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ABSTRACT - With the objective to evaluate the effect of dietary available phosphorus levels (aP) on the performance,

blood and bone parameters of castrated male and female pigs, genetically selected for meat deposition, 60 commercial hybrids

pigs with initial weight of 15.54+0.68 kg were allotted in a completely randomized block design, with six treatments (0.103,

0.210, 0.317, 0.424, 0.531, and 0.638% aP), five replicates, and two animals per experimental unit. Pigs were fed ad libitum

and water was provided until the end of the experimental period (21 days), when animals reached 31.31£2.94 kg. Daily weight

gain and daily feed intake increased, while the feed conversion improved quadratically up to 0.534, 0.487, and 0.574% aP

maximum responses, respectively. The aP intake and the values of inorganic phosphorus in serum increased linearly with

increasing the levels of aP in the diets. Alkaline phosphatase activity increased quadratically up to 0.558% maximum

response. Bone breaking strength and calcium, phosphorus, and ash contents in the bones increased linearly with increasing

aP concentration in the diets. The available phosphorus requirement of castrated male and female pigs genetically selected

for meat deposition from 15 to 30 kg for best results of performance is 0.574%, corresponding to a daily intake of 8.26 g

of available phosphorus.
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Introduction

The production of pig carcasses with reduced fat
content, besides meeting the consumer demands, enables
better efficiency of the production process as pigs
genetically selected for meat production are more efficient
inthe conversion of food into kilograms of carcass. However,
changes in the rates of synthesis and deposition of body
tissues can result in changes in nutrient requirements of
pigs, and among these nutrients phosphorus deserves
special attention.

In several countries, as well as in Brazil, intensive
animal production tends to concentrate in certain areas and
pig production is not an exception. Due to the increasing
social and governmental concern with environmental
pollution caused by pig slurry and also for economic
reasons, the pig industry has been under pressure to take
steps to substantially reduce the excretion of nutrients,
including phosphorus, into the environment.

Although there is great interest in reducing phosphorus
excretion by pigs, these efforts may result in deficiencies
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which, although moderate, may affect not only growth but
also the integrity of pigs’ bone. The provision of adequate
levels of phosphorus in the diet is critical to maintaining
profits in production and welfare of animals (Alexander
et al., 2008). Thus, as well as for other nutrients, the first
approach to improve the efficient use of phosphorus for
pigs is to ensure an adequate intake of this mineral according
to the genetic potential of the animals, avoiding deficient
levels in feed or feed formulation with safety margins.
Thus, because of the growing concern about
environmental pollution caused by phosphorus excretion
in regions of intensive production and also due to new
genetic lines with higher production potential that become
available in the market every year, the redefinition of the
phosphorus requirements for pigs has become a constant
need. Phosphorus deficiency impairs performance and
jeopardizes bone tissue of pigs, and the excess, in addition
to being also detrimental (Fernandez, 1995), contributes to
the increased excretion of this mineral to the environment.
This study was conducted to evaluate the effect of
available phosphorus levels in the diet on the performance,



66 Arouca et al.

blood and bone parameters of 15 to 30 kg castrated male
and female pigs genetically selected for meat deposition.

Material and Methods

The experiment was conducted in Fazenda
Experimental Vale do Piranga of the state-owned Empresa
de Pesquisa Agropecuaria de Minas Gerais — EPAMIG
(Oratoérios, Minas Gerais, Brasil), from May to June.

Sixty commercial hybrid pigs, barrows and gilts,
genetically selected for meat deposition, with initial
weight of 15.54+0.68 kg were allotted in a completely
randomized block design with six levels of available
phosphorus, five replicates and two pigs (1 male and
1 female) per experimental unit (cage). Initial body weight
was used as criterion in the blocks formation.

Pigs were housed in suspended metal cages
(0.925 m? per pig), with wired mash floor and sides,
equipped with semi-automatic feeders and nipple drinkers,
located in a facility with concrete floor and covered with
ceramic tiles. The thermal environment inside the facility
was monitored daily (7:00 h), using minimum and
maximum thermometer placed in an empty cage in the

Table 1 - Composition and nutritional values of experimental diets

middle of the nursery room at half height of the pigs
body.

