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ABSTRACT

International committees that have published nutrient requirements for dairy cattle have used data from
mineral studies conducted in the 1920s to 1970s, and
no study has reported data from animals less than 100
kg; therefore, there is a need to update mineral requirements for preweaned dairy calves. Thus, a meta-analysis was performed to estimate the mineral requirements
of Ca, P, K, Mg, and Na for Holstein and Holstein
× Gyr crossbred preweaned dairy calves using data
from 5 studies developed at the Universidade Federal
de Viçosa (Viçosa, MG, Brazil). A total of 210 calves
were separated into 2 breeds: purebred Holstein calves
(animals with a Holstein pedigree higher than 87.5%)
and Holstein × Gyr crossbred calves (animals with a
Holstein pedigree lower than 87.5%). The comparative
slaughter technique was used to estimate animal body
composition and empty body weight (EBW). Mineral
requirements for maintenance were estimated by the regression between retained mineral and mineral intake,
whereas mineral requirements for gain were obtained
from the first derivative of the mineral content in the
animal’s body. In addition, breed effect was tested on
the intercept and slope of the models. The effect of
breed was not observed for all analyzed variables. Thus,
net requirements for maintenance were 12.73, 11.81,
20.28, 3.50, and 6.37 mg/kg of EBW per day for Ca,
P, K, Mg, and Na, respectively. Retention coefficients
were 73.18, 65.20, 13.16, 29.55, and 24.28% for Ca,
P, K, Mg, and Na, respectively. The following equations were determined to estimate net requirements for
gain (NRG, g/d): NRG for Ca = 14.402 × EBW−0.139
× empty body gain (EBG); NRG for P = 5.849 ×
EBW−0.027 × EBG; NRG for K = 1.140 × EBW−0.048 ×
EBG; NRG for Mg = 0.603 × EBW−0.036 × EBG; and
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NRG for Na = 1.508 × EBW−0.045 × EBG. Due to the
high variation between the data found in this study
and in the available literature, we suggest that further
studies should be conducted to evaluate the estimates
of this study.
Key words: growth, maintenance, mineral, retention
coefficient
INTRODUCTION

Minerals play essential functions in the body (i.e.,
structural, physiological, catalytic, regulatory, and
immune response; Suttle, 2010; Wilson et al., 2016),
although they are found in small concentrations compared with other nutrients such as fat and protein.
Therefore, a deficiency in minerals can compromise
the productivity and reproductive performance of livestock (Miranda et al., 2006). Minerals are extremely
important in animal nutrition; however, the information available in the literature regarding mineral requirements for preweaned dairy calves raised under
tropical conditions is scarce (Signoretti et al., 1999;
Fonseca et al., 2012). Additionally, to the best of our
knowledge, there is a void of studies estimating mineral
requirements for Holstein (Bos taurus) and Holstein
× Gyr (Bos indicus) crossbred preweaned dairy calves
raised in tropical conditions. Consequently, diet formulation is based on mineral requirements reported by
international councils (ARC, 1980; AFRC, 1991; NRC,
2001; CSIRO, 2007), where NRC (2001) is the most
commonly used publication for formulating diets for
growing dairy calves. The NRC (2001) suggests fixed
recommendations of mineral concentrations in the diet
of preweaned dairy calves regardless of BW, genetic
makeup, or animal performance.
In addition, animals used by NRC (2001) to estimate
minerals requirements are different from those raised
under tropical conditions in terms of genetic composition, management, feeding strategies, and climatic
conditions (Embrapa, 2009). The only nutrient requirements developed for cattle living under tropical conditions are those of BR-CORTE (2016). However, BR-
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CORTE (2016) estimates the nutrients for beef breeds
only. Moreover, BR-CORTE (2016) estimates the net
mineral requirements for growing Zebu calves up to
180 d of age. The BR-CORTE (2016) requirements did
not estimate mineral requirements of maintenance and
retention coefficients (RC) for calves below 90 kg and
used estimates obtained from adult beef cattle. Thus,
estimates of nutrient requirements of minerals for dairy
calves during the preweaning phase (~110 kg of BW)
remain scarce.
The macromineral requirements for gain for dairy
calves estimated by NRC (2001) are based on a few
studies (e.g., Moulton et al., 1922; Ellenberger et al.,
1950; Hansard et al., 1957; Schulz et al., 1975; Gueguen
et al., 1989) published in the 1950s, 1970s, and 1980s.
However, dairy cattle have undergone intense genetic
selection over the last decade (Oltenacu and Broom,
2010). This selection has drastically improved animal
performance and possibly altered nutrient requirements. Moreover, feeding management of dairy calves
has changed drastically from a traditional management
of 10% of BW in liters of milk (Khan et al., 2007) to
volumes greater than 8 L/d or ad libitum milk supply.
By increasing liquid consumption, calf performance has
also increased (Silva et al., 2015). The improvement
in genetic composition has been coupled with better
sanitary and nutritional management, which might
have contributed to changes in mineral requirements
for milk-fed calves.
We hypothesized that macromineral requirements
of Holstein calves are different from those of Holstein
× Gyr crossbred calves raised under the same conditions. In addition, we hypothesized that the estimates
of dietary mineral requirements from NRC (2001) and
BR-CORTE (2016) are not suitable for dairy calves.
Therefore, a meta-analysis was developed to estimate
the macromineral requirements of Ca, P, K, Mg, and
Na for maintenance and gain of Holstein and crossbred
Holstein × Gyr dairy calves raised under tropical conditions.
MATERIALS AND METHODS

