Revista Brasileira de Zootecnia
© 2016 Sociedade Brasileira de Zootecnia

ISSN 1806-9290

www.sbz.org.br

Digestible phosphorus levels for barrows from 50 to 80 kg

Viviane Maria Oliveira dos Santos Nieto', Charles Kiefer?, Karina Marcia Ribeiro de Souza?,
Liliane Maria Piano Gongalves', Marina de Nadai Bonin?, Tania Mara Baptista dos Santos?,
Kelly Cristina Nunes Carvalho', Alexandre Pereira dos Santos'

" Universidade Federal de Mato Grosso do Sul, Programa de Pés-graduagédo em Ciéncia Animal, Campo Grande, MS, Brazil.

2 Universidade Federal de Mato Grosso do Sul, Faculdade de Medicina Veterinéria e Zootecnia, Departamento de Zootecnia, Campo Grande, MS,
Brazil.

3 Universidade Estadual de Mato Grosso do Sul, Faculdade de Zootecnia, Aquidauana, MS, Brazil.

ABSTRACT - This study was carried out to evaluate the levels of digestible phosphorus in diets for barrows with a high
potential for lean meat deposition from 50 to 80 kg. Eighty barrows, with an initial weight of 47.93+3.43 kg, were distributed
in completely randomized blocks, with each group given five levels of digestible phosphorus (1.86, 2.23,2.61,2.99, and 3.36 g kg™).
There were eight replicates, and two animals per experimental unit. Phosphorus levels did not significantly influence feed
intake, weight gain, or feed conversion ratio. Daily digestible phosphorus intake increased linearly as levels of phosphorus in
the diet were increased. Phosphorus levels did not significantly influence muscle depth, loin eye area, backfat thickness, or the
percentage and quantity of lean meat in the carcass. A linear increase was observed for feeding cost as the levels of digestible
phosphorus in the diet were increased, and the level of 1.86 g kg™! cost 29.4% less when compared with the level of 2.61 g kg™'.
The dry matter, natural matter, the coefficient of the residue, and volatile solids of the waste were not significantly influenced by
phosphorus levels. Conversely, it was possible to observe an increasing linear effect for total solids, total phosphorus, and total
nitrogen in the waste of animals receiving diets with increased levels of digestible phosphorus. The level of 1.86 g kg™!, which
corresponded to a daily intake of 4.77 g! of digestible phosphorus, meets the requirements of barrows weighing 50 to 80 kg.
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Introduction

Phosphorus is the second most abundant mineral in
living organisms, and among the micro minerals, it may
have the largest set of functions, participating in almost
every biochemical process in the organism. Along with
calcium, phosphorus is present in soft tissues and plays a
key role in energy metabolism in the form of ATP, ADP,
and AMP; synthesis of carbohydrates; lipids and proteins;
maintaining the acid-base equilibrium; phospholipid
formation in cell membranes; and constitution of nucleic
acids (Lehninger et al., 2002).

For swine, the phosphorus requirement comprises
the amount required for maintenance and growth, as
well as the type of tissue desired and the rate at which
it develops. Muscle tissue possesses the second largest
phosphorus reserve in the organism, whereas in adipose
tissue phosphorus presence is minimal (Stahly et al., 2000).
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Consequently, swine highly efficient in lean meat deposition
demand the highest phosphorus requirements per unit of
weight gain when compared with their counterparts of
inferior performance.

The requirement to maximize performance is
approximately 85% of the phosphorus for maximum bone
mineralization (Stein, 2012). However, to calculate these
requirements, a 77% efficiency in digestible phosphorus
utilization, which is retained in the body, was assumed.
Later studies have demonstrated this percentage to be
closer to 100% (Stein, 2012). These data demonstrate
there is a considerable margin for error on the calculations
for phosphorus requirements. Currently, the digestible
phosphorus levels recommended by the Brazilian Tables
(Rostagno et al., 2011) and the NRC (2012) for barrows in
the weight range of 50 to 75 kg are 2.68 and 2.60 g kg™,
respectively. However, few studies have evaluated the
sequential nutritional levels of digestible phosphorus.

