a diet which
contained 3.5 g total P and 500 U/kg phytase should have similar performance to
pigs fed a diet with approximately 4.3 g of total P. If we use the data from Table 3
and use the same calculations as above, we estimate that pigs fed 4.0 g/kg of P and
no added phytase excreted 0.58 g P per 100 g BW gain in wk 1-4 and pigs fed 4.5
g’kg of P and no added phytase excreted 0.55 g P per 100 g BW gain in wk 1-4.
Therefore, adding 500 U/kg of phytase in place of this P represents between a
20.7% and a 16.4% decrease in P excretion per unit of BW gain. Similar results
have been reported in the literature with many studies reporting a 25 to 50% re-
duction in P excretion {Jongbloed et al., 1992; Lei et al., 1993b, Kornegay and
Qian, 1996; Yi et al., 1996).

The results of this study clearly demonstrate the beneficial effects of microbial
phytase addition to a low P maize-soyabean meal based pig diet. Growth perfor-
mance, rib mineralization and P digestibility were all improved when phytase was
added to the diet. This is in agreement with studies in the literature which have
demonstrated increased daily gains and feed intakes (Beers and Jongbloed, 1992;
Jongbloed et al., 1992; Kornegay and Qian, 1996, Yi et al., 1996}, increased bone
breaking strength or shear force (Komegay and Qian, 1996; Yi et al., 1996) and
increases in P digestibility or retention (Hoppe et al., 1992; Lei et al, 1993a,b;
Mroz et al., 1994; Kormegay and Qian, 1996; Y1 ¢t al., 1996) when pigs are fed
diets supplemented with phytase.

Several studies have attempted to determine the P equivalency value of phytase
in pigs (Jongbloed et al., 1996a; Kornegay and Qian, 1996; Yi et al., 1996; Harper
et al., 1997). The range of equivalency values for 500 U/kg phytase is larger ran-
ging from 0.64 g P to 2.47 g P. Factors which may influence these equivalency
value estimates include: the basal level of P, the age of the animal, the response
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criteria used, and perhaps most importantly the ratio of Ca to P. Qian et al. (1996)
reported a detrimental effect of a widening Ca;tP ratio in excess of 1.2:1 on phytase
efficacy in pigs. In the pig studies of Jongbloed et al. (1996a), Kornegay and Qian
(1996), and Yi et al. (1996) only two levels of P were fed, so the response of
various criteria to P was assumed to be linear. In addition the Ca:tP ratio in the
studies of Kornegay and Qian (1996) and Yi ¢t al. (1996) was 2:1. In the study by
Jongbloed et al. (1996a) the Ca:tP ratio ranged from 1.94:1 to 2.5:1. Harper et al.
(1997) in a study with growing-finishing pigs utilized three levels of P and main-
tained a Ca:tP ratio of approximately 1.2:1 to 1.4:1 in all diets. They reported that
500 U of microbial phytase releases 0.96 g of P per kilogram of diet.

In the experiment reported here, multiple levels of phytase and P were used for
deriving response equations for various criteria so that equivalency estimates could
be made. In addition, the Ca:tP ratio was maintained in all phytase supplemented
diets at 1.42:1 in an attempt to maintain an optimal Ca:P ratio for phytase efficacy.
Because of positive linear and/or quadratic effects of both phytase and P additions
and the goodness of fit (r*>0.80) of the linear or nonlinear equations, ADG, rib
shear force, ash weight, and P digestibility were used to develop equivalency va-
lues. The range in equivalency values was from 0.69 g P to 1.03 g of P from mono-
calcium phosphate (MCP) being equivalent to 500 U of phytase per kg of diet with
the average being 0.84 g P equal to 500 U of phytase per kg of diet. The P in MCP
is generally considered to be 95-100% available (Baker, 1991; Soares, 1995). There-
fore, based on the results of our study 500 U/kg of phytase releases 0.84 g diges-
tible P. This value seems to be in agreement with the findings of Jongbloed et al.
(1996a) who found in several studies that 500 to 2000 U of microbial phytase
released between 0.8 and 1.0 g of digestible P. Equivalency values based on growth
data provided the highest equivalency estimates. Digestibility data and bone pa-
rameters were slightly more conservative estimators of P equivalency values.

