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A B S T R A C T

In Brazil, commonly males of dairy herd are destined to beef production. However, little is known about the
mineral requirements for dairy males. Therefore, the objective of this experiment was to evaluate the calcium
(Ca) requirements of Holstein×Zebu steers by determining Ca body tissue concentrations, true absorption and
retention coefficients, as well as the requirements for maintenance and weight gain of steers fed diets containing
or not containing dicalcium phosphate. Twenty-eight Holstein×Zebu steers with an average initial body weight
of 377.5 ± 49.4 kg were utilized. The experiment was conducted as a completely randomized design with a 2×2
factorial arrangement of treatments. Factors included 1) two concentrate levels (30% or 60%); and 2) two levels
of dicalcium phosphate (DP), 0 or the amount necessary to attend the estimated dietary requirements.
Absorption and retention coefficients, maintenance and gain requirements were estimated. The feedstuffs,
refusals, feces, urine, blood and bone were sampled for Ca and phosphorus (P) analysis. Phosphorus intake was
improved by the addition of concentrate and presence of DP. There were no variations in the daily fecal and
urinary phosphorus excretion as a function of DP. The serum level of inorganic phosphorus was lower in non-
supplemented animals, although it was within adequate concentrations for all treatments. Dry matter and
organic matter intake, organic matter digestibility, performance, and efficiency were not affected by treatment.
Absorption and retention coefficients, and the net requirements for maintenance are similar across treatments.
Therefore, the lack of inorganic supplementary Ca and P in diets of feedlot finishing cattle does not change the
concentrations of these minerals in bone. The dietary requirements of calcium and phosphorus obtained for
cattle were lower than those described by the nutritional requirement systems from Brazil, USA, and UK.

1. Introduction

The demand for sustainable beef cattle production (i.e. the use of
resources for feed production) have increased the number of crossbred
cattle experiments with the goal of obtaining the minimum amount of
inputs that are needed for animal production. Calcium and phosphorus
are common minerals supplemented to beef cattle for growth, produc-
tion, and reproduction. However, studies have shown that for beef
cattle in feedlot systems (Erickson et al., 1999; Costa e Silva et al.,
2015b; Prados et al., 2015) Ca and P supplementation is not necessary.
The desire to obtain the correct nutritional requirements of minerals,
mainly P, is based on the possibility of financial savings and reducing
the environmental impact of excess P being excreted by the animal
(Khorasani et al., 1997; Wu et al., 2000; Bogestrand et al., 2005;
Schoumans et al., 2014; Murphy et al., 2015).

In regards to the search for more efficient systems that are

financially and environmentally beneficial the nutritional aspect is
the most important factor. Thus, the constant updating of nutrient
databases that estimate the nutritional requirements of beef cattle is
really important for the maintenance of the beef production systems.
When comparing the systems of diet formulation (AFRC, 1991;
Valadares Filho et al., 2010; NRC, 2016), Costa e Silva et al. (2015a)
verified that the levels of recommended phosphorus for Nellore cattle
are greater than the animal requirement, leading to an increase in
production costs, excretion of phosphorus into the environment, and
depletion of natural resources. In Brazil, the dairy herd is comprised of
Holstein×Zebu (Bos indicus) due to their heat tolerance and disease
resistance (Santana et al., 2014; Rotta et al., 2015). Commonly males of
dairy herd are destined for beef production, in a system called “dairy
cow, beef calf” (Menezes et al., 2015). However, little information is
available describing the mineral requirements for these crossbred
animals. Thus, our hypothesis is that not supplementing calcium and
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phosphorus to Holstein×Zebu feedlot cattle does not affect the
concentration of these minerals in several body tissues, and that
predicted nutritional requirements of Ca and P are overestimated.
Our objective was to evaluate the concentration of calcium and
phosphorus in body tissues, true absorption and retention coefficients
of Ca and P, and the requirements for maintenance and weight gain of
Holstein×Zebu steers that are fed diet either supplemented or not
supplemented dicalcium phosphate.