Phosphorus and nitrogen, among others, are considered
to have a high environmental impact when released as
untreated waste (Aarnink and Verstegen, 2007; Cadis
and Henkes, 2014). Constantly reviewing nutritional data
allows for a fine-tuning of phosphorus levels in the diets,
thereby decreasing the safety margins and improving
animal nutritional efficiency while decreasing the excretion
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of nutrients in the environment. Therefore, this study
was carried out to evaluate the effects of digestible
phosphorus levels in diets on performance, feeding
costs, carcass characteristics, and the quantitative and
qualitative characteristics of the waste from barrows
from 50 to 80 kg.

Material and Methods

This work was carried out according to the ethical
standards of and approved by the Committee of Ethics
and Biosafety of Universidade Federal de Mato Grosso
do Sul - UFMS (case no. 495/2013). Eighty commercial
hybrid (Duroc/Pietran x Large Withe/Landrace) barrows,
with an average initial weight of 47.93+3.43 kg, were
used. Animals were distributed in a randomized block
design comprising five levels of digestible phosphorus
(1.86, 2.23, 2.61, 2.99, and 3.36 g kg™'), totaling eight
replications and two animals per experimental unit. The
experimental unit was represented by the pen, and the
initial weight of the animals was used as the parameter in
block designation.

Animals were housed in forty pens measuring
1.15 m (width) x 2.86 m (length) and equipped with
semi-automatic feeders and bite nipple drinkers, as well
as a shallow water channel to transport animal waste. The
pens were located in a masonry shed with ceramic roofing
tiles. Temperature and relative humidity were monitored
daily at nine spots inside the shed at 0.008 h and 16.00 h
using a digital thermometer model ITWTG2000, which
provided data for dry bulb, wet bulb, and black-globe
temperatures as well as relative humidity. Recorded values
were converted to globe temperature and humidity index
(BGHI) values to characterize the thermal environment
(Buffington et al., 1981).

Experimental diets (Table 1), prepared with soybean
meal and corn, were supplemented with amino acids,
minerals, and vitamins to meet the nutritional requirements
of the animals, as proposed by Rostagno et al. (2011), with
the exception of digestible phosphorus and calcium levels.
A constant Ca:P ratio was maintained. The different levels
of calcium and phosphorus in the experimental diets were
obtained by replacing kaolin with dicalcium phosphate
and calcitic limestone. The ratio between lysine and
the remaining amino acids was consistently maintained
to attain the ideal protein pattern as recommended by
Rostagno et al. (2011).

Diets were offered ad libitum to the animals throughout
the experimental period. Feed leftovers on the floor were
collected on a daily basis, weighed once a week, and

computed along with the feed remaining in the feeders at
the end of the experimental period to determine daily feed
intake. Animals were weighed in the beginning and at the
end of the experimental period to determine daily weight
gain and feed conversion ratio. Daily digestible phosphorus
intake was determined using feed intake data (phosphorus
level, % % daily feed intake)/100.

During the last weighing, an in vivo ultrasonography
method was used to obtain backfat thickness (mm) and
muscle depth (mm) measurements, using an Aloka SSD
500 Micrus Ultrasound (Aloka Co. Ltd, Wellingtongford,
CT) equipped with a 120 mm-long linear transducer with
a frequency of 3.5 MHz. A silicon adapter for the probe
was used to adjust the fit between the transducer and the
body of the animal. Additionally, soybean oil was used to
eliminate air between the probe and the skin of the animal.
The ultrasonography was carried out by placing the probe
between the 12th and 13th ribs on the left side of the
animal. Images from the ultrasonography were stored on a
computer for later analysis.

Table 1 - Nutritional and proximate composition of experimental
diets for barrows from 50 to 80 kg

Digestible phosphorus level (g kg™)

Ingredient

1.86 223 261 299 336
Corn 755.00 755.00 755.00 755.00 755.00
Soybean meal 202.30 202.30 202.30 202.30 202.30
Inert (Kaolin) 15.00 1137 7.74 412 049
Soybean oil 6.06 6.06 6.06 6.06 6.06
Dicalcium phosphate 4.28 698 9.68 12.38 15.08
Limestone 443 536 629 721 8.14
Premix! 4.00 400 400 400 4.00
Salt 380 380 3.80 3.80 3.80
L-lysine HCI 78% 312 312 312 312 312
DL-methionine 99% 074 074 074 074 0.74
L-threonine 98% 0.73 0.73  0.73 0.73 0.73
L-tryptophan 98% 0.08 008 0.08 0.08 0.08
Bacitracin zinc 0.50 0.50  0.50 0.50 0.50
Calculated nutritional composition
Crude protein (g kg ™) 155.00 155.00 155.00 155.00 155.00
Metabolizable energy (kcal/kg) 3,230 3,230 3,230 3,230 3,230
Digestible lysine (g kg™) 891 891 891 891 8.91
Digestible methionine + 526 526 526 526 526
cystine (g/kg)

