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ABSTRACT - The objective of this study was to determine requirements of calcium (Ca), phosphorus (P), magnesium
(Mg), potassium (K) and sodium (Na) for grazing zebu bovines. The experiment area was composed of Brachiaria decumbens
paddocks. Twenty-seven non-castrated animals, with initial live weight of 311.0 kg and at an average age of 14 months were
used. Three animals were slaughtered, after adaptation period, so they were used as control for estimates of empty body weight
and initial body composition of animals in the experiment. Out of the 24 remaining animals, four were sent to the maintenance
group with restrict grazing time to limit energy intake close to the maintenance level. The other 20 animals were distributed
in four treatments: mineral mixture, self-control intake and three-times-a-week-offer frequency (offered on Mondays,
Wednesdays and Fridays) and daily. Concentrations of all studied macro elements in empty body and empty body gain decreased
as live weight increased. The ratios obtained for g Ca/100 g of retained protein and g P/100 g of retained protein were 9.18
and 4.72, respectively. Total dietary requirement of calcium was lower than the one recommended by NRC (2000), but P
requirement was very close to that.
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Introduction

In Brazil, beef cattle feeding is strongly supported by
tropical forage, especially under pasture, which must supply
essential nutrients (energy, protein, mineral and vitamins)
for animal production.

As for mineral supply, it is known that tropical grasses
usually present low contents and do not meet the
requirements of grazing cattle. Mineral deficiency is common
in grazing bovine in Brazil (Tokarnia et al., 2000), and
phosphorus (P) deficiency is the most critical one (Moraes,
2001). Thus, mineral supply has been utilized both by
mineral supplementation or inclusion in energy-protein
supplements.

However, for proper mineral mixture formulation, one
needs to know the nutritional requirement of the
supplemented category. It is observed that one obstacle to
meet functional requirement of the animal is the knowledge
of amount required per each mineral. Therefore, requirement
values recommended by ARC (1980), AFRC (1991) and NRC
(2000) were used. Nevertheless, it is completely permissible
to infer that because of the differences in breeds, production
levels, feeds and weather conditions, most of the time, the

requirements recommended by those committees are not
applicable for Brazilian rearing conditions, especially for
grazing cattle.

On the other hand, most information on Brazilian
requirements is from experiments with animals reared in
confinement. Although pastures are the basis of Brazilian
cattle raising, the number of studies involving macro mineral
requirements by grazing beef cattle is very limited.

Therefore, the objective of this research is to estimate
net and dietary requirements of calcium, phosphorus,
magnesium, potassium and sodium for zebu bovine reared
in the supplement-pasture system in the rainy and rainy-dry
transition periods.

Material and Methods

The experiment was carried out in Setor de Bovinocultura
de Corte at Universidade Federal de Viçosa from March to
June, 2007. Twenty-seven non-castrated beef bovine at 14
months of age and 311.0 kg were used.

At the beginning of the experiment, three animals which
served as reference in body composition study were
slaughtered. The 24 remaining animals were distributed
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among the following treatments: maintenance (MT), mineral
mixture (MM), self-control (SF) and three-times-a-week-
frequency (Mondays, Wednesdays and Fridays – 3×) and
every day (7×) (Table 1).

On the days when animals were supplemented,
animals from the 3× treatment were fed 1.283 kg and
animals from the 7× treatment were fed 0.550 kg, and after
seven days, each animal was fed the same supplement
amount (3.850 kg/animal/week). The complete random
experimental design was used.

Four animals were sent to the MT treatment, subjected
to a restrict pasture with the objective to meet maintenance
requirements. They were released at 6:00 a.m. and locked in
a shed at 10:00 a.m., totaling four hours of grazing to keep
feed intake at a level slightly above maintenance requirement
(Fontes et al., 2005). Experimental period lasted 84 days;
animals were weighed at the beginning of the experiment
and then every 28 days.

The experimental area was composed of five 2.0-ha
paddocks, formed with Brachiaria decumbens Stapf.
provided with drinkers and open troughs. With the objective
to minimize possible influence of variation on DM availability
in the pasture, animals remained in each paddock for seven
days and after this period a rotation was started between
paddocks (the same treatment applied to the animals was
maintained).