This study was not submitted to the Ethics Committee of Animal Care and Use because we used only data
from studies that were previously conducted. However,
all individual studies followed the appropriate guidelines for animal care and use.
Data Acquisition

The database used to estimate macromineral requirements (Ca, P, K, Mg, and Na) comprised 5 studies conducted at Federal University of Viçosa (Jolomba, 2015;
Journal of Dairy Science Vol. 102 No. 4, 2019

Silva et al., 2015; Rodrigues et al., 2016; Dias et al.,
2017; Chagas et al., 2018) totaling 210 calves. In each
study, individual information of each mineral (Ca, P, K,
Mg, and Na) was collected for mineral intake (MI; g/d),
retained mineral (RM; g/d), and mineral body content
(h; Tables 1 and 2). In addition, breed data (Holstein
or Holstein × Gyr), initial empty BW (EBW; kg),
final EBW (kg), empty body gain (EBG; kg/d), and
ADG (kg/d) were collected and assessed by individual
animal (Tables 1 and 2). Additional information about
the studies is available in Supplemental Tables S1 to S4
(https://doi.org/10.3168/jds.2018-15166).
Animals were separated into 2 breeds: Holstein
(those with a Holstein pedigree greater than 87.5%)
and Holstein × Gyr (those with a Holstein pedigree
lower than 87.5%). Based on this categorization, the
database comprised 113 Holstein calves and 97 Holstein
× Gyr calves (Table 1).
Slaughter and Samplings

For all studies, the comparative slaughter technique
was used to estimate body composition of each animal. Briefly, a group of animals (baseline group) were
slaughtered at the beginning of the experiment to
estimate initial EBW and initial mineral composition
of the animals that remained in the studies. From the
210 animals, 30 animals were assigned to the baseline
group. Before slaughter, all animals were allowed water
for 16 h to obtain the shrunk BW (SBW). At the
end of the trials, all animals were then slaughtered via
captive bolt stunning followed by exsanguination. After
exsanguination, the digesta was removed and discarded.
The heart, lungs, liver, spleen, kidneys, fat around the
kidney, pelvis, diaphragm, mesentery, tails, trimmings,
and washed gastrointestinal tract were weighed. These
values were added to the other portions of the body
(i.e., carcasses, head, hide, limbs, and blood) to determine the EBW.
The rumen, reticulum, omasum, abomasum, small
and large intestines, mesentery, liver, heart, kidneys,
lung, tongue, spleen, diaphragm, esophagus, trachea,
and reproductive tract were homogenized in an industrial grinder (model B5K326AG204; RefereInox,
Chapecó, SC, Brazil) for 20 min. After removing the
hide, the head and limbs were also ground in a bone
crusher (model TOL10, Luiz Nasciutti SA Industry and
Trade, Araguari, MG, Brazil) for 20 min.
The hide was sampled in 2 parts to represent the
shoulder, 3 parts to represent the dorsal line, 2 parts to
represent the ventral line, 2 parts to represent the rear,
1 part to represent each foot, and 1 part to represent
the head, which altogether represented the entire hide.
A composite sample of noncarcass components was

126.95
251.18
48.96
55.85
122.88
255.56
50.93
61.38
27.95
79.75
12.36
14.97
29.27
59.02
8.93
13.88
95.37
144.27
51.29
24.79
108.31
165.55
53.95
23.43
147.69
243.75
56.4
41.15
165.29
256.86
75.37
39.42
16.43
49.57
−21.97
15.64
18.73
89.77
−18.35
19.92

Chemical Analysis

53.88
64.43
−10.93
34.12
53.83
122.47
7.01
26.49

12.8
52.61
−32.12
16.19
15.7
64.42
−10.93
11.95

4.3
16.9
−2.3
3.74
5.38
19.13
−0.18
5.78

Samples of feeds and body components were evaluated for mineral content by digestion in nitroperchloric
acid according to the INCT-CA M-004/1 method as
described by Detmann et al. (2012). After obtaining the mineral solution, dilutions were made for the
quantification of macromineral concentrations. The
concentrations of Ca and Mg were quantified by atomic
absorption spectrometry (GBC Avanta Sigma, GBC
Scientific Equipment, Hampshire, IL; method 968.08;
AOAC International, 2000). The K and Na concentrations were quantified by flame emission spectrometry
(Corning 400, Corning, NY; method 985.35; AOAC
International, 2000). The P contents were performed
by reduction of the P-molybdate complex with ascorbic
acid, and the readings were performed in a calorimeter
spectrophotometer (method 965.17; AOAC International, 2000).

107.06
350.51
−54.91
78.88
98.89
316.63
−32.48
86.57
EBW = empty body weight; EBG = empty body gain.

113
Holstein

Calculations

1

0.44
1.00
0.07
0.28
0.43
0.86
−0.08
0.22
0.45
1.02
−0.10
0.30
0.45
0.89
−0.10
0.24
59.4
92.3
35.5
16.5
60.4
93.5
20.5
16.7
35.8
46.7
21.5
5.23
34.6
47.9
23.7
5.32
Average
Maximum
Minimum
SD
Average
Maximum
Minimum
SD
97
Holstein × Gyr
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constructed in which blood, head, limbs, hide, organs,
and viscera were sampled based on the relative proportions of each component after summing all weights of
the components.
After slaughter, the carcasses of each animal were
split into 2 half carcasses, which were chilled at 4°C for
18 h. After the 18-h period, all cooled half carcasses
were weighed and the right half carcass was ground
(model TOL10, Luiz Nasciutti SA Industry and Trade)
for 20 min in an industrial grinder (the carcass components samples). The noncarcass and carcass samples
were lyophilized (Liotop L510/ 220V, Liotop, São Carlos, SP, Brazil) and ground in a ball mill for mineral
analyses.

