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Summary

A total of 144 finishing pigs (72 barrows
and 72 gilts, initially 85 Ib) were used to de-
termine the effects of calcium to total phos-
phorus (Ca:P) ratio in diets containing phytase
on growth performance, carcass characteris-
tics, and bone ash percentage. Pigs were
housed in an environmentally regulated finish-
ing building with two pigs per pen and six
pens per sex per treatment in a randomized
complete block design. Pigs were blocked by
initial weight and sex, and then allotted to one
of six dietary treatments.

The dietary treatments were corn-soybean
meal-based diets fed in three phases. In each
phase, diets consisted of a 0.75:1; 1:1; 1.25:1;
1.5:1, and 2:1 Ca:P ratio. A sixth treatment
group was a diet containing 77% of the total P
as the other treatment diets. Diets were for-
mulated to contain 0.44%, 0.39%, and 0.34%
total phosphorus and 0.15%, 0.12%, and
0.07% available phosphorus from d 0 to 28,
28 to 57, and 57 to 76, respectively. All diets
contained 0.05% phytase, providing 300
FTU/kg in order to achieve equivalent avail-
able phosphorus values of 0.23%, 0.19%, and
0.15%. For the overall experiment, increasing
Ca:P ratio decreased (linear, P<0.03) ADG
and F/G. However, the greatest decrease in
ADG and F/G was observed when Ca:P ratio
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increased from 1.5:1 to 2:1. Daily feed intake
was not affected by Ca:P ratio. There was no
difference in backfat thickness for pigs fed
Ca:P ratios between 0.75:1 and 2.0:1
(P<0.17). However, pigs fed the negative
control diet had reduced backfat thickness
(P<0.05) compared to the other pigs. Bone
ash percentage was not affected (P<0.23) by
Ca:P ratio. These results suggest that in fin-
ishing diets containing 300 FTU/Kg phytase, a
Ca:P ratio greater then 1.5:1 will decrease
ADG and ADFI.

(Key Words: Calcium, Phosphorus, Phytase,
Finishing Pigs)

Introduction

Phytase releases phytic phosphorus from
plant-based feedstuffs, which increases dietary
P absorption and utilization and reduces the
need for inorganic phosphorus supplementa-
tion. It has been widely demonstrated that
dietary supplementation with phytase is effec-
tive in making phytate-bound P nutritionally
available to growing pigs. Supplemental phy-
tase in swine diets has resulted in improved
growth performance and bone mineralization
by increasing digestibility and retention of P
and Ca. Because phytase use reduces P excre-
tion and the levels of P in the environment, its
use has been more widespread.
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When formulating diets with phytase, the
reduction in P results in a widening of the
Ca:P ratio if the amount of limestone that is
generally added is not also adjusted. Other
research has shown that high dietary Ca con-
centrations increase the formation of an in-
soluble Ca-phytate complex and/or the reduc-
tion of phytase activity. Research conducted
using weanling pigs showed that narrowing
the dietary Ca:tP ratio from 2.0:1 to 1.2:1 led
to an approximate 16% increase in phytase
efficacy, thus, improving performance, di-
gestibility, bone measurements, and serum Ca
levels. It has also been demonstrated that
growth performance and P utilization were
increased by lowering the Ca:tP ratio from
1.5:1 to 1.0:1 in low-P corn-soybean meal di-
ets supplemented with microbial phytase in
grow-finish pigs.

Therefore our objective was to determine
the optimum calcium to total phosphorus ratio
in diets containing phytase on growth per-
formance, carcass characteristics, and bone
ash percentage in finishing pigs.

Procedures

One hundred forty-four pigs (72 barrows
and 72 gilts; PIC 327 x C22) averaging 85 Ib
were used in this study. Pigs were housed in
an environmentally regulated finishing build-
ing with two pigs per pen and twelve pens (5
x 5ft) per sex per treatment (six pens of bar-
rows and six pens of gilts) in a randomized
complete block design. Pigs were blocked by
initial weight and sex, and then randomly al-
lotted to one of the six dietary treatments.
Feed and water were provided ad libitum.