Digestible threonine (g kg ™) 5.79 579 579 579 5.79
Digestible tryptophan (g kg™') 1.60 1.60 1.60 1.60  1.60

Digestible valine (g kg™) 638 638 638 638  6.38
Digestible isoleucine (g kg™')  5.58 5.58 5.58 5.58 5.58
Sodium (g kg™") .70 1.70 170 1.70  1.70
Calcium (g kg™) 343 343 546 648 749
Total phosphorus (g kg™") 3.61 411  4.62 5.12 5.62

Digestible phosphorus (gkg™") 1.86 223 2.61 299 3.36

! Content per kg of product: pantothenic acid - 9.2 mg; niacin - 18.0 mg; folic acid - 0.5 mg;
copper - 15.0 mg; iron - 0.10 g; zinc - 0.13 g; iodine - 1.0 mg; selenium - 0.3 mg;
manganese - 0.05 g; vitamin A - 5,000 IU; vitamin D3 - 1,000 IU; vitamin E - 25.0 TU;
vitamin K3 - 3.0 mg; vitamin B1 - 1.5 mg; vitamin B2 - 4.0 mg; vitamin B6 - 1.5 mg;
vitamin B12 - 18.0 mg; BHT (butylated hydroxytoluene) and excipient q.s. - 1,000 g.
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Carcass lean meat was calculated using the following
equations from Guidoni (2000):

Lean meat (%) = 65.92 — [(0.685 x backfat thickness,
mm) + (0.094 x muscle depth, mm) — (0.026 x cold carcass
weight, kg)];

Lean meat quantity (kg) = ((hot carcass weight x lean
meat, %)/100);

Daily lean meat deposition (g) = (final lean meat, kg
— initial lean meat, kg)/experimental period.

To analyze the cost of digestible phosphorus consumed,
and the cost of digestible phosphorus per weight gain, the
value in Brazilian Real currency (R$) of commercialized
phosphorus found in dicalcium phosphate was used, and
this was in turn extrapolated to calculate the cost of the
quantity of phosphorus found in corn and soybean meal.
The retail price of dicalcium phosphate for Campo Grande
- MS/Brazil was considered R$ 1.80 kg™'.

The amount of waste produced was quantified, and a set
of analyses was performed to determine its physical (total
and volatile solids) and chemical (total nitrogen and total
phosphorus) characteristics. Sampling was carried out using a
shovel after the shallow water channel was dried out; samples
were put inside plastic bags, properly identified, and then
stored in a freezer at —12 °C. Subsequently, the samples were
kept at ambient temperature for analysis. Waste production,
expressed as kg of total solids (TS) animal™ day™!, was
calculated using data of waste weight (kilograms), number of
animals allocated, number of days, and total solids content
in the waste, according to the equation below:

Waste production (kg TS x animal™! day ') = ((kg of
waste/animal)/day) X TS (%).

The residue coefficient was also computed; this
coefficient indicates the quantity of waste generated per
kilogram of the main product. The residue coefficient
was obtained by considering the total quantity of waste

Digestible phosphorus levels for barrows from 50 to 80 kg

produced (dry basis) in relation to the weight gain of the
animals, as follows:

CR = (waste production, kg DM/weight gain, LW).

The total and volatile solids contents were determined
using methodologies described by APHA, AWWA, and
WPCF (2012). Total nitrogen concentration was determined
using the micro-Kjeldahl method, as described by Silva and
Queiroz (2002), while total phosphorus concentration was
determined by the colorimetric method, as described by
Malavolta et al. (1991).