2. Materials and methods

This experiment was conducted in Universidade Federal de Viçosa,
Viçosa, MG, Brazil in the Experimental Feedlot of Animal Sciences
Department, following approval by the Ethics Committee for Animal
Use (CEUA/DZO/UFV process number 77/2013).

2.1. Animals, treatments and experimental design

Twenty-eight Holstein×Zebu steers with an average initial body
weight of 377.5 ± 49.4 kg were utilized. After a 21-d period of
acclimation, the animals were randomly divided into two groups:
maintenance (n=4) and performance (n=24).

The animals from the maintenance group were fed daily at 1.1% of
body weight on a dry matter basis, while the animals from the
performance group had ad libitum access to feed throughout the day.
All steers were housed during 84-d in individual pens equipped with
concrete feeders and waterer. Water was available ad libitum. The
experiment was conducted as a completely randomized design with a
2×2 factorial arrangement of treatments with factors being 1) concen-
trate level (30% or 60% concentrate on a DM basis), and 2) with or
without supplemental dicalcium phosphate. Once different nutrient
intake levels are necessary to support linear and nonlinear regressions,
and the regressions are the main tool for determination of nutritional
requirements, maintenance group and two concentrate levels for
performance group were adopted in our experiment.

Diets were formulated according to the BR-Corte (Valadares Filho
et al., 2010) for a gain of 1.0 kg per day and were isonitrogenous (12%
CP). Fresh sugarcane was utilized as roughage source and a mixture of
urea/ammonium sulfate in the proportion of 9:1 was used to adjust the
N content of all diets. The concentrate proportion of the diet consisted
of ground corn, soybean hulls, soybean meal, salt, and mineral mix.
The proportions of the ingredients of the concentrates and diets as well
as their chemical composition are shown in Table 1.

2.2. Intake, excretion, and serum levels of the minerals

Animals were fed twice a day at 0800 and 1600 h. Feed delivery was
adjusted daily to maintain approximately 5% refusals. The appropriate
amount for each animal was based in refusal collection and weight
every morning, before feed delivery. According to amount of refusals,
TMR offered was reduced or increased to reach ad libitum intake with
5% refusals (as fed basis). Refusals and feedstuffs were sampled daily.
All feed and refusal samples were proportionally grouped each week,
dried in a forced-air drying oven at 55 °C for 72 h, ground through a
1 mm sieve using a knife mill and were packed in plastic containers for
further laboratory analyses.

For the determination of mineral excretion, fecal and urine collec-
tion was conducted during weeks 4 and 9 of the experiment. Twenty-
four hour fecal and urine output was determined for all steers over
three days. Feces were collected immediately after spontaneous
defecation, with the aid of a shovel, and stored in a bucket over a
24 h period. Daily, feces were weighed, thoroughly mixed, and sampled
daily. Feces were packed in trays and were dried in a forced-air drying
oven (55 °C) and were ground through a 1 mm sieve using a knife mill.
For each animal, a composite sample was grouped for each collection
period based on the dry weight of each day of collection for further

laboratory analyses. The difference between intake and excretion via
feces and urine was considered the apparent retained.

Two hundred mL of 50% sulfuric acid was added to the urine
collection containers. Urine collection was performed through of an
adapted funnel, made by a flexible material. In the start moment of
collection, the funnel was fixed in the animal with elastic ropes. The
funnel had a tube to drive the urine to an individual container. Urine
collected each day (over a 24 h period) was measured in a graduated
cylinder, mixed and sampled. Two hundred mL samples of urine be
mixed, sealed in plastic bottles, thoroughly, and stored frozen (−20 °C).
The urine was grouped as a composite sample based on the daily
urinary volume and was immediately frozen for further analyses.

Urine samples were analyzed for uric acid and allantoin. The
analyses of uric acid were performed in an automatic biochemical
analyzer (brand Mindray, model BS200E, Shenzhen, China), while the
analysis of allantoin were performed as described by Chen and Gomes
(1995).