251.7
353.26
138.39
62.22
273.4
401.89
127.26
54.79

Na
Mg
K
P
Ca
Na
Mg
K
P
Ca
Final
Initial
Breed

No.

Item

EBG
(kg/d)
ADG
(kg/d)

Mineral retention (mg/kg of EBW per day)
EBW (kg)

Table 1. Descriptive statistics of data used to estimate the macromineral requirements1

Mineral intake (mg/kg of EBW per day)
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The linear model was used to estimate EBW from
SBW as follows:
EBW (kg) = β0 + β1 × SBW (kg),

[1]

where β0 and β1 are regression parameters. Moreover,
the linear model was used to estimate EBG from ADG
as follows:
EBG (kg/d) = β0 + β1 × ADG (kg/d),

[2]

where β0 and β1 are regression parameters.
Net requirements for maintenance and RC of each
mineral were calculated by the regression between
the RM and MI. The intercept (β0) of this model was
considered as the net requirement for maintenance and
represents mineral loss of each mineral when intake is
Journal of Dairy Science Vol. 102 No. 4, 2019

2976

CASTRO ET AL.

Table 2. Descriptive statistics of data used to estimate the macromineral requirements
Initial mineral content in empty BW (g)
Breed

No.

Item

Holstein × Gyr

97

Holstein

113

Average
Maximum
Minimum
SD
Average
Maximum
Minimum
SD

Final mineral content in empty BW (g)

Ca

P

K

Mg

Na

Ca

P

K

Mg

Na

288.82
497.09
157.34
65.94
319.09
558.30
166.09
73.35

148.82
248.53
78.94
36.44
154.75
260.33
83.48
35.33

61.40
116.98
26.72
20.90
55.27
116.45
5.82
31.92

10.07
16.15
5.21
2.75
8.35
16.34
1.54
4.03

31.74
67.36
14.18
14.17
30.51
70.45
8.64
14.53

609.81
2,330.97
298.93
307.58
594.06
1489.67
289.77
243.92

377.94
1,090.13
164.39
166.22
328.24
756.24
146.36
116.95

72.46
176.71
10.68
51.20
90.87
192.23
25.15
37.57

43.09
115.02
5.71
31.64
35.11
105.14
9.92
27.56

174.70
546.63
22.01
121.35
66.54
164.58
6.40
40.97

zero. Additionally, the slope (β1) was considered to be
RC as follows (adapted from Ferrell and Jenkins, 1998):
RM (mg/kg of EBW per day) = β0 + β1
× MI (mg/kg of EBW per day),

[3]

where β0 and β1 are regression parameters; β0 is the net
mineral requirements for maintenance, and β1 is the RC
of each mineral.
To estimate the net mineral requirements for gain,
the body mineral content as a function of the log10
EBW was estimated by regression according to the allometric model proposed by ARC (1980):
Y (g) = β0 + β1 × logEBW (kg),

[4]

where Y is the log of the body mineral content, which
might be Ca, P, K, Mg, or Na; and β0 and β1 are regression parameters.
From the estimated parameters, the net mineral requirements for gain were determined by the first derivative of Equation 4 multiplied by EBG according to the
following model (ARC, 1980):
NMg (mg/d) =
β1 × 10β0 × EBW (kg)β1 −1 × EBG (kg/d),

[5]

where NMg = net requirement of the mineral for gain,
which might be Ca, P, K, Na, or Mg; and β0 and β1 are
regression parameters. The minerals dietary requirements were described as the daily amount of a mineral
that the animal must ingest to achieve a predefined
level of performance (BR-CORTE, 2016) and were calculated using the sum of the net requirements for maintenance and gain divided by the coefficient of retention.
Statistical Procedures

The parameters of the linear models were estimated
using the MIXED procedure of SAS (version 9.3; SAS
Journal of Dairy Science Vol. 102 No. 4, 2019

Institute Inc., Cary, NC). As the data comprised observations from different studies, it was necessary to
quantify the variance associated with each of the studies. Therefore, each experiment was considered as a
random sample of a large population and the data were
analyzed following the technique described by St-Pierre
(2001) for meta-analysis. The breed effect was tested
on the intercept and slope of each model (Equations
1 to 4), and differences were declared when P < 0.05.
Observations with residues higher than |2.5| were considered outliers and excluded from the database. From
the total, 9, 9, 11, 15, and 8 animals were removed for
Ca, K, P, Mg, and Na analysis, respectively.
RESULTS AND DISCUSSION
EBW and EBG

A breed effect was not observed on the intercept (P
= 0.10) and the slope (P = 0.08) of the relationship
between SBW and EBW. Additionally, the intercept
did not differ from zero (P = 0.07) and the equation
was adjusted as follows (MSE = 4.412; R2 = 0.928):
EBW (kg) = 0.89 × SBW (kg).

[6]

A breed effect was also not observed on the intercept
(P = 0.70) and slope (P = 0.64) of the relationship between EBG and ADG. In addition, the regression intercept did not differ from zero (P = 0.34); consequently,
the regression was readjusted without the inclusion of
the intercept (MSE = 0.054; R2 = 0.952):
EBG (kg/d) = 0.91 × ADG (kg/d).