Data obtained for performance, carcass quantification,
and characterization of waste were subjected to analysis of
variance, taking into account the initial weight of the animals
as a co-variable. Linear and quadratic regression analyses
were also carried out, according to the best fit obtained for
each variable. Statistical analysis were performed using
SAS software (Statistical Analysis System, version 9.1).

Results and Discussion

The mean maximum and minimum temperatures were
31.09£2.23 °C and 20.0£2.23 °C, respectively, and the mean
overall temperature observed throughout the experimental
period was 26.21+3.54. The relative humidity and BGHI
observed were 65.89+16.18 and 76.90+2.4, respectively.

The mean temperatures observed in this study were
above the superior critical temperature recommended by
Leal and Naas (1992), who considered the temperature
range between 18 to 12 °C as the optimal temperature for
the welfare of animals in the growing and finishing phases,
weighing 30 to 100 kg.

The globe temperature and humidity index value were
higher than the means observed by Tindco et al. (2007) when
assessing swine in the same phase. The authors describe
this value to be critical to the animals, which presented

Table 2 - Performance of barrows from 50 to 80 kg fed diets with different levels of digestible phosphorus

Digestible phosphorus level (g kg™)

Variable CV (%) P-value
1.86 2.23 2.61 2.99 3.36

W (kg) 48.25 47.50 47.66 47.93 48.18 - -
FBW (kg) 83.33 82.09 82.55 82.30 83.99 3.28 0.618
ADFI (kg) 2.56 2.50 2.55 2.59 2.61 8.05 0.827
ADDPI (g)! 4.77 5.57 6.65 7.73 8.78 9.10 <0.001
ADWG (kg) 1.00 0.99 1.00 0.98 1.02 7.72 0.853
F:G 2.57 2.53 2.56 2.63 2.56 6.03 0.729
CDPC (R$)! 0.061 0.072 0.086 0.100 0.114 10.91 <0.001
CDPWG (RS)! 0.061 0.073 0.086 0.102 0.111 13.75 <0.001

IW - initial weight; FBW - final body weight; ADFI - average daily feed intake; ADDPI - average daily digestible phosphorus intake; ADWG - average daily weight gain; F:G - feed

conversion,; CDPC - cost of digestible phosphorus consumed daily; CDPWG - cost of digestible phosphorus per weight gain.

CV - coefficient of variation.
! Linear effect (P<0.01).
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acute symptoms indicative of heat stress. High temperature
and BGHI values are unfavorable conditions for swine.

There was no significant effect (P>0.05) of digestible
phosphorus levels on daily feed intake (Table 2). The mean
daily intake value of 2.57 kg recorded in this study was
lower than that observed by O’Quinn et al. (1997), who
evaluated barrows of high genetic potential and superior
performance from 50 to 80 kg, and by Arouca et al. (2010),
for barrows from 60 to 95 kg.

According to Underwood (1981) and Shrivastat (2002),
phosphorus plays a role in both appetite control and feed
efficiency, and its deficiency in the diet could lead to a
decreased feed intake, due to a reduction in the synthesis
and liberation of growth hormones and thyroid hormones
(e.g., triiodothyronine). An actual decrease in feed intake
should only occur in cases of extreme phosphorus deficiency
(Reinharte and Mahan, 1986), which was not observed in
this study, since all of the levels assessed presented the
same degree of voluntary intake.

As expected, the daily digestible phosphorus intake
increased linearly (P<0.01) with the increase in levels of
this mineral in the diet, as demonstrated by the equation
§=-0.3767 +27.121x, r* = 0.85.

Barrows fed the basal diet consumed 30.6 and 28.4%
less digestible phosphorus than the quantity recommended
by Rostagnoetal. (2011) and the NRC (2012), respectively,
without causing impaired body development. Since there
was no increase in the daily intake at any level of digestible
phosphorus, it can be inferred that this response is related
to the increase in phosphorus levels in the diet. Stahly et al.
(2000), Arouca et al. (2010), and Saraiva et al. (2011) also
observed a linear effect of available phosphorus in the
diets on daily phosphorus intake of barrows weighing
60 to 100 kg.