The experimental isonitrogenous and isoenergetic diets
(Table 1), were corn and soybean meal based, supplemented
with minerals and vitamins to meet the requirements of this
animal category according to Rostagno etal. (2005), except
for available phosphorus.

The treatments which consisted of different available
phosphorus levels (aP) included a basal diet and five diets
obtained by the supplementation of the basal diet with
dicalcium phosphate, in substitution of kaolin, resulting in
dietswith0.103,0.210,0.317,0.424,0.531,and 0.638% aP.
Industrial amino acids were added maintaining the ratios
with digestible lysine suggested by Rostagno et al. (2005),
according to the ideal protein concept.

The experimental diets were fed ad libitum and water
was provided throughout the experimental period (21
days). Experimental diets, waste and leftovers were weighed
weekly, and pigs were weighed individually at the
beginning and at the end of the experiment, when they
reached 31.3142.94 kg, to calculate average weight gain
(ADQG), feed conversion (FC), daily feed intake (DFI), and
daily available phosphorus intake.

Ingredient Available phosphorus level (%)

0.103 0.210 0.317 0.424 0.531 0.638
Corn 63.136 63.136 63.136 63.136 63.136 63.136
Soybean meal 29.582 29.582 29.582 29.582 29.582 29.582
Soybean oil 2.372 2.372 2.372 2.372 2.372 2.372
Dicalcium phosphate 0.000 0.576 1.156 1.734 2.314 2.890
Limestone 1.848 1.476 1.102 0.730 0.354 0.000
Kaolin 1.640 1.436 1.230 1.024 0.820 0.598
Salt 0.458 0.458 0.458 0.458 0.458 0.458
Vitamin premix! 0.300 0.300 0.300 0.300 0.300 0.300
Mineral premix? 0.100 0.100 0.100 0.100 0.100 0.100
Growth promoter3 0.150 0.150 0.150 0.150 0.150 0.150
Growth promoter 0.150 0.150 0.150 0.150 0.150 0.150
L-Lysine HCl — 78.4% 0.170 0.170 0.170 0.170 0.170 0.170
DL-Methionine — 99.0% 0.056 0.056 0.056 0.056 0.056 0.056
L-Threonine — 98.5% 0.028 0.028 0.028 0.028 0.028 0.028
Antioxidant 0.010 0.010 0.010 0.010 0.010 0.010
Total 100.00 100.00 100.00 100.00 100.00 100.00
Nutritional calculated composition
ME (kcal/kg) 3250 3250 3250 3250 3250 3250
Crude protein (%) 18.84 18.84 18.84 18.84 18.84 18.84
Digestible lisine (%) 1.00 1.00 1.00 1.00 1.00 1.00
Digestible met + cys (%) 0.60 0.60 0.60 0.60 0.60 0.60
Digestible threonine (%) 0.65 0.65 0.65 0.65 0.65 0.65
Sodium (%) 0.20 0.20 0.20 0.20 0.20 0.20
Calcium (%) 0.80 0.80 0.80 0.80 0.80 0.80
Total phosphorus (%) 0.314 0.421 0.528 0.635 0.742 0.848
Available phosphorus (%) 0.103 0.210 0.317 0.424 0.531 0.638

I'Provided per kg of product: folic acid - 420 mg; panthothenic acid - 7,350 mg; biotin - 16.56 mg; niacin - 13,650 mg; piridoxin - 700 mg; riboflavin - 2,100 mg;

selenium - 136.50 mg; thiamin - 700 mg; vitamin A - 2,800,000 1U; vitamin B, - 11,550 mcg, vitamin D5 - 1,050,000 IU; vitamin E - 10,500 mg; vitamin K5 - 2,800 mg.
2 Provided per kg of product: calcium - 98,800 mg; cobalt - 185 mg, copper - 15,750 mg; iron - 26,250 mg; iodine - 1,470 mg; manganese - 41,850 mg; zinc - 77,999 mg.
3 Provided per kg of product: copper - 115,000 mg; iron - 30,000 mg; zinc - 30,000 mg.