[7]

For all requirements, Equation 6 was used to convert
EBW to BW and thus calculate requirements of the
minerals in milligrams per kilogram of BW per day
when necessary in order to compare studies that present requirements as milligrams per kilogram of BW per
day.
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Table 3. Parameters of the equations to estimate the net maintenance requirements (β0) and the retention coefficients (β1) of the macrominerals1
Mineral
Ca
P
K
Mg
Na

β0

SEE

P-value2

β1

SEE

P-value3

RMSE

R2

−12.73
−11.81
−20.28
−3.50
−6.37

22.359
13.339
9.021
0.970
4.892

0.739
0.572
0.495
0.137
0.377

0.7318
0.6520
0.1316
0.2955
0.2428

0.200
0.154
0.024
0.048
0.144

0.452
0.633
0.404
0.087
0.054

62.294
22.493
10.329
1.942
24.218

0.189
0.334
0.360
0.827
0.018

1

SEE = standard error of parameter estimate; RMSE = root mean squared error; R2 = adjusted coefficient of determination.
Effect of breed on the net requirement of maintenance.
3
Effect of breed on the retention coefficient.
2

Mineral Requirements

The effect of breed was not observed on net requirements for maintenance and gain or on the predicted RC
(P > 0.05). Consequently, dietary mineral requirements
were considered similar for both breeds. Similarly, a
breed effect was not observed on BW, ADG, MI, RM,
and final body mineral content (P > 0.05; Table 1). The
effect of breed might not have been observed because
the study used similar diets, management, and climate
conditions and the same methodology for estimating
MI and RM and for mineral analysis. We suspect that
these effects are more likely to affect macromineral requirements (Underwood, 1981) compared with breed effects. However, BR-CORTE (2016) reported differences
in mineral requirements for gain of different beef cattle
breeds with an average BW of 315 kg. It is likely that
mineral requirement differences might be expressed in
other phases of gain but not in preweaned dairy calves.
Therefore, it is consistent to recommend the estimates
obtained in this study for both breeds (Holstein and
Holstein × Gyr) in preweaned dairy calves up to 100
kg of BW.
Ca

Requirements for Maintenance. The obtained
net Ca requirements for maintenance were 12.72 mg/
kg of EBW per day (Table 3) or 11.32 mg/kg of BW
per day. In comparative terms, BR-CORTE (2016)
suggested the value of 11.70 mg/kg of BW per day
for Zebu beef cattle (Nellore and crossbreed) in all
stages (steers, heifers, and bulls) raised under tropical
conditions, whereas NRC (2001) suggested a value of
15.40 mg/kg of BW per day for Holstein calves raised
in temperate climate conditions. However, Hansard
et al. (1954) recommended 14.40 mg/kg of BW per
day for Hereford calves at 30 d of age. According to
INRA (2007), considering a calf with 67 kg of BW and
a DMI of 1.1 kg/d (the values of BW and DMI were
the mean values obtained in the present study), the
net Ca requirement for maintenance is 18.89 mg/kg of

BW per day. The recommendation of this study was
close to that of BR-CORTE (2016); however, compared
with the estimates of NRC (2001), it was 26.5% lower.
The net Ca requirements for maintenance of Holstein
× Gyr and Holstein calves were close to those of Zebu
cattle (Nellore purebred and crossbred cattle) raised
under tropical conditions, indicating that this difference might be associated with the effect of climatic
conditions. We speculated that Holstein animals raised
under tropical conditions have adapted to these climatic
conditions, which might be associated with a reduction
in the net requirement of Ca for maintenance. However,
no published data have specifically evaluated the effect
of climate on net Ca requirements for maintenance.
Furthermore, the methodology used to calculate the
maintenance requirements for Ca in the current study
was different from the methodology used by Hansard et
al. (1954) and NRC (2001) and might have contributed
to the observed differences in Ca maintenance requirements.
RC. The RC of Ca obtained in this study was 73.18%
(Table 3); this is higher than that of BR-CORTE (2016),
which was reported as 56.8% for Zebu beef cattle.
Challa and Braithwaite (1989) reported an RC for Ca
of 83% for 138-kg calves, and Yuangklang et al. (2004)
reported an absorption coefficient for Ca of 95% for 47kg calves. NRC (2001) and AFRC (1991) recommended
values of 70 and 68%, respectively, as absorption coefficients for Ca. However, these studies used an absorption coefficient, neglecting Ca losses via urine. Costa e
Silva et al. (2015), studying Nellore bulls, steers, and
heifers, reported Ca losses of up to 3.8% in the urine.
Thus, neglecting Ca losses via urine can result in an
overestimation of the true RC. However, the variation
in RC of Ca between the present study and others can
be explained by the fact that the absorption coefficient
of Ca is not a fixed value and is influenced by physiological states (Allen, 1982). In this sense, Ca can be
absorbed in the intestine by 2 routes: transcellular and
paracellular (Bronner, 1987). The transcellular route is
saturable and subject to physiological and nutritional
regulation via vitamin D, whereas the paracellular route
Journal of Dairy Science Vol. 102 No. 4, 2019
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As animals grow, there is a reduction in the proportion
of bone to muscle in the body (Paulino et al., 1999),
considering that approximately 99% of Ca is present
in the bone (AFRC, 1991; NRC, 2001). Therefore, an
RC of 73.18% suggested in this study is adequate for
Holstein and Holstein × Gyr preweaning dairy calves.
Requirements for Gain. The parameters of the
regression of Ca content in EBW can be found in Table
4, and the net Ca requirements for gain were estimated
using the following equation:
NRGCa = 14.402 × EBW (kg)−0.139
Figure 1. Net Ca requirements for growth (NRGCa, g/d; tissue
accrual requirement) proposed by this study, BR-CORTE (2016), and
NRC (2001) considering empty BW (EBW) equal to 1.0 kg/d. BRCORTE (2016) equation (g/d): NRGCa = EBG × (54.8 × EBW−0.3981);
NRC (2001) equation (g/d): NRGCa = 9.83 × MW0.22 × BW−0.22 ×
ADG; this study: NRGCa = 14.402 × EBW−0.139 × EBG. MW = expected mature live BW (kg); EBG = empty body gain (kg/d). EBW
given in kg, BW given in kg, and ADG given in kg/d.