The final weight, daily weight gain, and feed conversion
ratio were not influenced (P>0.05) by digestible phosphorus
levels. According to Reinhart and Mahan (1986), low
phosphorus levels in growing swine diets can negatively
affect the weight gain, and the efficiency of feed utilization,
for these animals. For Stahly (2007), this imbalance was
found to negatively influence the relationship between
protein and adipose tissue in the carcass, thus increasing
body fat percentage, impairing weight gain, and reducing
the feed efficiency/increasing feed conversion ratio. The
data from the present study denote that the basal diet was
able to meet the current nutritional requirements for the
growth performance of the animals.

Phosphorus  requirements  affecting  optimum
performance have been demonstrated in other studies
(O’Quinn et al., 1997) with barrows from 50 to 80 kg,

which recommended a daily intake of 5.70 g of digestible
phosphorus. Saraiva et al. (2009) recommended a daily
available phosphorus intake of 7.45 and 7.36 g™' to optimize
the responses for weight gain and feed conversion ratio,
respectively, for swine from 30 to 60 kg. By contrast, Arouca
et al. (2009) established a daily available phosphorus intake
0f9.82 and 9.11 g!, respectively, to obtain maximal weight
gain and feed conversion ratio responses for swine from
30 to 60 kg. Biinzen et al. (2012) recommended a level of
3.10 gkg ' and an intake of 5.87 g! of digestible phosphorus
to optimize the weight gain and the feed conversion ratio of
swine in the same weight range.

Other studies with swine weighing 60 to 100 kg
(Arouca et al., 2010; Saraiva et al., 2011) considered the
intakes of 9.85 and 7.38 g' of available phosphorus as
adequate for daily weight gains, and the intakes of 7.36
and 9.04 g! for the feed conversion ratio, respectively.
The distinct performance results observed between this
study and other studies in the literature might be related
to the responsiveness of animals to phosphorus supplied
for proper development. This individualism could also be
related to their genetic potential (Wiseman and Mahan,
2010) and sanitary status (Trevisi at al., 2009), but primarily
to the thermal environment in which these animals were
allocated (Le Bellego et al., 2002).

The levels of digestible phosphorus evaluated
influenced linearly (P<0.01) the costs of feeding as
described by the cost of digestible phosphorus consumed,
according to equation § = —0.0003 + 0.3199x, r* = 0.81;
and the cost of digestible phosphorus per weight gain, by
equation ¥ = 0.0019 + 0.3147x, r* = 0.92.

The cost markedly increased from the basal diet
with the lowest supplementation level. With these
results, it is possible to determine a reduction of 29.4%
in the supplementation costs with the basal diet, without
hindering the performance of the animals, comparing the
intermediary with the highest phosphorus level assessed
(2.61 g kg™), which is close to the level recommended by
Rostagno et al. (2011) and the NRC (2012).

There was no influence (P>0.05) on backfat thickness,
muscle depth, lean meat quantity and percentage, or daily
lean meat deposition in the carcass by the digestible
phosphorus levels (Table 3). Performance requirements
were met with the lowest digestible phosphorus level, with
no reduction in quantitative carcass traits.

The response observed in the present study for
phosphorus levels on backfat thickness were similar those
observed in other studies (O’Quinn et al., 1997; Traylor
et al., 2005; Arouca et al., 2010; Arouca et al., 2012).
Phosphorus levels lower than those required by the animals
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could lead to a lower capacity to deposit muscular mass,
and an increased proportion of fat deposited on the carcass
(Stahly, 2007). Such conditions may lower the quality of
the swine carcass, although this situation was not observed
in the present study.

Similar to the results of this study, Traylor et al. (2005)
also did not find an effect of phosphorus levels, or sources,
on muscle depth when measured using an ultrasonography
method in studies with barrows and gilts. However, Arouca
et al. (2010) reported a quadratic effect of phosphorus
levels on muscle depth, with an increase up to the level of
3.50 g kg™!, corresponding to a daily intake of 9.89 g.

The measured values for loin eye area in this study
were not different among treatments, and corroborate the
findings of O’Quinn et al. (1997), who evaluated four
levels of digestible phosphorus for barrows from 50 to
80 kg. Animals fed the basal diet maintained a satisfactory
percentage quantity, and deposition of lean meat; these
results were similar among treatments. Likewise, Traylor
et al. (2005) did not find any effect of phosphorus levels
on lean meat percentage, or deposition, for barrows from
45 to 110 kg. The mean daily lean meat deposition value
observed in the present study was higher than the 317 g
and 316 g reported by O’Quinn et al. (1997) and Traylor
et al. (2005), respectively. It was also higher than the 395 g
recommended by the NSNG (2010).