The total excretion of purine derivatives (PD) was calculated by the
sum of the amounts of allantoin and uric acid excreted in the urine,
expressed in mmol/d and obtained from the product of their concen-
tration in the urine and the estimated urinary volume. The absorbed
purines (AP, mmol/d) were calculated from the PD excretion (PD,
mmol/d) by using the following equation:

AP PD BW= −0. 3×
0. 80

0.75

where 0.80 is the recovery of absorbed purines as PD and 0.30 BW0.75

is the endogenous purine excretion (Barbosa et al., 2011).
The ruminal synthesis of nitrogen compounds (SNC, gN/d) was

calculated as a function of AP (mmol/d) by using the following
equation (Barbosa et al., 2011):

SNC AP= 70×
0. 93 × 0. 137 × 1000

where 70 is the N content from purines (mgN/mmol), 0.137 is the
purine N: total N ratio in bacteria, and 0.93 is the true digestibility of
microbial purines.

Microbial protein synthesis (MPS) was obtained by multiplying the
ruminal synthesis of nitrogen by 6.25.

Table 1
Ingredient and chemical composition (% DM) of diets containing either 30% or 60%
concentrates and supplemented with and without dicalcium phosphate (DP).

Item With DP Without DP

30% Conc. 60% Conc. 30% Conc. 60% Conc.

Proportion
Sugarcane 68.60 39.80 68.50 39.80
Soybean hulls 13.67 27.67 13.67 27.67
Grounded corn 13.30 27.10 13.30 27.10
Soybean meal 1.10 2.60 1.10 2.60
Urea 2.25 1.35 2.25 1.35
Ammonium sulfate 0.15 0.15 0.15 0.15
Salt 0.20 0.40 0.20 0.40
Sodium bicarbonate 0.30 0.50 0.30 0.50
Magnesium oxide 0.10 0.30 0.10 0.30
Mineral mix 0.03 0.03 0.03 0.03
Dicalcium phosphate 0.30 0.10 – –

Sand – – 0.30 0.10
Chemical composition

Dry matter (% as fed) 46.37 63.91 46.37 63.91
Organic matter 95.59 95.41 95.59 95.41
Crude protein 11.82 11.76 11.82 11.76
Neutral detergent fiber 46.48 42.08 46.48 42.08
Indigestible NDF 18.68 11.74 18.68 11.74
Non-fiber carbohydrates 39.63 42.18 39.63 42.18
Calcium 0.46 0.40 0.38 0.37
Phosphorus 0.15 0.16 0.10 0.14
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A blood sample was collected via jugular venipuncture by using
tubes with a coagulation accelerator. The samples were immediately
centrifuged at 3600g for 20 min at room temperature. In blood serum,
the concentrations of calcium, phosphorus, and alkaline phosphatase
were quantified (Automatic biochemical analyzer – Autoanalyzer. Mark
Mindray, model BS200E).

2.3. Requirements for maintenance and retention coefficients

The difference between intake and excretion through urine and
feces for each mineral was considered as the retained mineral content
in the body of the animal. At this point, maintenance and performance
animals were considered, to reach different intake levels. The relation-
ship between retention and intake of calcium and phosphorus was
expressed through a linear equation using the following model:

RMi β β CMi= + ×0 1

where RMi=retained mineral “i” expressed as mg/kg EBW/d,
CMi=mineral intake “i” expressed as mg/kg EBW/d, β0 was considered
to be the net requirement for maintenance of the mineral “i”, in mg/kg
EBW/d, and β1 is the true retention coefficient for the mineral “i”, in
percentage.

2.4. Body composition

All animals were slaughtered after 84 d. Prior to slaughter the
animals were fasted by 16 h. Animals were slaughtered via captive bolt
stunning followed by exsanguination. Post slaughter, the gastrointest-
inal tract of each animal was emptied, washed, and weighed. The
weight of the gastrointestinal tract was summed with the weight of
heart, lungs, liver, spleen, kidneys, diaphragm, mesentery, tail, eso-
phagus, trachea, pelvic and heart fat, head, hide, limbs, blood, and
carcass for the determination of EBW.