is nonsaturable and essentially independent of nutritional and physiological regulation. Thus, a reduction
in plasma Ca concentration activates the parathyroid
hormone (1,25-dihydroxyvitamin D) in plasma, which
stimulates increased intestinal Ca absorption via the
active transcellular route (Fairweather-Tait and Hurrell, 1996), which might affect Ca RC. Therefore, it is
important to highlight that the RC suggested in this
study is recommended for animals fed close to their
requirements.
In addition, the variation in RC of Ca among the
present study and others might be attributed to animal age, where young animals (suckling calves) have
higher Ca absorption compared with adult animals due
to milk Ca bioavailability (Yuangklang et al., 2004;
BR-CORTE, 2016). Hansard et al. (1954) reported a
reduction in absorption of Ca from 97% to 38% with
an increase from 1 to 6 mo of age or with a BW increase from 66 kg to 178 kg. This could be attributed to
higher diet digestibility during the preweaning phase,
where milk is the main component of the diet, and to
the reduced level of the Ca in the diet in greater BW.

× EBG (kg/d),

[8]

where NRGca = net Ca requirement for growth.
The net Ca requirements for gain proposed in this
study were lower than those reported by NRC (2001)
and BR-CORTE (2016) considering a calf with BW
between 40 and 100 kg and ADG of 1 kg/d (Figure 1).
BR-CORTE (2016) used data from Nelore calves up
to 180 d of age for estimates of Ca net requirements
for gain, whereas in the present study the average age
was 55 ± 17.7 d. NRC (2001) requirements estimates
for gain were based on the estimates of AFRC (1991),
which were determined in temperate climate conditions
with animals from the Bos taurus breeds with greater
BW. The use of animals with greater BW might affect
the estimates of Ca requirements for calves because 99%
of Ca is found in bones. Heavier animals have a lower
proportion of bone in the body (Paulino et al., 1999),
causing a bias in the estimates when extrapolated for
lighter animals.
Dietary Requirements. The dietary requirements
of Ca for this study, for BR-CORTE (2016), and for
NRC (2001) are shown in Table 5. A decrease in Ca
requirements when BW increases is observed due to a
lower proportion of this mineral in the body relative
to other nonbone tissues (AFRC, 1991; Paulino et al.,
1999). Moreover, the dietary Ca requirement is lower
in this study compared with NRC (2001) and BRCORTE (2016). As previously discussed, the estimates
of these studies were obtained with heavier and older

Table 4. Parameters (β0 and β1) of the equations to estimate the logarithm of the content of Ca, P, K, Mg,
and Na in the body1
Mineral
Ca
P
K
Mg
Na

β0

SEE

β1

SEE

RMSE

R2

1.223
0.779
0.075
−0.203
0.198

0.166
0.205
0.128
0.183
0.250

0.862
0.973
0.958
0.964
0.955

0.097
0.117
0.122
0.067
0.095

0.106
0.109
0.079
0.094
0.082

0.436
0.499
0.650
0.630
0.659

1

SEE = standard error of parameter estimate; RMSE = root mean squared error; R2 = adjusted coefficient of
determination.
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Table 5. Dietary requirements (g/d) of Ca, P, K, Mg, and Na based on the estimates proposed by this study,
BR-CORTE (2016), and NRC (2001) for different empty BW (EBW; kg) and empty body gain (EBG; kg/d)
EBG
Present study

BR-CORTE (2016)

NRC (2001)

Mineral

EBW

0.50

1.00

0.50

1.00

0.50

1.00

Ca
P
K
Mg
Na

40
40
40
40
40

6.61
4.78
1.47
1.36
3.58

12.53
8.81
2
2.25
6.1

12.07
6.38
3.29
1.24
2.22

23.18
11.91
4.52
1.76
3.72

12.13
8.23
2.83
2.18
1.56

23.28
13.64
3.76
3.56
2.38

Ca
P
K
Mg
Na

70
70
70
70
70

6.7
5.29
2.15
1.7
4.24

12.18
9.26
2.67
2.58
6.65

10.56
6.89
4.76
1.75
2.73

19.45
12.3
5.95
2.27
4.21

11.58
8.4
4.25
2.77
2.12

21.44
13.18
5.18
4.16
2.94

Ca
P
K
Mg
Na

100
100
100
100
100

6.95
5.81
2.83
2.04
4.95

12.17
9.74
3.35
2.9
7.28

10.09
7.43
6.24
2.26
3.25

17.8
12.78
7.4
2.78
4.72

11.58
8.83
5.67
3.37
2.68

20.69
13.25
6.6
4.75
3.5

animals and with different genetic composition. The
higher Ca requirements recommended by these studies
(NRC, 2001; BR-CORTE, 2016) might be contributing
to high dietary Ca in the initial life phase, consequently
increasing production costs and excretion of Ca into
the environment.
P

Requirements for Maintenance. The net P requirements for maintenance obtained in this study were
11.81 mg/kg of EBW per day (Table 3) or 10.51 mg/
kg of BW per day. The observed value is lower than
those reported by NRC (2001) and BR-CORTE (2016)
of 16.00 and 13.50 mg/kg of BW per day, respectively,
which is 34.30 and 22.14% greater than our estimates,
respectively. According to INRA (2007), the net P
requirement for maintenance is estimated to be 15.63
mg/kg of BW per day. As was observed for Ca requirements, net P requirements for maintenance had lower
estimates compared with the studies reported in the
literature (NRC, 2001; INRA, 2007) and were closer to
the values suggested by BR-CORTE (2016), indicating
that climate might have an influence on this variable.
The similar net requirements of P for maintenance of
Zebu cattle (recommend by BR-CORTE, 2016) and
Holstein × Gyr and Holstein calves (recommended by
this study) raised under tropical conditions might indicate that Holstein animals can be acclimated to tropical conditions and consequently decrease net P requirements for maintenance. Nonetheless, the mechanisms of
such adaptation need to be further investigated.