Results from this study also demonstrate the ability of phytase to increase the
digestibility of Ca. Ca digestibility was increased by 8.5, 10.4, and 13.1 % units
with the addition of 167, 333, and 500 U of phytase per kg of diet. Nelson et al.
(1968) found that as the level of phytic acid in the diet increased, so did the chicks
requirement for Ca. Several studies have reported improved Ca digestibility in
pigs when microbial phytase was added to the diet (Mroz et al., 1993; Radclitfe et
al., 1995; Kornegay and Qian, 1996; Yi et al., 1996a). With the release of Ca, in
addition to P when phytase is added to pig diets, the optimal Ca:P ratio needs to be
reexamined. The NRC (1988) reports that the optimal Ca:P ratio in pig diets is
between 1:1 and 1.5:1 for grain-soyabean meal based diets. However, when phytase
was added to pig diets Qian et al. (1996) found that P digestibility was decreased
when the Ca:tP ratio was increased from 1.2:1 to 1.6:1. Ideally, the Ca:P ratio
should be based on available Ca and P instead on total Ca and P. However, many
more studies are needed to generate a reliable data base for available Ca and P
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values from various grain sources. In addition, accurate equivalency values of
phytase for Ca will need to be developed.

CONCLUSIONS

The addition of microbial phytase to P-deficient diets fed to weanling pigs
causes improvements in growth performance, bone mineralization, P and Ca di-
gestibility, and decreases P excretion. Based on response equations developed in
this study, 500 U/kg of phytase releases 0.84 g of P. Therefore, pig diets can be
supplemented with microbial phytase, the amount of inorganic P (and Ca) added
can be decreased, and the result will be equivalent performance and decreased P
excretion.
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STRESZCZENIE

Rownowartos¢ dodatku fosforu lub mikrobiologicznej fitazy u odsadzonych prosiat Zywionych
kukurydziano-sojowa dawka

Na dziewigédziesigeiu odsadzonych prosigtach mieszaficach, o poczatkowej masie ciala 10,3
kg, w 4-ro tygodniowym doswiadezeniu oznaczano rownowartos¢ dodatku fitazy mikrobiologicz-
nej lub fesforu, przyjmujac jako kryteria oceny : wyniki odchowu, stopien mineralizac)i Zeber oraz
pozorna strawno$c skladnikéw pokarmowych dawki. Podstawowa dawka, kukurydziano-sojowa,
zawierata 19% biatka ogélnego oraz 3,5 g/kg P (niski poziom) i 5,0 g/kg Ca. Do dawek 1,2, 314
dodawano preparat fitazy Natuphos" w ilosci 0, 167, 333 1 500 jednostek (U), odpowiedniona 1 kg
diety. Do diet 5, 6 i 7 zamiast fitazy dodawano 4,0; 4,5 1 5,0% P/kg, odpowiednio. Co tydzien
kontrolowano przyrosty i spozycie paszy. W 4-ym tygodniu, przez 5 dni, pobierano proby katu 2
razy dziennie w celu oznaczenia strawnosci P, Ca i s.m. Na koncu 4-go tygodnia ubito wieprzki
(n=48) z kazdej grupy i pobrano 10-t¢ zebro dla oznaczenia sily famania zebra 1 zawartosc: popiohu.
Dodatek fitazy do niskofosforowej diety spowodowat liniowe (P<0,02 do 0,001) zwigkszenie przy-
rostbw dziennych, sily tamania zebra, masy i procentu popiolu w zebrze. Dodatek P zwigkszyt
liniowo (P<0,02 do 0,001) przyrosty dzienne, sile famania zebra, masg i procent popiotu, strawnosé
Ca i P oraz iles¢ strawnego Ca i P,

Przyjmujac za podstawe poréwnan przyrosty dzienne, sitg tamania zebra i masg popiohy, a takze
strawnos¢ P i zawarto$¢ strawnego P obliczono, ze dodatek fitazy mikrobiologicznej w ilos¢ 500 U/kg
diety zastepuje odpowiednio 0,99; 0,69; 0,71; 0,82 i 0,96 g P nieorganicznega. Srednio rownowaz-
na warto$é 500 U fitazy/kg diety odpowiadata 0,84 g P/kg diety.