The organs and viscera were ground in an industrial cutter for
20 min to obtain a homogeneous sample. The hide, head and limbs of
the carcass were removed. The hide was manually chopped and
sampled and the head and legs were ground in a bone grinder to
obtain a homogeneous sample. The blood was quantified and sub-
sampled. All samples were packed in aluminum trays for further
lyophilization.

After slaughter, the carcass of each animal was divided into two
half-carcasses which were weighed and then cooled in a cold chamber
at 5 °C for 18 h. After this period, the half-carcasses were removed
from the cold chamber for weighing and to perform the complete
dissection of the left half of the carcass. Bones, meat, and fat were
ground separately, sampled, and lyophilized. All samples were ground
in a Willey knife mill.

Due large number of samples, two samples per animal were
reconstituted and named as either carcass or non-carcass. The sample
of carcass consisted of the lyophilized and grounded samples of bone,

meat, and fat, which were grouped proportionally based on the
dissection weights. The sample of non-carcass components consisted
of lyophilized and grounded samples of blood, head and limbs, organs
and viscera, and hide, which were also grouped proportionally based on
the dissection weights. All samples were analyzed for dry matter, ash,
Ca and P as described by AOAC (2012).

2.5. Requirements for weight gain

The mineral contents in the body, as a function of EBW of the
animals, were estimated by using equations relating the body content
of each mineral to the performance and baseline reference animals,
according to the following exponential model (ARC, 1980):

C β EBW= ×i
β

0
1

where Ci=constituent “i” of the animal's body as either Ca or P,
EBW=empty body weight, and ‘β0’=regression parameter and
β1=proportion of deposition of constituent “i” in EBW.

From the regression parameters presented above, the net require-
ments for each mineral per kilogram of empty body weight gain were
obtained by the derivative of the equation above, according to the
model below (ARC, 1980):

Y β β EBW= × × β
0 1

−11

where Y=the net requirement for each mineral for weight gain (g/kg of
EBG), EBW=empty body weight (kg), and ‘β0’ and ‘β1’ are the
regression parameters. The net requirements for each mineral corre-
spond to the sum of the requirements for maintenance and weight gain.

2.6. Statistical analysis

Since linear and nonlinear regressions are the main tool for
determination of nutritional requirements, different intake levels are
necessary. Like this, maintenance group was not considered in
statistical analysis regarding intake, apparent retention, bone and
serum concentrations of Ca and P. Regarding the requirements, true
retention and absorption estimates, factorial design was not used as a
way to analyze data for comparatives differences among dietary levels,
but to collect source data to generate the equations.

Animals were completely randomized divided among treatments.
Data were submitted to variance analysis. When a statistical difference
was verified among treatments, the Tukey test was utilized for the
comparison of the means. The linear models were built in PROC REG
of SAS (SAS Institute Inc., Cary, NC), while for the non-linear models
the PROC NLIN of SAS was used. For all tests, P < 0.05 was utilized as
the critical level of probability to verify the significance of the
parameters of the models.

Table 2
Dry matter and organic matter intake, performance and efficiency of Holstein×Zebu steers fed diets containing either 30% or 60% concentrates and supplemented with and without
dicalcium phosphate.

Parameter With DPa Without DP P- value

30% Conc. 60% Conc. 30% Conc. 60% Conc. C DP C×DP

Dry matter intake, kg/d 7.76 10.27 7.31 10.17 0.001 0.684 0.795
Organic matter intake, kg/d 7.40 9.76 6.98 9.67 0.001 0.687 0.796
Digestible organic matter, % 64.53 69.30 63.92 71.57 0.044 0.434 0.434
Microbial efficiency, g/kg dOM 119.15 111.38 118.27 114.16 0.738 0.726 0.795
Average daily gain, kg 0.60 1.13 0.52 1.03 0.001 0.400 0.963
Productive efficiency, kg/kg 0.0748 0.1095 0.0711 0.1002 0.001 0.104 0.429

a DP=dicalcium phosphate.
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3. Results and discussion

3.1. Dry matter intake, performance and efficiency

The lack of supplementation of dicalcium phosphate did not affect
DM and OM intake, or OM digestibility (Table 2). These data are
similar to data reported by Goetsch and Owens (1985) for dairy steers.
They observed no differences in the digestibility when they increase Ca
in the diet. Prados et al. (2015) did not observed differences in nutrient
digestibility when animals were fed diets containing or not containing
supplemental Ca and P.