Sampling of forage consumed by the animals was carried
out through manual grazing simulation. Digestibility trial

was carried out at the beginning of the second weighing
of the animals after 46 experimental days. Fecal excretion
was estimated by using chromic oxide and calculated
based on the ratio between the marker quantity and its
concentration in the feces (Burns et al., 1994). The marker
was applied in a single daily dose (15 g/animal), packed in
paper cartridges and directly placed in the esophagus of
the animals by using an applicator for nine consecutive
days. After six days of application, feces of the animals
were collected on the seventh (8:00 a.m.), eighth (12:00 p.m.)
and ninth (4 p.m.) days.

Estimates of individual voluntary intake were obtained
by using indigestible acid detergent fiber (ADFi) as a
marker and the following equation: DMI = {[(FE x MCF) –
MS]¸ MCFO} + SDMI, in which DMI = dry matter intake,
FE = fecal excretion (kg/day); MCF = marker concentration
in the feces (kg/kg); MS = marker present in the supplement
(kg/day); MCFO = marker concentration in the forage
(kg/kg) and SDMI = supplement dry mater intake (kg/day).

Pasture and fecal samples were pre-dried in a forced
ventilation oven at approximately 60 ºC for 72 hours and
ground in a knife mill with 1.0 mm mesh sieve. Chemical
composition (Table 2) of the supplements and pasture were
determined according to techniques described by Silva &
Queiroz (2002), except for NDF and ADF determinations,
which followed the methods of Van Soest & Robertson
(1985) and Mertens (2002), respectively.

Animal slaughter was performed by brain concussion,
followed by jugular vein section, after a 16-hour fasting.
Slaughter was done in a staggered manner with the
animals from treatments 3X, 7X, self-control and mineral
mixture  slaughtered after 98, 103, 105 and 110 days of
supplementation, respectively. At each slaughter, one
animal from the maintenance group was randomly chosen
to be slaughtered together with the other animals.

During slaughter, samples of blood, diaphragm, liver,
heart, kidneys, spleen, lung, tongue, rumen-reticle, omasum,
abomasum, small intestine, large intestine, mesentery,

Item (% DM) Supplement Pasture

Mineral mixture Self-control Frequency

Dry matter 98.75 89.57 89.97 24.73
Organic matter - 74.10 83.78 89.95
Crude protein - 39.84 33.66 8.91
Ether extract - 2 .42 1.79 1.21
Total carbohydrates - 31.84 48.33 79.83
Neutral detergent fiber - 34.62 23.50 75.12
Non-fibrous carbohydrates - 13.32 22.81 4.71
Acid detergent fiber - 11.50 11.24 44.15
Lignin - 2.69 1.62 4.48

Table 2 - Supplement and pasture chemical composition

Ingredient Suplemment

Mineral Self- Frequency
mixture control

Mineral mixture 1 0 0 10 10
Urea:ammonium sulfate (9:1) — 10 —
Soybean meal — — 50
Corn gluten meal (21% CP) — — 40
Wheat meal — 80 —
CP - crude protein.

Table 1 - Supplement percentage composition, based on natural
matter
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internal fat, esophagus, trachea and reproductive system,
leather, tail, head and members were collected and weighed.
Guts and organs were washed and their weights were added
to the weights of the other parts of the body (carcass,
leather, head, members and blood), obtaining the empty
body weight (EBW) of each animal.

Blood samples were collected immediately after jugular
vein section of the animals, placed in glass containers and
left in a forced ventilation oven at 60 oC for 72 hours.

Carcass of the animals was divided into two halves,
which were weighed, and then cooled in cold chamber at
–5 ºC, for around 20 hours. After that, the half carcass was
taken from the cold chamber and completely dissected,
then muscle, adipose and bone tissue were separated and
weighed.

After grinding of organs, guts, fat and muscles and
section of bones (carcass, head and members), tail and
leather, samples were placed in glass (500 mL), taken to the
oven at 105 oC for 72 to 96 hours for determination of fat dry
matter (FDM). Next, each sample was washed in petroleum
ether, from which pre-defatted dry matter (PDDM) was
obtained. Samples were ground in a ball mill for further
determination of total nitrogen (TN) and EE, according to
Silva & Queiroz (2002). Fat removed in the pre-defattening
was calculated by the difference between FDM and PDDM,
whose result was added to the one obtained for residual EE
in PDDM, for determination of total fat content. From the
knowledge of protein content and EE in PDDM and sample
weight submitted to pre-defattening, respective contents
in natural matter were determined. The relationship obtained
between EBW and BW of the control animals was used for
estimation of initial EBW of the animals which remained in
feeding. In each treatment, two animals were randomly
chosen to represent it, and from each animal, samples of
head and fore and hind limbs were taken for physical
separation of muscles, fat, bones and leather.

