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Abst ract

The aim of this study was determine the energy and protein
requirements for maintenance and gain of Nellore steers. Thirty six
Nellore steers with a average weight and age of 359±13 kg and 20
months at the beginning of the trial were individually fed for 56. The
steers were fed the same diet (76.43% TDN and 13.62% CP) in three
levels of dry matter (DM) intake, ad libitum, 75 g DM/kg BW0.75 and 60
g DM/kg BW0.75. The initial and final body composition was estimated
with the marker deuterium oxide that allowed repeated water estimate
in the same animal. Deuterium in blood samples was analyzed by mass
spectrometry. The effects of intake levels, comparison of intercept and
slope among feeding level, and equations were evaluated by the
analysis of variance, adopting P<0.05 as a significant level . The net
energy for maintenance was 75 kcal/kg EBW 0.75 or 70 kcal/kg BW0.75.
The net energy for gain for steers with 350 to 450 kg weight was 5.1
to 6.1Mcal. The efficiency of energy utilization for maintenance, km, was
0.7492 and for weight gain, kg, was 0.3404. The metabolizable
protein requirement for maintenance was 4.32 * BW 0.75 and the net
protein for gain was estimated with the equation NPg =
(254.68*EBWG) – (29.38*RE). The technique of deuterium oxide
marker used to estimate energy and protein requirement for
maintenance and weight gain at Nellore steers confirm the hypothesis
presented in NRC, that NEm is lower than the requirement for taurine
cattle. On the other hand, the reverse was true for the NP requirement
for maintenance and for weight gain. We consider that indirect method
using D2O for estimate body composition in zebu cattle was suitable to
determine nutrient requirements.
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INTRODUCTION
The knowledge of the nutritional requirements of cattle is a key component for the success
of beef production systems, once it allows the adoption of nutritional and management practices
that can impact on the efficiency and profitability of beef chain.
According to NRC (1996) the nutritional requirements of finishing beef cattle is commonly
differentiated in maintenance and gain/growth. One of the most important steps to determine
those requirements is the estimate of animal’s body composition (LOFGREEN and GARRET,
1968).
The body composition is main variable that influences the accuracy of the prediction of
nutritional requirements (TEDESCHI, 2015; SILVA et al., 2017). However, obtaining data on body
https://doi.org/10.17523/bia.2020.v77.e1487
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composition that allow a good estimate of the requirements is difficult, time
consuming and expensive.
One technique that can be used to determine the beef cattle body
composition without slaughter animals is through dilution techniques using isotopes
as markers (LEME et al., 1994). Deuterium is a hydrogen isotope which replaces H in
H2O molecules and initially was applied to estimate the amount of water in the
human body (PINSON, 1952; FALLER et al., 1955a; 1955b). This technique allows
repeated measurements in the same individual without undesirable effects, and still
used for research (WANG et al., 2014; BANDARA et al., 2015; FOWLER et al., 2020).
The use of deuterium dilution for beef cattle began in the 1980s (ARNOLD et
al., 1985; LEME et al., 1994; GOMES et al., 2012) and also has been used for studies
with swine (ZHANG et al., 2017), sheep and goats (AL-RAMAMNEH, et al.;
2010),dairy cattle (CHAPMAN et al., 2017; SCHAFF et al., 2017) and equine
(DUGDALE et al., 2011; FERJAK et al., 2017).
Like others, the deuterium dilution technique to determine body
composition hopes to avoid the use of comparative slaughter and its implications
(RESENDE et al., 2017; FONSECA et al., 2017), at the same time that considers the
importance of accuracy in estimating body composition. Thus, a study was carried
out to compare the estimates of energy and protein requirements obtained by using
the deuterium oxide technique with data from the literature obtained by other
techniques.
MATERIAL AND METHODS
The experiment was carried out at the Faculdade de Zootecnia e Engenharia

de Alimentos of Universidade de São Paulo. The Research Ethics Committee of the
FZEA/USP, under Nº 6706080515, approved the procedures.
Animal management and feeding
Thirty-six Nellore steers (Bos taurus indicus) with20 months old and initial

body weight of 359±13 kg were housed in individual pens and submitted to 28 d of
adaptation to the facilities and diet.
The animals were fed for 56 days, with the same diet (Table 1) supplied in
three levels of dry matter (DM) intake to obtained different body composition: ad
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libitum (TAL), 75 g DM/kg BW0.75 (T75) and 60 g DM/kg BW0.75 (T60). The concentrate
and the roughage were weighted, mixed and distributed daily in the morning.
Table 1 – Diet composition on dry matter basis