The six dietary treatments consisted of
calcium to total phosphorus ratios of 0.75:1;
1:1; 1.25:1; 1.5:1, and 2:1. A sixth treatment
group was formulated to contain 77% of the
total P of the other treatment diets and was the
negative control in this study. Soybean meal,
vitamin premixes, antibiotic, Natuphos 600,
monocalcium phosphate, trace mineral pre-
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mix, and limestone were analyzed for percent-
age calcium and phosphorus. These values
were then used in diet formulation. Diets
were fed in meal form in three phases, 28, 28,
and 19 days in length, respectively, that corre-
sponded to approximately 70 to 130 Ib, 130 to
190 Ib, and 190 to 250 Ib, respectively. The
same Ca:P ratios were used in each phase. Di-
ets were formulated to contain 1.10%, 0.90%,
and 0.75% total dietary lysine, and 0.44%,
0.39%, and 0.32% total phosphorus (0.15,
0.11, and 0.07 calculated available P) for
phases 1, 2, and 3, respectively. The negative
control diet was formulated to contain 0.39%,
0.33%, and 0.30% total P which corresponded
to 0.11%, 0.07%, and 0.05% available phos-
phorus. Natuphos was added to all diets to
provide 300 FTU/kg in order to achieve
equivalent available phosphorus values of
0.23%, 0.19%, and 0.15% for phases 1, 2, and
3, respectively. Diets were analyzed for dry
matter, crude protein, calcium, and phospho-
rus.

Individual pig weights were taken and
feed disappearance were measured every 14 d
to calculate ADG, ADFI, and F/G. At the end
of the study, pigs were marked with an indi-
vidual tattoo to allow for individual carcass
data to be collected at marketing. All pigs
were sent to Downs, Kansas, for individual
carcass data collection (i.e., carcass weight
and backfat thickness). The experiment was
conducted from December to February.

Results and Discussion

From d 0 to 28, increasing Ca:P ratio de-
creased (linear, P<0.001), ADG and F/G, but
did not affect (P>0.82) ADFI. The greatest
decrease in performance was observed when
the Ca:P ratio increased from 1.5:1 to 2.0:1.
There was no difference between pigs fed the
negative control and the mean of all other
Ca:P ratio treatments for either ADG, ADFI,
and F/G. In addition, barrows had greater
(P<0.001), ADG, and ADFI compared to gilts,
but F/G was not affected (P>0.91). From d 28



to 57, increasing the Ca:P ratio decreased
(quadratic, P<0.04) ADG and F/G, but did not
affect ADFI (P>0.14). Again, like d 0 to 28,
the greatest change in performance was ob-
served when Ca:P ratio increased from 1.5:1
to 2.0:1. Barrows had greater (P<0.0001),
ADG and ADFI then gilts, with no difference
(P>0.15) in feed efficiency. There were no
differences between pigs fed the negative con-
trol and the other diets for ADG, ADFI, and
F/G. From d 57 to 76 increasing the Ca:P ra-
tio decreased ADFI (quadratic, P<0.02) but,
did not affect (P>0.13), ADG and F/G. As in
d 0 to 28 and 28 to 57 there were no differ-
ences between pigs fed the negative control
and the mean of the other Ca:P ratios for ei-
ther ADG, ADFI, and F/G. Barrows had
greater (P<0.05), ADG and ADFI than gilts,
while gilts had improved F/G (P<0.01) com-
pared to barrows.

For the overall study, increasing the Ca:P
ratio decreased (linear, P<0.003), ADG and
F/G, with no affect on ADFI (P>0.42). Similar
to the response in both phase 1 and 2, the
greatest changes in ADG and F/G occurred
when the Ca:P ratio increased from 1.5:1 to
2.0:1. As in each of the growth periods there
were no differences between pigs fed the
negative control and the mean of the other
Ca:P ratio treatments for ADG, ADFI, or F/G.
Furthermore, barrows had a greater (P<0.001),
ADG and ADFI than the gilts, while the gilts
had an improved F/G (P<0.03) compared to
the barrows.
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Increasing the Ca:P ratio decreased the
final live animal weight (linear, P<0.003) but,
did not affect carcass weight (P<0.11). Also,
barrows had higher (P<0.05) carcass weight
and backfat thickness compared to gilts.
There was no difference in backfat thickness
for pigs fed Ca:P ratios between 0.75:1 and
2.0:1 (P<0.17). However, pigs fed the nega-
tive control had reduced backfat thickness
(P<0.05) compared to the other pigs. In addi-
tion bone ash percentage was not affected
(P<0.23) by Ca:P ratio or gender.

When comparing pigs fed the negative
control to the mean of the other Ca:P ratio
treatments, there are no differences, due
mostly to the low values of pigs fed the 2:1
Ca:P ratio. However, throughout the study,
ADG and F/G of pigs fed the negative control
diets are numerically poorer than pigs fed the
optimal Ca:P ratios (1.25:1 and below). The
negative control treatment was included in the
experiment to ensure our dietary phosphorus
levels were not above the pig’s requirement.
If we were well above the pigs requirement
for phosphorus in our diets this would affect
our interpretation.