Body contents of mineral macro elements in the EBW
were determined as function of percentage concentration
of them in the organs, guts, leather, blood, tail, limbs and
carcass separated constituents (fat, muscles and bones).

Contents of mineral macro elements (Ca, P, Mg, K and
Na) in the body of supplemented, non-supplemented animals
and for all treatments in group, were estimated by using
logarithm regression equation of body content of Ca, P, Mg,
K and Na in function of EBW logarithm, according to ARC
(1980). Equations were built by adding the values related to
control animal, for supplemented and non-supplemented
animals.

By deriving prediction equation of the mineral body
content in function of EBW logarithm, net requirements of
Ca, P, Mg, K and Na, per kg of gain of EBW were obtained
and the fat content was obtained by kg of EBWG, from the
following equation: Y´= b.10a.Xb–1 in which, Y´ = net
requirements of Ca, P, Mg, K and Na; a and b = intercept and
regression coefficient, respectively of equation of net
requirements of Ca, P, Mg, K and Na; X = EBW (kg).

To estimate maintenance requirements of each mineral
macro element, and add them to gain requirements, so to
obtain total dietary requirements, recommendations of ARC
(1980) and NRC (2000) were fitted for endogenous losses of
Ca, P, Mg, K and Na and bioavailability of those elements in
the feeds, according to ARC (1980) and NRC (2000) (Table 3).

For conversion of BW into EBW within the weight
range included in this study, the correlation between EBW
and BW of the supplemented animals was calculated. For
conversion of EBW gain requirements into requirements for
BW gain, the factor obtained from experimental data was
used.

The results were statistically interpreted through
analysis of variance. Comparisons between regression
equations of evaluated parameters for each treatment were
carried out according to methodology recommended by
Regazzi (1996) to test identity of the models.

Results and Discussion

The relationship obtained to estimate EBW from BW of
the animals in this study was: EBW = BW*0.8877. Such
value is found close to the one recommended by NRC (2000)
of 0.8910 and the values of 0.8975 observed by Silva et al.

Element Endogenous loss Bioavailability (%)

Calcium 15.4 mg/kg BW1 50.01

Phosphorus 16.0 mg/kg BW1 68.01

Magnesium 3.0 mg/kg BW1 17.02

Potassium Fecal – 2.6 g/kg consumed DM2,3

Urinary – 37.5 mg/kg BW 2Salivary – 0.7 g/100 kg BW
2Through the skin – 1.1 g/day2 100.02

Sodium 6.8 mg/kg BW1 91.02

1 NRC (2000); 2 ARC (1980);3 DM intake observed in this study (2.20% BW).

Table 3 - Daily total endogen losses and bioavailability of Ca, P, Mg, Na and K in the feeds
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(2002a), obtained from confined Nellore animals. On the
other hand, Fregadolli (2005) observed the relationship
between EBW and BW of 0.8575 and 0.8746, respectively,
for grazing Nellore calves.

Factor 0.9013 was used, obtained from the experimental
data, for conversion of requirement for EBW gain (EBWG)
in requirements for live weight gain (LWG), i.e., the
requirements supplied in function of empty body weight
gain have to be multiplied by 0.9013 to find the requirements
in function of live weight gain. Paulino et al. (2004) found
the relationship between EBWG and LBW of 0.900, close to
the one presented in this study. NRC (2000) used the
relationship 0.956 between EBWG and LBW.

Only one equation (joint equation) was used to estimate
macro mineral body content inasmuch as the identity test
among the models (Table 4), applied to regression equations
of the logarithm of macro mineral body contents in function
of EBW logarithm, showed no differences among treatments.

As body weight (BW) of the animals increased, it was
observed that body content of Ca, P, Mg, K and Na, per kg
of EBW reduced (Table 5). Similarly, net requirement of each
mineral decreased as BW of the animals increased.

At birth, the skeleton represents approximately 23.0%
of EBW and as the animal reaches maturity, these values
drop to only 1.0% (Robelin, 1986). On the other hand, as BW
increases, fat deposition is sharpened.