ME - metabolizable energy; met + cys - methionine + cystine.
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Atthe end of the experiment all pigs were fasted for 12
hours, followed by 1 hour of feeding ad libitum. Then they
were fasted again and had no access to water for 4 hours of
blood sampling by puncturing the orbital venous plexus.
Blood samples were kept at rest for one hour at room
temperature for clotting and clot retraction, and then
centrifuged at 3,500 rpm for 10 minutes to separate serum,
which was stored in a refrigerator. Cooled serum was then
sent to the laboratory of Patologia Clinica of Escola de
Veterinaria of UFMG for analysis of alkaline phosphatase
activity (APA) and phosphorus in serum.

Analyses were performed using kits for determination
of alkaline phosphatase activity and serum phosphorus
(Roadmaps for analysis of alkaline phosphatase and
serum phosphorus lab SYNERMED®, Westfield, IN,
USA - SYNERMED® of Brasil, Sdo Paulo, SP)inadevice
of the brand “Cobas Mira”, which is equipped with
spectrophotometer. The Synermed® method for
determination of alkaline phosphatase activity uses the
p-nitrophenylphosphate as substrate and measures the
reaction kinetically at 405 nm, as described by Bowers &
McComb (1966), called UV enzymatic method (IFCC-AMP)
for quantitative determination of alkaline phosphatase.

The phosphorus content in serum was measured using
the colorimetric IR/catalysed (phosphomolybdate/PVP),
which uses polyvinylpyrrolidone to catalyze the reaction
of phosphorus with molybdate. The polyvinylpyrrolidone
polymer catalyzes the formation of molybdate, which,
having reacted with phosphorus, forms a phosphomolybdate
complex, which is reduced to form a strong blue
chromophore that strongly absorbs the infrared and can
be quantified spectrophotometrically between 600 and
700 nm.

After the procedures of blood sampling, one animal
from each experimental unit, with the body weight closest
to the average weight of the block, was stunned, with
further exsanguination for collection of the front foot from
therightside. The collected paws were placed in aluminum
container and boiled in water to soften the skin and muscle
around bones to remove the third metacarpals.

The metacarpal bones were oven-dried (65 °C, 72 hours)
and then subjected to a breaking bending force (shear
failure), indicator of bone strength. Using the apparatus
Instron Corporation IX Automated Materials Testing
System - Model 4204, belonging to the Laboratoério de
papel e cellulose, Departamento de Engenharia Florestal,
Universidade Federal de Vigosa, in Vigosa, MG, Brasil.

After the breaking strength test, the bones were
defatted in Soxhlet extractor and oven-dried (65 °C, 24 hours)
and then ground. Analyses of calcium, phosphorus and
bone ash were performed at the Laboratory of Agroceres,
Rio Claro - SP, using the methods described by Silva &
Queiroz(2002).

The statistical analysis of the performance data, bone
parameters and daily carcass protein and fat deposition was
performed using the procedures for analysis of variance
and regression contained in the SAEG statistical package
(Sistemas para Analises Estatisticas, versao 9.1). The
requirement of aP was obtained based on the results of daily
weight gain, feed conversion and bone parameters using
linear, quadratic or linear response plateau models, according
to the best model adjustment for each variable. For all
statistical procedures, probability values below 0.05 were
considered significant.

Results and Discussion

During the experimental period the average minimum
and maximum temperatures inside the rooms were
18.65+1.65°Cand 26.69+1.71 °C, respectively. According
to the thermoneutral temperature range suggested by
Coffeyetal.(2000) for 18 to 34 kg pigs, which is between
18.3 and 26.7 °C, it was observed that the temperature
variation during the experiment was within the ideal range
for this animal category.