No significant difference (P>0.05) was found for dry
matter content, natural matter content, and the residue
coefficient of waste production, demonstrating that the

Digestible phosphorus levels for barrows from 50 to 80 kg

levels of digestible phosphorus in diets for swine from 50 to
80 kg did not quantitatively alter waste production (Table 4).

Mean waste production was 0.280 and 0.770 kg of
dry matter and natural matter day ' animal™', respectively.
These values were similar to those obtained by Miranda et al.
(2012) for growing barrows.

The mean residue coefficient was 0.270 kg of waste
per kg of body weight, which means that during the
experimental period, animals produced 0.270 kg of waste
for each kilogram of body weight. Contrasting residue
coefficients were reported by Orrico Junior et al. (2011) and
Miranda et al. (2012). These values were 0.230 kg of waste per
kg of body weight for growing swine and 0.470 kg of waste
per kg of body weight for swine from birth to slaughter,
respectively. Although swine are animals which produce
a large amount of waste, when this waste is analyzed
in relation to meat production, the residue coefficients
observed are usually lower than 1.0, an indicator of the
productivity efficiency of the system.

A decreasing linear effect was observed (P<0.01) for
digestible phosphorus levels on the total solid content
of waste, in which the increase in phosphorus in the diet
reduced total waste solids production (Table 5). However,
digestible phosphorous levels were not observed to affect
(P>0.05) volatile solids content in waste.

The total solids content is the residue matter after water
is evaporated from the waste, whereas the volatile solids
content is the presence of organic matter in waste. Although
the levels of digestible phosphorus interfered with total

Table 3 - Quantitative carcass characteristics of barrows from 50 to 80 kg fed diets with different levels of digestible phosphorus

Digestible phosphorus level (g kg™)

Variable CV (%) P-value
1.86 2.23 2.61 2.99 3.36
BTU (mm) 9.64 8.34 8.70 8.37 8.17 25.32 0.396
MDU (mm) 42.52 41.11 40.47 42.01 41.83 9.22 0.645
LEAU (cm?) 30.89 30.49 29.29 29.73 31.24 12.48 0.622
PLM (g kg™) 617.30 625.00 622.00 625.50 626.50 2.33 0.441
ALM (kg) 37.70 37.68 37.47 38.03 38.67 6.93 0.753
DDLM (g day™) 0.411 0.414 0.409 0.420 0.431 11.32 0.699

BTU - backfat thickness, measured by ultrasound; MDU - muscle depth, measured by ultrasound; LEAU - loin eye area, measured by ultrasound; PLM - percentage of lean meat;

ALM - amount of lean meat; DDLM - daily deposition of lean meat.
CV - coefficient of variation.

Table 4 - Waste production and residue coefficient of barrows from 50 to 80 kg fed diets with different levels of digestible phosphorus

Digestible phosphorus level (g kg™)

Variable CV (%) P-value
1.86 2.23 2.61 2.99 3.36

Waste production, dry matter! 0.270 0.270 0.310 0.260 0.270 12.42 0.965

Waste production, natural matter' 0.710 0,750 0,860 0,790 0,750 13.70 0.250

Residue coefficient? 0.260 0.280 0.290 0.270 0.260 17.68 0.811

"In kg day' animal ™.
% In kg of manure™' kg body weight .
CV - coefficient of variation.
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Table 5 - Physical and chemical characteristics of waste of barrows from 50 to 80 kg fed diets with different levels of digestible phosphorus

Digestible phosphorus level (g kg™)

Variable CV (%) P-value R?
1.86 2.23 2.61 2.99 3.36

Total solids (g kg™)* 37.51 36.31 35.62 34.55 34.10 3.65 <0.001 0.98

Volatile solids (g kg™")™ 26.25 25.69 25.60 25.40 25.25 1.60 0.006 -

Total nitrogen (g kg™)° 1.93 2.05 2.19 2.20 2.34 7.00 <0.001 0.96

Total phosphorus (g kg )¢ 1.51 1.97 2.08 2.44 2.53 18.36 <0.001 0.95

ns - not significant.
R?=R- square: a) § =41.01 — 17.15x; b) § = 1.54 + 1.92x; ¢) § = 0.525 + 5.04x
CV - coefficient of variation.

solids concentrations, they did not affect the concentrations
of the solids degradable fraction, which in turn, favors
the use of this waste in both anaerobic and aerobic waste
treatment systems.