Thus, the behavior observed in the present study may
be explained by the fact that bone tissue presents the
greatest mineral contents and adipose tissue does not
present significant amount of the minerals (Silva, 1995).

Net requirements of Ca (13.02 g/kg EBW) estimated for
a 400-kg BW animal, were higher than the ones observed by
Silva et al. (2002b) and given by BR-CORTE (Valadares
Filho et al., 2010) for Zebu animals in Brazil. In addition, the
value in the present study was smaller than the one
recommended by AFRC (1991) for a 400-kg LW animal
(11.90 g/kg EBW).

Regarding P, net requirements were within the range
from 7.91 g/kg EBW (250-kg LW) and 6.70 g/kg-EBW
(400-kg LW). AFRC (1991) and NRC (2000) recommended,
for animals with 400 kg of LW and gain of 1.0 kg/day and
adult weight of 450 kg, P net requirements of 5.96 and 8.00 g,
respectively, which were close to the ones found in this
study. In Brazilian conditions, P net requirements estimated
by Silva et al. (2002b, c) and by BR-CORTE (Valadares Filho
et al., 2010) were close to the ones estimated in this study.

When net requirements of Ca and P estimated in the
present study are used, as well as the protein net requirement
obtained by Moraes et al. (2010), for a 400-kg LW animal,
we have the relationships 9.18 g Ca/100 g CPretained and

Item Parameter r2

Intercept (a) Coefficient (b)

Ca
Non-supplemented -1.2352 0.7975 0.95
Supplemented -1.1236 0.7450 0.86
Joint -1.1359 0.7519 0.86

P
Non-suplemented -1.0440 0.6204 0.93
Supplemented -1.1255 0.6008 0.88
Joint -1.0955 0.6473 0.86

Mg
Non-suplemented -3.9615 1.1660 0.94
Supplemented -3.6710 1.0390 0.85
Joint -3.6844 1.0482 0.83

K
Non-suplemented -2.7148 0.9426 0.97
Supplemented -2.8207 0.9910 0.98
Joint -2.7965 0.9795 0.97

Na
Non-suplemented -2.5173 0.8595 0.99
Supplemented -2.6569 0.9225 0.97
Joint -2.6335 0.9112 0.97
r² - coefficient of determination.

Table 4 - Parameters of regression equations of logarithm content
(kg) of Ca, P, Mg, K and Na in the empty body, in
function of EBW (kg) of grazing Zebu cattle

Body weight (kg) Content Net requirement

Ca
2 5 0 19.14 14.63
3 0 0 18.30 13.98
3 5 0 17.61 13.46
4 0 0 17.04 13.02

P
2 5 0 11.94 7.91
3 0 0 11.20 7.42
3 5 0 10.60 7.02
4 0 0 10.12 6.70

Mg
2 5 0 0.27 0.28
3 0 0 0.27 0.28
3 5 0 0.27 0.28
4 0 0 0.27 0.29

P
2 5 0 1.43 1.40
3 0 0 1.42 1.40
3 5 0 1.42 1.39
4 0 0 1.42 1.39

Na
2 5 0 1.48 1.44
3 0 0 1.48 1.44
3 5 0 1.47 1.43
4 0 0 1.46 1.42

EBW = BW*0.8877.

Table 5 - Content estimate (g/kg EBW) and net requirement
(g/kg EBWG) of Ca, P, Mg, K and Na in EBW of
grazing Zebu cattle, in function of body weight
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4.72 g P/100 g CP retained, which are higher than those
obtained by NRC (2000), 7.10 g Ca/100 g CPretained and
3.90 g P/100 g CPretained. Silva et al. (2002b) obtained
6.44 g Ca/100 g CPretained and 4.78 g Pa/100 g CP retained. For
the same 400 kg and by using net requirements of protein,
and Ca and P obtained by BR-CORTE (Valadares Filho et al.,
2010) for Zebu animals in Brazilian conditions, we obtain the
relationships 9.25 g Ca/100 g CPretained and 4.89 g P/100 g
CPretained, which are close to the ones in this study.

In this research, net requirements of Mg for a 400-kg
BW animal were close to the ones estimated by Silva et al.
(2002c) and by BR-CORTE (Valadares Filho et al., 2010). On
the other hand, net requirement of Mg were much lower than
the constant value of 0.45 g/kg recommended by ARC (1980).