There was effect (P<0.01) of dietary aP levels on the
average daily gain (ADG) of pigs (Table 2), which increased
according to the quadratic equation: Y=0.3547+1.8801X—
1.7598X2(r2=0.99) up to 0.534% of aP maximum response
(0.164%/Mcal of metabolizable energy - ME), corresponding

Table 2 - Performance values of 15 to 30 kg pigs fed different available phosphorus levels (aP) in the diet

ITtem Available phosphorus levels (%) CV (%)
0.103 0.210 0.317 0.424 0.531 0.638

Weight gain (g/day)! 526 672 783 839 837 848 9.56
Feed intake (g/day)? 1100 1380 1413 1423 1374 1458 8.30
aP intake (g/day)3 1.13 2.89 4.48 6.04 7.30 9.30 8.06
Feed conversion (g/g)? 2.10 2.06 1.81 1.69 1.64 1.72 7.29
1.2 Quadratic effect (P<0.01) and (P<0.05), respectively.
3 Linear effect (P<0.01).
CV = coefficient of variation.

R. Bras. Zootec., v.41, n.1, p.65-71, 2012



68 Arouca et al.

toanintake of 7.74 gaP/day. Saraivaetal. (2009a) evaluating
levels of aP for pigs with high genetic potential, from 15 to
30 kg, also found a quadratic response in ADG, estimating
at 6.39 g/day the aP intake. Similar response was also
verified by Stahly & Cook (1996), who estimated the maximum
level of aP for greatest ADG in 6 to 36 kg pigs at 0.40%. On
the other hand, Stahly et al. (2000) found a linear effect on
the variable GPD in a study with piglets from 9 to 37 kg,
according to the dietary levels of Pd (0.16 to 0.56%).

The divergentresults found among studies may be related,
among other factors, to differences in the pigs genetic
potential for muscle deposition, since muscle has higher
amount of phosphorus in relation to fat (Stahly etal., 2000).

Fandrejewski & Rymarz (1986) and Hendricks et al.
(1993) found that pigs from lines with different genetic
potential for muscle deposition may differ in their
phosphorus requirements. Corroborating the findings of
these authors, Mahan (2006) evaluated the total content of
minerals in the loin and ham from pigs of two genetic lines
and found that concentrations of calcium and phosphorus
were higher in pigs with higher genetic potential for muscle
accretion.

There was quadratic effect (P<0.05) of aP on daily feed
intake (DFI) of pigs (Table 2), which increased according to
the equation: Y =0.9692 +1.9916X —2.0444X2 (12=0.78)
up to the 0.487% of aP maximum response (0.150%/Mcal of
ME), corresponding to an intake of 7.08 g/day of aP. This
result corroborates those obtained by Stahly et al. (2000),
who also reported a quadratic increase in DFI of pigs
according to the dietary aP levels, up to 0.480% aP maximum
response. However, Saraiva et al. (2009a), in a study with
pigs from 15 to 30 kg fed diets with aP levels varying from
0.103 to 0.638, found that the average feed intake (AFI)
increased linearly by increasing aP concentration. On the
other hand, Gomes et al. (1989) and Stahly & Cook (1996)
found no effect of aP in the AFI of pigs in the initial phase
of growth.

Despite the inconsistency of response observed among
studies, our results showed that the quadratic response in

AFIwas dueto the significantly reduced feed intake of pigs
fed the diet with the lowest concentration of aP (0.103%).

The aP levels influenced (P<0.01) the available
phosphorus intake (aPI), which increased linearly according
to the equation: Y=-0.310202 + 14.8486X (12=0.99). As
feed intake also varied significantly among the levels of aP,
it can be inferred that the observed increase in aPI was due
to the concentration of phosphorus in the diets and the
significant increase in the ADI.

The aP levels also influenced (P<0.05) the feed
conversion (FC) of pigs (Table 2), which improved
quadratically according to the the equation: Y =2.3867 -
2.4641X+2.1457X% (12=0.92) up to 0.574% of aP maximum
response (0.177%/Mcal of ME), corresponding to an intake
of8.26 g/day ofaP. Quadraticimprovementin FCof 15to 30 kg
pigs, selected for meat deposition, up to 0.477% of aP
maximum response was also observed by Saraivaetal. (2009a).
However, several authors have found no effect of phosphorus
levels in the diet in feed efficiency (Combs etal., 1991a;
Stahly & Cook, 1996) and the FC (Gomesetal., 1989; Hall etal.,
1996; Kegleyetal.,2001) of pigs.