RC. The RC of P obtained in this study was 65.2%
(Table 3). According to NRC (2001), the recommended
P absorption coefficient for calves consuming only
milk is 90%. For animals with BW between 100 and
200 kg, the value suggested by this council was 78%.
AFRC (1991) and Gueguen et al. (1989) recommended
absorption coefficients of 58 and 60%, respectively. It
should be highlighted that these studies considered
only absorption coefficient and neglected urinary P
excretion, which might lead to a bias in the overall
estimate (excretion of this mineral through the urine
can reach 4.33% of P intake; Costa e Silva et al., 2015).
The BR-CORTE (2016) council recommends an RC of
68%, which is close to that reported in this study. Thus,
urinary P losses should not be neglected, and we suggest an RC value of 65.2% for Holstein and Holstein ×
Gyr preweaning dairy calves.
Requirements for Gain. The parameters of the
regression of P content in EBW can be found in Table
4, and net P requirement for gain can be estimated
using the following equation:
NRGP = 5.849 × EBW (kg)−0.027 × EBG (kg/d), [9]
where NRGP = net P requirement for gain.
The estimates for P requirements for gain were lower
than those reported by NRC (2001) and BR-CORTE
(2016) considering an animal with BW between 40
and 100 kg and ADG of 1 kg/d (Figure 2). The net P
requirements for gain proposed in this study, by BRCORTE (2016), and by NRC (2001) decreased as BW
increased (Figure 2) due to a lower proportion of bone
Journal of Dairy Science Vol. 102 No. 4, 2019
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Figure 2. Net P requirements for growth (NRGP, g/d; tissue accrual requirement) proposed by this study, BR-CORTE (2016), and NRC
(2001) considering empty BW (EBW) equal to 1.0 kg/d. BR-CORTE
(2016) equation (g/d): NRGP = EBG × (8.6 × EBW−0.0371); NRC
(2001) equation (g/d): NRGP = (1.2 + 4.635 × MW0.22) × (BW−0.22) ×
ADG; this study: NRGP = 5.849 × EBW−0.027 × EBG. MW = expected mature live BW (kg); EBG = empty body gain (kg/d). EBW
given in kg, BW given in kg, and ADG given in kg/d.

tissue in the body because 80% of P is found in bone
tissue (Coelho da Silva, 1995). Thus, the estimates obtained with heavier animals as described in NRC (2001)
and BR-CORTE (2016) might cause a bias when used
for lighter animals, which might compromise animal
performance or increase P excretion.
Dietary Requirements. Comparing the dietary
P requirements (Table 5) proposed in this study with
those of BR-CORTE (2016) and NRC (2001), our estimated requirements for calves with BW between 40
and 100 kg were 24.8 and 29.7% lower, respectively.
Thus, lower P requirements for Holstein × Gyr and
Holstein calves raised under tropical conditions are recommended compared with requirements for older beef
cattle (bulls, heifers, and steers) raised in similar conditions or Holstein calves raised in temperate climate
conditions.
It is important to balance Ca:P ratio in diets for
ruminants because both minerals act in synchrony with
one another (ARC, 1980). ARC (1980) suggests that
this ratio should be between 1:1 and 2:1 and that proportions outside this range might alter animals’ requirement (ARC, 1980). The value obtained in this study for
calves with BW between 40 and 100 kg was 1.36:1,
which is within the range suggested by ARC (1980) and
close to that suggested by BR-CORTE (2016) of 1.46:1
for Zebu and crossbred beef cattle.
K

Requirements for Maintenance. The net K requirements for maintenance obtained in this study were
20.28 mg of K/kg of EBW per day (Table 3) or 18.05
Journal of Dairy Science Vol. 102 No. 4, 2019

mg of K/kg of BW per day. These estimates were lower
than those reported by NRC (2001), INRA (2007),
and BR-CORTE (2016) of 38.0, 105.0, and 23.5 mg
of K/kg of BW per day, respectively. The estimates
obtained in this study and in BR-CORTE (2016) were
lower than those suggested by NRC (2001) and INRA
(2007). Again, we highlight the similarity between the
estimates obtained under tropical conditions, indicating
that environment might affect K requirements for maintenance. Nevertheless, we could not find physiological
mechanisms that could explain why K requirements for
maintenance are reduced in warm environments.
RC. The RC of K obtained in this study was 13.1%
(Table 3). This value is lower than the RC suggested by
BR-CORTE (2016; 48.4%). Nevertheless, BR-CORTE
(2016) considers mineral retained calculated by the difference between MI and mineral losses via feces and
urine. However, K can be excreted via other avenues,
such as in saliva (0.7 g/100 kg of BW) and sweat (1.1
g/d; ARC 1980). ARC (1980) and NRC (2001) use absorption coefficients of K of 100 and 90%, respectively.
However, it should be noted that these studies used
absorption coefficient and not RC. Thus, data from the
literature suggest that 30% of the K intake is excreted
via urine (BR-CORTE, 2016).
Estimates of a K RC might have limitations because
K is typically high in ruminant diets (Underwood and
Suttle, 1999), and milk fed to calves contains on average 1.44 mg of K/mL (Gaucheron, 2005). We suggest
that high K intake might be associated with an increase
in K excretion via urine, which might yield a lower RC.
Therefore, the low RC for K found in this study might
be linked to the excess of K in the diet. Thus, the use
of the low RC obtained in this study would produce
a greater K requirement of preweaned dairy calves.
Furthermore, the use of the RC obtained in this study
can possibly increase excretion of K in the environment and increase production costs. Thus, we suggest
the use of a 90% absorption coefficient recommended
by NRC (2001) to calculate dietary K requirements of
preweaned dairy calves.
Requirements for Gain. The parameters of the
regression of K content in EBW can be found in Table
4, and the net K requirement for gain can be estimated
using the following equation:
NRGK = 1.140 × EBW (kg)−0.048
× EBG (kg/d),