Due to the close relationship between ruminal fauna and the
animal, microbial requirements of P are not negligible (Bravo et al.,
2000). Microbial protein efficiency from digestible OM were similar
across treatments (Table 2). Furthermore, overall animal performance
and the efficiency of gain were similar across treatments.

Increasing the concentrate in the diet improved DM and OM intake
and DM digestibility. This may be related to the greater NFC and NDF
levels in this diet (Table 1). There is a direct relationship between DM
digestibility and the digestibility of other nutrients. Large amounts of
soybean hulls in diets with a greater proportion of concentrate provide
a high NDF digestibility (Bach et al., 1999).

In a production setting, the absence of dietary dicalcium phosphate
implies a reduction of 19.52 g of dicalcium phosphate per day for each
animal. Considering an average feedlot period of 100 days, 1.95 kg of
dicalcium phosphate per animal can be saved, which represents a
financial and natural resource savings for finishing beef cattle.

3.2. Intake and excretion of Ca and P

Phosphorus intake in diets supplemented with dicalcium phosphate
was 14.82 g/d (92% of the requirements predicted by BR-Corte,
Valadares Filho et al., 2010) compared to 11.21 g/ for non-supple-
mented diets (69.60%) (Table 3). In relation to the ARC (1980), these
intakes were 84.2% and 65.5% for the supplemented and non-
supplemented diets, respectively; while these values were 73.7% and
55.7% of AFRC (1991) recommendations. Phosphorus intake for BR-
Corte, ARC and AFRC were calculated based on the average body
weight and weight gain that were observed in this study. The inclusion
of dicalcium phosphate resulted in higher P intakes.

In contrast, supplementary dicalcium phosphate did not increase

Ca intake compared to non-supplemented animals (Table 3). This may
be related with ingredients used in the diets. Among the feedstuffs
utilized, fresh sugarcane and soybean hulls are high in Ca when
compared to other feedstuffs that were used in a lower proportion in
the diets, such as grounded corn. Thus, the amount of dicalcium
phosphate that is needed to balance the diet was low, and did not meet
the amount needed to generate differences in intake of this mineral.

Diets containing a greater inclusion of concentrate provided greater
Ca and P intake (Table 3). Concentrate feedstuffs have different
mineral profile (Valadares Filho et al., 2015) than forages. Therefore,
the supply of minerals in finishing diets with high concentrate inclusion
has been regarded as unnecessary (Costa e Silva et al., 2015b; Prados
et al., 2015). Two aspects can be considered to confirm this explana-
tion. First, Erickson et al. (1999) reported that P present in the
concentrate feedstuffs indicate no need of P supplementation because
P from feedstuffs is adequate in supplying P to the animal (Erickson
et al., 1999); and second, Block et al. (2004) show that P requirements
for beef cattle are overestimated by the NRC (2000).

In general, the relationship between mineral intake and fecal
excretion is positive (Geisert et al., 2010; Feng et al., 2015).
Phosphorus excretion via feces was increased by increasing the
concentrate level. Absence of dicalcium phosphate resulted in tenden-
tially lower fecal P. For Ca excretion via feces, differences were not
observed, both for dicalcium phosphate supply as for concentrate level
(Table 3). These finding is similar to finding reported in the literature.

Urine excretion of Ca and P have been recently described as
significant (Costa e Silva et al., 2015a). Until the publication by Costa
e Silva et al. (2015a), urinary excretion of these minerals were
considered negligible. Different behavior was observed to Ca and P
fecal and urinary excretion. While fecal excretion is a direct response of
intake, urinary excretion may be more controlled by hormones and
metabolite concentrations (Horst et al., 1994; Goff, 2014) and not only
by absorption mechanisms (Field, 1983). In this case, the treatments
with greater P intake had similar P excretion via urine. However, those
with similar Ca intake had different urinary Ca excretion across
treatments. Concentrate level and absence of dicalcium phosphate
affected Ca excretion via the urine. Lower Ca excretion was related to
diets with greater P intake. This confirm the close relationship between
these two minerals and the ideal relationship between Ca and P
(Cohen, 1973; Challa and Braithwaite, 1988).