Total solids and volatile solids contents of 290.86 and
250.98 g kg!, respectively, were found by Miranda et al.
(2012), for the waste from growing swine. These values
were similar to those found in the present study. The
total phosphorus excretion increased linearly (P<0.05) as
digestible phosphorus levels in the diets were increased,
thus increasing phosphorus excretion to the environment.

Phosphorus absorption is proportional to its ingestion
when this ingestion is within the standard values, i.e., values
recommended by nutritional requirement tables for each
category and production phase. Studies have demonstrated
that phosphorus absorption efficiency is boosted when
there is a decrease in the supply of this mineral. However, if
phosphorus in the diet is offered far above what is required
by the animal, there will be a reduction in its absorption
capacity, thereby increasing phosphorus excretion. This
adaptive response to dietary phosphorus is specific to the
sodium/phosphate co-transport (Loghman-Adham, 1993).

The total nitrogen concentration in waste increased
linearly (P<0.01) for the levels of digestible phosphorus
assessed, in which the highest level of digestible phosphorus
in the diet showed the highest nitrogen excretion in the
waste.

Phosphorus is one of the most versatile elements
present in animals, participating in numerous metabolic
activities, with paramount importance in nutrient
absorption and transport, as well as a role in the regulation
of protein activity. It is probable that the highest levels of
this mineral interfered with processes related to protein
absorption, causing an increase in nitrogen excretion to
the environment. This explanation could be supported by
the findings of Berner et al. (1976), who evaluated the
influence of high phosphate levels as a feeding additive
on mineral absorption. These authors concluded that high
phosphorus levels in the diet could not only interfere with
dietary protein usage, but also with the absorption of iron,

copper, and zinc, although the effects depicted in the
literature are scarce.

Phosphorus and nitrogen, along with copper and
zinc, are elements with the greatest potential to become
pollutants, negatively affecting environmental equilibrium
(Ceretta et al., 2005; Gréber et al., 2005; Girotto et al.,
2010). Therefore, it is necessary to constantly evaluate
swine waste composition, as it presents high excretion
levels of the aforementioned minerals. The most effective
way to reduce nutrient excretion in the environment is by
adjusting ingestion levels, suiting the formulation so that
it meets with precision the requirements of the animals,
taking into account their specificities and growth phase.

Therefore, it can be inferred that phosphorus
supplementation above the level provided in the basal
diet has no justification, from a technical, economical, or
environmental perspective. According to Hartog and Sijtsma
(2007), animal waste treatment should be considered in the
production costs; thus, the total production cost of swine
would be substantially reduced.

From the results provided in this study, it can be stated
that the basal diet at a level of 4.77 g did not hinder growth
performance or the quantitative characteristics ofthe carcass;
it also displayed a lower excretion of total phosphorus and
nitrogen. Thus, this level can be recommended to formulate
swine diets for swine weighing 50 to 80 kg.

Furthermore, it is worth noticing that the estimated
levels and daily intake of phosphorus were 30.6% lower than
those recommended by the nutritional tables of Rostagno
et al. (2011), and 19% lower than the recommendations of
the NSNG (2010) for the same category of animals used in
the present study. Their data established, respectively, the
requirement for digestible phosphorus to be 2.68 g kg™,
equivalent to 6.56 g for swine from 50 to 70 kg, and 2.30 g kg™,
equivalent to 5.32 g for swine from 60 to 80 kg.

Therefore, with these new data, it is necessary to review
the nutritional requirements of digestible phosphorus
for swine in this category, since their requirements for
performance and carcass characteristics were met at levels
lower than those previously established.
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Conclusions

The level of 1.86 g kg' of digestible phosphorus,
equivalent to a daily intake of 4.77 g of digestible
phosphorus, meets the nutritional requirements for
phosphorus of barrows weighing from 50 to 80 kg, and
allows for a reduction in costs of both phosphorus consumed
and excreted in waste.
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