[10]

where NRGK = net K requirement for gain.
The estimated net K requirements for gain (Figure
3) in this study were 17.0 and 42.7% lower than those
reported by BR-CORTE (2016) and NRC (2001), re-
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spectively, for calves with BW between 40 and 100 kg
and ADG of 1 kg/d. However, the estimates of BRCORTE (2016) were generated with Nellore calves up
to 180 d of age and 200 kg of BW. The NRC (2001)
K recommendations are for animals with BW between
150 and 500 kg and not for preweaned calves (Gueguen
et al., 1989) and thus should be used with caution when
formulating K requirements for preweaned calves.
Dietary Requirements. The dietary requirements
of K were 47 and 55% lower than those reported by
NRC (2001) and BR-CORTE (2016), respectively
(Table 5), for calves with BW between 40 and 100 kg.
When calculating the dietary requirements for K, the
absorption coefficient suggested by NRC (2001) was
used, as discussed previously. It is worth noting that
K requirements can be satisfied with milk supply only.
Mg

Requirements for Maintenance. The net Mg
requirements for maintenance obtained in this study
were 3.50 mg of Mg/kg of EBW per day (Table 3), or
3.11 mg of Mg/kg of BW per day. These values are
lower than those reported by BR-CORTE (2016) and
INRA (2007), which suggest values of 5.90 and 7.0 mg
of Mg/kg of BW per day, respectively. However, the
value of this study was close to that recommended by
NRC (2001) and ARC (1980) of 3.0 mg of Mg/kg of
BW per day for animals with BW of 100 kg. These
differences might be linked to the fact that BR-CORTE
(2016) used heavier animals (BW of 302 kg) than those
used in the current study (BW of 59.9 kg).
RC. We observed an RC for Mg of 29.5% (Table
3), which is lower than that suggested by BR-CORTE
(2016) of 35.5%. The value obtained in this study is
higher than that in NRC (2001), which uses an absorption coefficient of 16%. The RC recommendation
in this study was close to that of BR-CORTE (2016),
indicating that, as we observed for other minerals, climate might have some effect on mineral metabolism
because the NRC (2001) data were obtained in temperate climate conditions and the values of this study and
BR-CORTE (2016) were obtained from animals housed
under tropical conditions. In addition, NRC (2001) recommendations were based on heavier and adult ruminant animals, whereas calves are physiologically close
to monogastrics, which have absorption coefficients
between 52.0% for poultry (Shastak and Rodehutscord,
2015) and 83.1% for swine (Kiefer et al., 2012).
Requirements for Gain. The parameters of the
regression of Mg content in EBW can be found in Table
4, and the net Mg requirement for gain can be estimated using the following equation:
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NRGMg = 0.603 × EBW (kg)−0.036
× EBG (kg/d),

[11]

where NRGMg = net K requirement for growth.
The net Mg requirements for gain is shown in Figure
4. The net Mg requirements of this study were higher
than those of BR-CORTE (2016) and NRC (2001)
considering calves with BW between 40 and 100 kg
and ADG of 1 kg/d. As stated before, the estimates of
BR-CORTE (2016) were generated with Nellore calves
that were 200 kg of BW. This difference might be associated with a lower Mg requirement because 70% of
the Mg in the body is located in bones (BR-CORTE,
2016), and a reduction in the proportion of bone tissue
in the body occurs with an increase in BW (Paulino et
al., 1999). NRC (2001) recommended a fixed value of
0.45 g of Mg/kg of ADG regardless of BW and feeding,
underestimating the Mg requirements for preweaned
dairy calves. Providing insufficient amounts of Mg in
diet might compromise animal performance because
Mg is a major intracellular cation and is necessary as a
cofactor for enzymatic reactions that are vital to many
major metabolic pathways in the body (Goff, 2017).
Dietary Requirements. The dietary requirements
of Mg in this study were 17.0% higher than those reported by BR-CORTE (2016) and 37.6% lower than
those reported by NRC (2001; Table 5). The difference in Mg dietary requirements between this study
and those proposed by BR-CORTE (2016) might be
associated with different BW used in the estimates.
BR-CORTE (2016) used animals with higher BW and
therefore a lower proportion of bone tissue in the body
(Paulino et al., 1999). However, the main difference