Table 3
Intake, excretion, apparent retention, bone and serum concentrations of calcium and phosphorus of Holstein×Zebu steers fed diets containing either 30% or 60% concentrates and
supplemented with and without dicalcium phosphate.

Parameter With DPa Without DP P- value

30% Conc. 60% Conc. 30% Conc. 60% Conc. C DP C×DP

Ash, % bone DM 51.01 52.12 50.06 50.63 0.849 0.002 0.081
Total alcaline phosphatase, U/L 210.00 240.17 277.33 287.50 0.629 0.184 0.810
Phosphorus

Intake, g/d 12.49 17.15 7.44 14.98 < 0.001 < 0.001 0.107
Feces, g/d 7.87 9.89 6.86 8.23 0.026 0.070 0.636
Urine, g/d 0.28 0.19 0.16 0.17 0.889 0.301 0.380
Apparent retained, g/d 4.34 7.07 0.42 6.58 < 0.001 0.010 0.352
Serum, mg/dL 6.47 6.55 4.18 5.72 0.040 < 0.001 0.059
Bone, % 9.57 8.47 8.60 8.52 0.268 0.418 0.334
% ash bone 18.76 16.25 17.18 16.83 0.256 0.992 0.548

Calcium
Intake, g/d 37.31 44.08 29.58 41.27 0.003 0.059 0.350
Feces, g/d 17.58 20.11 15.79 19.09 0.066 0.350 0.796
Urine, g/d 1.78 0.51 4.30 0.95 0.001 0.011 0.059
Apparent retained, g/d 17.95 23.46 9.49 21.23 0.001 0.017 0.134
Serum, mg/dL 8.75 8.48 9.12 8.97 0.552 0.235 0.867
Bone, % 18.66 17.68 20.04 19.01 0.473 0.280 0.681
% ash bone 36.58 33.92 40.03 37.55 0.472 0.061 0.397

a DP=dicalcium phosphate.
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3.3. Ca and P body concentrations

Retention of Ca and P was improved by dicalcium phosphate
addition in combination with the higher level of concentrate inclusion
(Table 3). The main location of Ca and P reserves in animal tissues are
bones; thus, the percentage of ash in bones was improved in treatments
with dicalcium phosphate supplied. Treatments fed with non-supple-
mented diets had a reduction of 1.23% (50.34 vs 51.57%) of ash
content in bone comparing with animals receiving dicalcium phos-
phate. A similar result has been reported by Prados et al. (2015) where
animals fed with reduced dietary Ca and P content had a reduction of
3.05% in the ash content of the rib bones. This reduction of ash content
in bones when Ca and P are not supplemented to feedlot diets should
lead to a reduction in Ca and P concentration in bones. However, this
was not observed. Calcium and P content across treatments were
similar when expressed as defatted bone mass, or when expressed in
relation to ash bone. Among factors that can affect bone development,
nutrition can affect chemical and physical bone properties (Loveridge,
1999). Williams et al. (1991) reported increases in metacarpal strength
in Angus heifers fed with adequate dietary P (0.20% of DM) when
compared to heifers fed with low dietary P (0.12% of DM). It could be
related to bone resorption; however, other parameters or markers were
not measured in our study to support it.

Serum Ca concentrations were not affected by treatments. Serum
concentrations of P were reduced in animals receiving the lower level of
concentrate with the absence of dicalcium phosphate. However, all
animals had serum P concentrations within adequate ranges for beef
cattle (4.0–4.5 mg/dl; AFRC, 1991; Underwood and Suttle, 1999;
Mcdowell and Arthington, 2005). If this reduction in P serum
concentration affected bone formation, indicators of osteoblast activity
would be reduced (Kerr, 2002). However, when serum alkaline
phosphatase was measured, values were similar across treatments,
indicating that P homeostasis did not affect bone deposition.