Besides possible differences in the genetics capacity
for muscle deposition, the divergent results observed among
studies, may also be related to the level of pigs immune
challenge used in the different experiments. Sthaly and
Cook (1997) evaluated levels of aP for 6 to 30 kg challenged
piglets and found that the greatest FC of pigs with subjected
to moderate immune challenge occurred at the level of
0.70% aP, while for the pigs at high challenge the greatest
in FC occurred at the level of 0.40% aP.

In this study, the dietary aP levels influenced ADG and
AFI, which increased quadratically. Thus, the improvement
observed in the FC up to the estimated maximum level of
0.574% aP, indicates a possible change in the composition
of weight gain, with higher muscle and lower fat deposition
inthe pigs thatreceived diets with the highest aP levels. The
increase in weight gain of pigs associated with improvement
in feed conversion is explained mainly by a higher muscle
accretion (Marinho etal.,2007).

Table 3 - Blood and bone parameter values of 15 to 30 kg pigs fed different available phosphosrus levels (aP) in the diet

Item Available phosphorus levels (%) CV (%)
0.103 0.210 0.317 0.424 0.531 0.638
Alkaline phosphatase activity (U/L)! 469 375 352 300 317 292 18.78
Serum phosphorus (ng/dL)2 4.74 7.06 8.09 9.55 10.32 10.40 16.32
Bone strength (N)3 632 774 815 794 793 918 17.34
Bone phosphorus (mg/kg)? 6.78 7.26 7.95 7.49 8.04 7.79 8.34
Bone calcium (mg/kg)? 15.08 15.27 16.59 16.15 16.47 16.30 5.79
Bone ash (%)2 40.37 41.94 44.26 45.28 46.42 45.41 5.23

! Quadratic effect (P<0.05).
2.3 Linear effect (P<0.01) and (P<0.05), respectively.
CV = coefficient of variation.
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The dietary aP in the diets influenced (P<0.05) the
activity of the enzyme alkaline phosphatase (APA) of pigs
(Table 3), which reduced quadratically according to the
equation: Y=>545.722 —887.86X +794.796X2 (r>=0.96) up
t0 0.558% of aP maximum response (0.172%/Mcal of ME).
This result does not confirm those of Koch & Mahan (1985)
and Boydetal. (1983) who, evaluating diets with aP varying
from 0.120 to 0.500% and 0.260 to 0.500%, respectively,
observed a linear decrease in the APA by increasing aP in
thedietof 18to35and 17to 31 kg pigs. Alkaline phosphatase
is an enzyme associated with bone formation that has its
levels increased in situations where disorders in bone
mineralization occur, such as dictary deficiency of
phosphorus (Scott et al., 1997).

According to Guyton and Hall (1997), alkaline
phosphatase is almost always an indication of intense bone
formation and thus tends to be high during the growth
phase, in diseases that cause bone destruction or after bone
fractures, and in cases of Ca and/or P deficiency in the diet.
However, Dayrell et al. (1972) point out that the alkaline
phosphatase has a high coefficient of variation, which may
compromise its value as a parameter for assessment of bone
metabolic disorders. During stress, for example, alkaline
phosphatase originated in the liver may vary suddenly
(Furtado, 1991).

Concerning age, most studies have reported that the
APA decreases as the animal completes its growth phase
(Santos, 1983).

Based on the results of APA obtained in this study, it
is possible to use this variable to estimate the available
phosphorus requirement of pigs in early stages of growth,
based on the quadratic response pattern and the high
coefficient of determination verified.