Figure 3. Net K requirements for growth (NRGK; g/d; tissue accrual requirement) proposed by this study, BR-CORTE (2016), and
NRC (2001) considering empty BW (EBW) equal to 1.0 kg/d. BRCORTE (2016) equation (g/d): NRGK = EBG × (1.5 × EBW)(−0.0636);
NRC (2001) equation (g/d): NRGK = 1.6 × ADG; this study: NRGK
= 1.140 × EBW−0.048 × EBG. EBG = empty body gain (kg/d). EBW
given in kg, BW given in kg, and ADG given in kg/d.
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between the current study and NRC (2001) can be associated with the low absorption coefficient used by
NRC (2001) compared with the absorption coefficient
used in the current study.
Na

Requirements for Maintenance. The net Na requirements for maintenance were 6.37 mg/kg of EBW
per day (Table 3) or 5.67 mg of Na/kg of BW per
day, which is close to the requirements suggested by
BR-CORTE (2016) of 6.30 mg of Na/kg of BW per
day and lower than that suggested by NRC (2001) and
INRA (2007) of 15 mg of Na/kg of BW per day. The
similar requirements between BR-CORTE (2016) and
this study indicate that there is a similarity in Na net
requirements for maintenance between animals raised
in tropical conditions and animals raised in temperate
conditions.
RC. The RC of Na was 24.28% (Table 3), which
was lower than that suggested by BR-CORTE (2016)
of 37.10%. However, our study considered retained Na
as that measured by directly quantifying the animal’s
body Na content, whereas the estimates of BR-CORTE
(2016) were calculated by the difference between MI
and mineral excretion via feces and urine. Thus, BRCORTE (2016) did not account for losses by saliva.
Salivary sodium is expected to be almost 100% reabsorbed in the gastrointestinal tract; however, Aitken
(1976) reported that nonacclimatized cattle in tropical
conditions might lose up to 1.4 g of Na/d for each 100
kg of BW, which might explain, at least in part, our results. NRC (2001) recommends the value of 90% of Na

Figure 4. Net Mg requirements for growth (NRGMg; g/d; tissue accrual requirement) proposed by the present study, BR-CORTE (2016),
and NRC (2001) considering empty BW (EBW) = 1.0 kg/d. BRCORTE (2016) equation (g/d): NRGMg = EBG × (0.4 × EBW−0.0173);
NRC (2001) equation (g/d): NRGMg = 0.45 × ADG; this study: NRGMg
= 0.603 × EBW−0.036 × EBG. EBG = empty body gain (kg/d). EBW
given in kg, BW given in kg, and ADG given in kg/d.
Journal of Dairy Science Vol. 102 No. 4, 2019

absorption coefficient and does not account for losses
through saliva and urine, which are, on average, 38.6%
of Na intake (Costa e Silva et al., 2015). Nevertheless,
even considering Na losses via saliva and urine, our
RC was much lower than the NRC (2001) absorption
coefficient, suggesting that further studies are still necessary to fully understand Na retention in preweaned
dairy calves.
Requirements for Gain. The parameters of the
regression of Na content in EBW can be found in Table
4, and net Na requirement for gain can be estimated
using the following equation:
NRGNa = 1.508 × EBW (kg)−0.045
× EBG (kg/d),

[12]

where NRGNa = net Na requirement for growth.
The net Na requirements for gain were 7.43% higher
than those recommended by BR-CORTE (2016; Figure
5) considering calves with BW between 40 and 100 kg
and ADG of 1.0 kg/d. This difference can be attributed
mainly to the animal’s BW because BR-CORTE (2016)
used animals with BW of up to 200 kg in their estimates.
The recommendations of the net Na requirements for
gain of NRC (2001) were higher than those observed in
this study. However, this study considered the net Na
requirements for gain as a fixed value of 1.40 g of Na/
kg of ADG for animals with BW between 150 and 600
kg (Guenguen et al., 1989). In addition, for preweaned
calves, NRC (2001) suggests 0.40% of the Na in milk
and 0.15% of the Na in the starter feed regardless of
intake, BW, breed, and animal performance.

Figure 5. Net Na requirements for growth (NRGNa; g/d; tissue accrual requirement) proposed by the present study, BR-CORTE (2016),
and NRC (2001) considering empty BW (EBW) = 1.0 kg/d. BRCORTE (2016) equation (g/d): NRGNa = EBG × (1.2 × EBW−0.0209);
NRC (2001) equation (g/d): NRGNa = 1.40 × ADG; this study: NRGNa
= 1.508 × EBW−0.045 × EBG. EBG = empty body gain (kg/d). EBW
given in kg, BW given in kg, and ADG given in kg/d.
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Dietary Requirements. When calculating dietary
requirements of Na for calves with BW between 40 and
100 kg with an ADG of 1.0 kg/d, the estimates of this
study were 1.6 and 2.3 times higher than those reported
by NRC (2001) and BR-CORTE (2016), respectively
(Table 5). This difference might be attributed to the
different methodologies used in this study compared
with NRC (2001) and BR-CORTE (2016) to estimate
Na retention or absorption coefficients. Besides the
methodology aspect, as apparently those differences
are also linked to animals’ BW, we suggest using the
Na dietary recommendation we observed for preweaned
dairy calves.
CONCLUSIONS

In summary, breed did not affect dietary requirements of microminerals for preweaned dairy calves. The
possible existence of a climatic effect on the mineral
requirements is evident; however, it is not known what
physiological factors are involved in metabolic and
requirement changes. Thus, due to the absence of information regarding mineral requirements for preweaned
dairy calves, this study is a major advance in this field.
However, large differences were observed among the
proposed recommendations for preweaned dairy calves
compared with those of BR-CORTE (2016) and NRC
(2001), suggesting that further studies on mineral requirements for preweaned calves are still necessary to
validate the observed estimates and verify long-term
effects.
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