For grazing bovines, according to BR-CORTE (Valadares
Filho et al., 2010),a 400-kg BW animal with 1.0 kg/day gain
presents K net requirements of 2.54, which is lower than the
ones estimated in this research.

Dietary requirement of Ca for 1.0 kg of gain of a 400-kg
BW animal, found in this study (Table 6), were close to the
value 21.49 g/kg BWG estimated by Silva et al. (2002b).

The total dietary requirements increased with increasing
animal BW, by participating the maintenance requirements,
which depend on the weight of the animals (Table 7). It was
observed that total dietary requirement of the studied mineral

Body weight (kg) Dietary requirement for gain (g/kg GPV)

Ca P Mg K Na

2 5 0 25.95 10.24 0.89 1.26 1.30
3 0 0 24.80 9.61 0.88 1.26 1.28
3 5 0 23.87 9.10 0.87 1.25 1.26
4 0 0 23.09 8.68 0.87 1.25 1.25

EBW = LW*0.8877.

Table 6 - Dietary requirements for weight gain of Ca, P, Mg, K
and Na of grazing Zebu bovines

macro elements were close to the values recommended by
BR-Corte (Valadares Filho et al., 2010) for grazing Nellore.

Contrary, Miranda et al. (2006) estimated total dietary
requirements of Nellore animals selected for weight at
yearling greater than the ones in the present study. However,
according to the authors, the high values of total dietary
requirements found were obtained with animals finished in
confinement, so, extrapolation of those values for ration
formulation for pasture finished animals should be seen
carefully.

According to AFRC (1991), total dietary requirements
of Ca and P for a 400-kg BW animal with a 1.0-kg daily gain
would be 28.0 and 25.0 g/day, respectively. It is observed
that for Ca, dietary requirements found in this study were
the greatest and for P, they were lower than the ones
recommended by this board. For the same animal at matter,
NRC (2000) estimates dietary requirement of 31.0 and
18.0 g/day for Ca and P, respectively. The value estimated
in this study for Ca was lower than the one from NRC (2000),
but the value obtained for P was close to it.

According to ARC (1980), for a 400-kg BW bovine with
a 1.0-kg/day of gain, the total dietary requirements of Mg,
K and Na would be 9.50; 43.38 and 4.64 g/day, respectively.
Except for Mg requirement, which was lower, the total
dietary requirements of K and Na were very close to the
ones recommended by ARC (1980). According to Miranda
et al. (2006), those differences are mainly because of the
estimates of net requirements for weight gain.

For a 400-kg BW animal gaining 1 kg of LW/day and
consuming 2.4% of LW of DM would have total dietary
requirements of 0.32; 0.19; 0.10; 0.60 and 0.07% in total
dietary DM percentage of Ca, P, Mg, K and Na, respectively
(NRC, 2000). It was observed that the values found here
were higher for Ca, practically equal for P, Mg and Na and
lower for K in comparison with the ones recommended by
NRC (2000).

Total dietary requirement

BW (kg) Ca P Mg K Na

g/day % DM g/day % DM g/day % DM g/ day % DM g/day % DM

2 5 0 33.65 0.61 16.13 0.29 5.30 0.10 27.79 0.51 3.17 0.06
3 0 0 34.04 0.52 16.66 0.25 6.17 0.09 32.87 0.50 3.52 0.05
3 5 0 34.65 0.45 17.33 0.23 7.05 0.09 37.95 0.49 3.88 0.05
4 0 0 35.41 0.40 18.09 0.21 7.92 0.09 43.03 0.49 4.23 0.05
EBW = BW*0.8877; BW = Body weight.
1 Average DM intake in this study.

Table 7 - Total dietary requirements (maintenance + 1 kg of LW gain) of Ca, P, Mg, K and Na for an intake of 2.20% of body weight1
(BW - kg) of grazing Zebu bovine
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Conclusions

Total dietary macro mineral requirements increase
according to body weight of the animals. The NRC system
overestimates total dietary requirements of calcium and the
calcium and phosphorus per 100 g of crude protein retained
ratio. Total dietary requirements of mineral macro elements
studied and the phosphorus per 100 g of crude protein retained
ratios are close to the recommendations of BR-Corte (2010).
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