3.4. Requirements for maintenance

Maintenance requirements were obtained through of investigating
the relationship between the daily retention and intake of Ca and P,
expressed in mg/kg EBW/d (Fig. 1). The intercepts represent the
requirements for maintenance for each mineral. Thus, the net require-
ments for maintenance that were calculated in this experiment were
28.18 mg/kg EBW/d for Ca and 10.31 mg/kg EBW/d for P.

Experiments that calculate mineral endogenous losses with
Holstein×Zebu are limited (Silva et al., 2002). In comparison to the
NRC (15.4 mg/kg BW/d), the Ca requirement for maintenance in the
current experiment was greater (28.18 mg/kg EBW/d). The ARC
reports a value of 16 mg/kg BW/d, which was lower than those found
in this study. The value that was observed in this study is similar to
those found by BR-Corte (Valadares Filho et al., 2010) of 26.5 mg/kg
EBW/d for Nellore heifers and by Chizzotti et al. (2009) for
Holstein×Zebu animals (26.1 mg/kg EBW/d); both studies were con-
ducted in tropical conditions.

The maintenance requirement for P in the current experiment
(10.31 mg/kg EBW/d) was lower than those described in the literature:
16 mg/kg BW (NRC, 2000), 12 mg/kg BW (ARC, 1980) and 17.6 mg/
kg BW (BR-Corte, Valadares Filho et al., 2010). However, in this study,
some of the animals were fed lower levels of P in relation to those
predicted by the findings of previously discussed experiments.
However, performance was similar across treatment in the current
experiment which suggests that the P requirements published by others
may overestimate P requirements for maintenance of Holstein×Zebu
cattle. Prados et al. (2015) fed different levels of Ca and P to
Holstein×Zebu bulls, concluded that the BR-Corte recommendations
for phosphorus can be reduced by up to 14%.

3.5. Absorption and retentions coefficients

Similarly, there is a large variation in the reported data for mineral
requirements for maintenance, as wide oscillations are found in values
described in the literature for the absorption coefficients of each
mineral. The values that were observed in this experiment are
described in Fig. 2; the values for true absorption coefficients are
83.34% for Ca and 77.21% for P. In the literature, these coefficients
vary from 30% (NRC, 2000) to 91% (Marcondes, unpublished data,
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Fig. 1. Relationship between the intake and retention of calcium (Ca) and phosphorus
(P).
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cited in BR-Corte, Valadares Filho et al., 2010) for Ca, and from 56%
(BR-Corte, Valadares Filho et al., 2010) to 80% (NRC, 2000; NRC,
2001) for P. For all cases, the values are within the interval of the
reviewed literature.

Costa e Silva et al. (2015a), in study of mineral requirements for
Nellore cattle, suggested adoption of retention coefficient instead of
absorption coefficient, due to urinary excretion of minerals. In relation
to the amount absorbed, urinary Ca and P excretion represent 9.46%
and 4.16%, respectively. Therefore, we recommend adoption of reten-
tion coefficient. This coefficient was calculated in relationship to
maintenance requirements, between the daily retention and intake of
Ca and P, expressed in mg/kg EBW/d. These values were 72.84% and
68.30% for Ca and P, respectively.

3.6. Mineral requirements for weight gain

The requirements of each mineral per unit of weight gain are
estimated from the first derivative of the relationship proposed
between the mineral content in the empty body and the empty body
weight (Table 4). The exponent observed in the equations for predic-
tion of Ca and P body contents were 0.6977 and 0.6541, respectively.
These coefficients infer that body contents of Ca and P are improved in
lower proportion than body weight gain, once there are smaller than
1.0. These exponents are similar to reported in the literature of 0.60
and 0.71 to Ca and P, respectively (Valadares Filho et al., 2010).