In conclusion, these results suggest that
increasing the calcium to total phosphorus ra-
tio above a 1.5:1 ratio in a corn-soybean meal-
based diet containing 300 FTU/kg phytase for
growing finishing pigs can have a negative
effect on growth performance, carcass traits,
and bone ash percentage.



Table 1. Diet Composition (As-fed Basis)

Ingredient, % Day 0 to 28 Day 28 to 56 Day 56 to 73
Corn 69.99 77.80 83.67
Soybean meal, 46.5% CP 26.51 19.18 13.72
Monocalcium phosphate, 21% P 0.40 0.25 0.10
Limestone 0.38-1.99 0.36-1.74 0.35-1.53
Salt 0.35 0.35 0.35
Vitamin premix 0.15 0.15 0.15
Trace mineral premix 0.15 0.15 0.15
Medication® 0.05 0.05 0.05
Sand 1.71-0.21 1.39-0.31 1.08 - 0.08
Lysine HCL 0.15 0.15 0.15
Phytase” 0.05 0.05 0.05
Calculated analysis
Lysine, % 1.10 0.90 0.75
Protein, % 18.30 15.50 13.50
ME, Kcal/lb 1,492 1,501 1,509
Ca, % 0.33-0.88 0.28-0.75 0.24-0.64
P, % 0.44 0.38 0.32
Available P, % 0.15 0.11 0.07

*Provided 44 mg/kg of Tylosin.

®Provided 300 FTU/kg of feed (Natuphos® 600).
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Table 2. Influence of Calcium to Total Phosphorus Ratio on Growth Performance and Bone Ash in Finishing Pigs®

Calcium:Phosphorus ratio Probability (P<) Sex

Neg Neg vs P<
Item control 0.75:1 1.1 1.25:1 151 2:1 SED Linear Quad others Barrows Gilts Value
Day 0 to 28
ADG, Ib 217° 2.31° 225 223*® 214" 203 006 0001 0.69 0.66 231  2.07 0.001
ADFI, Ib 5.24 5.22 515 517 5.05 520 0.14 082 028 047 545  4.89 0.001
FIG 2.41°  226° 230 233 236 258 007 0001 0.16 041 237 238 0.77
Day 28 to 57
ADG, Ib 2.32°  256° 242° 237 235 218 010 019 0.04 098 244 219 0.001
ADFI, Ib 7.03 6.76 6.46  6.66 6.55 700 029 026 014 0.13 720  6.28 0.001
FIG 3.05 3.00™° 268 283" 280 322° 013 001 0.001 0.16 297 289 0.29
Day 57 to 76
ADG, Ib 1.79 1.86 1.98  1.92 1.96 179 012 041 015 0.21 1.95  1.82 0.053
ADFI, Ib 7.05° 699 752 7659  7.42°0 724° 026 070 0.02 0.13 7.82 6.80 0.001
FIG 3.98 3.83 386  4.07 3.82 411 021 024 086 0.78 408  3.81 0.03
Overall
ADG, Ib 214" 219°  225¢ 221° 218 203 006 0003 0.04 045 228  2.06 0.001
ADFI, Ib 6.35 6.22 620  6.31 6.17 637 015 042 0.66 050 6.67  5.87 0.001
FIG 2.97° 284 275 285 283 3.15° 0.07 0001 0.001 0.10 294 2386 0.05
Live wt. 241.0°° 2.44.0°249.5° 246.5° 244.1° 2333 446 0.003 0.03 048 2518 2343 0.001
Packing Plant Data
Carcasswt., b~ 188.6  190.7 1888 1872 1887 1837 409 011 082 081 190.33 18557 0.05
Backfat, in. 0.74 0.83° 083" 0.89* 0.90*° 093¢ 006 017 0.81 0.05 092 079 0.01
Bone ash, %
3" Metacarpal 43.30 4322 4119 4333 4277 4296 0.008 064 095 075 4319 43.06 0.79
4™ Metacarpal 43.84 4448 4466 4515 4375 4366 001 022 056 050 4429 44.22 0.90
Average bone ash 43.57 4385 4393 4424 4326 4331  0.007 023 071 077 4374 4364 0.79

®Values are means of 144 pigs (initially 85 Ib) with 2 pigs per pen and 12 replicate pens per treatment.
bcdMeans on the same row with different superscript differ (P<0.05).
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