The values ofinorganic phosphorus in serum increased
(P<0.01) linearly with the increase in the dietary aP levels
(Table 3), according to the equation Y=5.04870+9.17104X
(r2=0.93). Linear increase of phosphorus content in serum
was also found by Nimmo etal. (1981)and Koch etal. (1984),
studying pigs from 7 to 92 kg and 90 to 20 kg, respectively.
Different response pattern was obtained by Mahan &
Maxson (1983), who assessed phosphorus levels between
0.40 and 0.90%, and reported quadratic increase in serum
phosphorus up to 0.50% aP maximum response in pigs at
40 to 57 kg. Contrary to these results, Nimmo et al. (1980)
found no effect of dietary calcium and phosphorus in the
amount of phosphorus in the serum of pigs.

The aP levels influenced (P<0.05) bone strength of pigs
(Table 3), whichincreased linearly according to the equation:
Y=645.3410+386.1730X (12=0.72). Positive linear effect of

dietary aP in the resistance of the third metacarpal bone of
growing pigs was also observed by Eeckhout et al. (1995)
and Saraiva et al. (2009b). However, different pattern of
response was verified by O’Quinn etal. (1997) and Saraiva
etal. (2009a), who, working with pigs from 25 to 50 and from
15 to 30 kg, respectively, found that dietary levels of aP
quadratically influenced the bone strength.

The bone strength results of this study confirm those
obtained by Mahan (1982), Kochetal. (1984), Combs ctal.
(1991b), and Saraiva et al. (2009a, b) in which the level of
phosphorus required for greatest performance of pigs is
less than that required for maximum bone development.

The amounts of calcium and phosphorus in the bones
(Table 3) were influenced (P<0.01) linearly by increasing the
levels of aP in the diets, according to the equations:
Y=15.0272+2.6040X (r2=0.64) and Y=6.8735+1.8323X
(r2=0.60), respectively. There was also effect (P<0.01) of aP
(Table 3) in the percentage of bone ash that increased
linearly according to the equation: Y=40.0246+10.5939X
(r2=10.83). These results are consistent with those of bone
strength verified in this study, although they do not
corroborate those obtained by Viana (2008) and Saraiva
etal. (2009a), who reported a quadratic effect of aP levelsin
the diet on the amounts of calcium and phosphorus
measured in the third metacarpal of 15 to 30 kg pigs, up to
the maximum estimated levels 0f0.388 and 0.619% for Ca
and 0.369 and 0.596% for P, respectively.

On the other hand, in a study with 30 to 60 kg pigs,
Saraiva et al. (2009b) found the amount of phosphorus in
the third metacarpal increased linearly by increasing the
levels of aP in the diet, similarly to the results of this study.
However, according to the same authors, the amount of calcium
in the bone was not influenced by the dietary levels of aP.

In addition to other factors, such as the genetic potential
of pigs (Alexander et al., 2008), the variability of results
observed in studies investigating the effects of increasing
levels of aP in bone parameters of growing pigs is due mainly
tothe type of bone used inthe analysis (Crenshaw etal., 1981).

The mobilization of phosphorus from the bones does
not occur in the same way in different bones (Underwood
& Suttle, 1999). The spongy bones (ribs, vertebrae and
external), which typically have lower ash content, are the
first to be affected during dietary phosphorus deficiency.
Long bones such as humerus, femur, tibia and small bones
ofthe extremities (metacarpals and metatarsals, for example)
are the last reserves to be used. An example is the study of
Hastad et al. (2004), which showed no influence of aP
concentrations in the diet when the resistance test was
carried out in the third and fourth metatarsals. However,
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these same authors found linear and quadratic increase in
bone strength when evaluated in the rib bones (fifth, sixth
and seventh ribs) and femur, respectively.

Feed conversion is one of the performance variables of
greatest importance in the pig production, especially in the
growing and finishing phases. With the greatest result for
this variable at the level 0f 0.574% of aP in this study, which
also meets the requirement for improved ADG (0.534% aP),
it can be infered that the levels of 0.320 and 0.400% aP
recommended by the NRC (1998) and Rostagno etal. (2005),
respectively, may notbe sufficient to meet the requirements
of the current pig genotypes available in the market.

Conclusions

The available phosphorus requirement of castrated
male and female pigs, genetically selected for meat
deposition, from 15 to 30 kg, for greatest performance is
0.574%, corresponding to a daily feed intake of 8.26 g of
available phosphorus.
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