The requirements for weight gain of calcium and phosphorus can be
calculated respectively by the following equations:
Ca=EBG×(51.77×EBW−0.3023) and P=EBG×(30.87×EBW−0.3459)
(Table 4). Some authors suggest that the requirements of Ca and P
for weight gain must be calculated according to the model described in
Table 4 up to a determined body weight while there is bone growth, due
to the 99% calcium and 80% phosphorus that are deposited in bone.
From the bone tissue stabilization, we suggest that the increase in Ca
and P in the EBW should be constant (AFRC, 1991; Chizzotti et al.,
2009). However, Chizzotti et al. (2009) suggested that this stabilization
occurs in steers after 420 kg of empty body weight.

3.7. Total requirements of Ca and P for Holstein×Zebu

In Table 5, the net and dietary requirements of Ca and P for cattle
are shown based on the values and equations that were generated in
this experiment in comparison to the values that were calculated
through nutrient requirement systems (ARC, 1980; NRC, 2001; BR-
Corte, Valadares Filho et al., 2010; NRC, 2016). Thus, the values that
were observed for the dietary requirements of P are lower than those
predicted by the three systems for two body weights and weight gain
rates. As previously discussed, the literature shows that the estimated
requirements for P from the referred councils are overestimated for
Holstein×Zebu beef cattle (Erickson et al., 1999; Block et al., 2004;
Prados et al., 2015). Coelho da Silva (1995) reported substantial
variation in determination of mineral requirements. CSIRO (2007)
attribute it to many factors such as: the difficulty in measuring
microelements concentration in feeds and animal tissues; and the
metabolic status of animal as determined age, breed, nutritional status,
and physiologic status.

4. Conclusions

The lack of supplementation of dicalcium phosphate in diets of
finishing cattle reduces serum levels of phosphorus, lower phosphorus
excretion in the environment, and lower retention of calcium and
phosphorus in the carcass without compromising intake, performance,
and efficiency. The net requirements for maintenance of crossbreed
cattle are 28.18 mg/kg EBW/d for calcium and 10.31 mg/kg EBW/d
for phosphorus. The requirements for weight gain of calcium and
phosphorus can be calculated respectively by the following equations:
Ca=EBG×(51.77×EBW−0.3023) and P=EBG ×(30.87×EBW−0.3459).
Retention coefficients are 72.84% and 68.30% for Ca and P, respec-
tively. Dietary requirements of calcium and phosphorus for
Holstein×Zebu cattle were lower than those described by the nutri-
tional requirement systems from Brazil, the USA, and the UK.
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Table 4
Equation to predict body content of calcium and phosphorus of Holstein×Zebu steers, in
kg, and daily net requirements, in grams.

Mineral Equationa

Calcium CaEBW=0.0742×EBW0.6977

NRWGCa=EBG×(51.77×EBW
−0.3023)

Phosphorus PEBW=0.0472×EBW0.6541

NRWGP=EBG×(30.87×EBW
−0.3459)

a CaEBW=Body content of calcium. NRWGCa=Net calcium requirement for weight gain.
EBW=Empty body weight. EBG=Empty body gain. PEBW=Body content of phosphorus.
NRWGP=Net phosphorus requirements for weight gain.

Table 5
Net and dietary requirements of calcium and phosphorus for Holstein×Zebu steers and the requirements predicted by the BR CORTE, NRC Beef and Dairy Cattle, and ARC, in gramsa.

BW ADG NRmaint NRgain RC Total BR CORTE NRC beef cattle NRC dairy cattle ARC

Calcium
300 0.6 7.3 7.0 0.7284 19.6 20.2 21.0 18.9 22

1.1 7.3 12.8 27.6 30 32.0 28.3 34.4
400 0.6 9.7 6.4 22.1 21.7 22.0 20.8 24.3

1.1 9.7 11.8 29.5 30.5 31.0 29.6 36.8
Phosphorus
300 0.6 2.7 3.3 0.6830 8.7 12.8 12.0 13.1 15.3

1.1 2.7 6.0 12.7 17.1 16.0 17.2 23.7
400 0.6 3.6 3.0 9.5 14.9 14.0 15.6 17.1

1.1 3.6 5.4 13.2 18.9 18.0 19.5 25.5

a BW=body weight. ADG=average daily gain. NRmain=net requirement for maintenance. NRgain=net requirements for gain. RC=retention coefficient.
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