Ingredient

g/100g

Corn grain

20.00

Soybean hulls

57.29

Soybean meal

0.71

Urea

0.92

Mineral salt

0.60

Limestone

0.49

Rumensin®

0.027

Sorghum silage

20.00

Nutrient

1NRC,

Total digestible nutrients

76.43

Crude protein

13.62

Rumen degradable protein

8.63

Ether extract

2.42

MM

4.26

Neutral detergent fiber

54.44

Acid detergent fiber

38.55

Nitrogen-neutral detergent fiber

6.02

Nitrogen-acid detergent fiber

3.44

Lignin

2.60

Metabolizable energy1

2.76

2001.

For the ad libitum treatment, the orts were collected before the feeding, three
times a week, weighted and mixed to provide a sample composed for week for DM
determination. Daily dietary adjustment was performed so that the orts were no more
than 5% of the feed offered. In the T75 and T60 treatments the diet supply was
constant during the periods between weighing, since it was determined, for each
animal, based on the initial metabolic weight of the period. The animals were
weighted in 28 days intervals, after 16 h of complete fasting.
The diet was formulated according to beef cattle requirements of NRC (2000),
using sorghum silage as roughage and common feedstuffs for Brazilian feedlots as
concentrate (Table 1). The average daily gain expected was 1.3 kg/d. The concentrate

and silage was sampled and analyzed for dry matter (DM, method 950.46), crude
protein (CP, Micro Kjeldahl, method 928.08), ether extract (EE, method 950.46) and
mineral matter (MM, method 920.153),according to AOAC (1997); neutral detergent
fiber (NDF), acid detergent fiber (ADF) and lignin, according to Van Soest et al. (1991);
Bol. Ind. Anim., Nova Odessa, v. 77, 2020
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N-NDF and N-ADF (VAN SOEST et al. (1991) and AOAC (1997), method 928.08;
Micro Kjeldahl).
Total digestible nutrients (TDN) from the roughage and concentrate were
estimated using equations of NRC (2001), TDN = digestible CP + 2.25*digestible EE +
digestible NDF without ash and protein + digestible NFC – 7. The digestible energy
(DE) was obtained considering that 1 kg of TDN corresponds to 4.409 Mcal of DE
(NRC, 2001) and that metabolizable energy (ME) was obtained by equation ME =
0.96*DE-0.30 (GALYEAN et al., 2016).

Body composition
Initial and final body compositions were estimated with the deuterium oxide
(D2O) technique and the same animals were used for the two evaluations. The D 2O
(99.8% of purity, MW 20.03) was injected in the right jugular through a catheter, in the
proportion of 0.1 g/kg body weight. Then, blood samples were collected before D 2O

application and after six hours with the animals kept without access to water or feed.
All blood samples were collected in heparinized Vacutainer tubes of 10 mL that were
refrigerated and later transferred to plastic tubes resistant to freezing. Samples were
stored at -20 ºC for later analysis of the marker concentration.
The D2O in blood samples were determine by mass spectrometry, where the

water is separated from the blood by vacuum distilling, retained in trap at –196 ºC,
and decomposed by reaction with metallic zinc at 500 ºC under vacuum system
(COLEMAN et al., 1982). From the quantity of D2O diluted in water blood the
deuterium space (DS) was calculated as follow:
DS = mg D2O injected / (mg/mL D2O Final - mg/mL D2O Initial)

To compare data in different basis and for the estimative and predictions of
animal performance, the relationship between empty body weight (EBW) and shrunk
body weight (SBW), and between empty body weight gain (EBWG) and shrunk body
weight gain (SBWG) is necessary.
From the DS data and the shrunk body weight was possible to determine the

water (Eq. 1) and the ether extract (Eq. 2) in the empty body, using the equations
obtained by Leme (1993), for Nellore steers.
Eq. 1:
Water (%) = 65.9654 + (0.0977 * DS) – (0.0909 * SBW), (R2 = 0.83 and Sy.x = 1.33).
Bol. Ind. Anim., Nova Odessa, v. 77, 2020
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Eq. 2:
Ether extract (%) = 93.92968 – 1.27598 * Water (%), (R2 = 0.97 and Sy.x = 0.62).
The estimation of protein quantity in the empty body was obtained through
protein and water relationship equal to 0.3009 and the estimation of ash quantity in
the empty body through the relationship between ash and water equal to 0.0747,
according to established relationships for Nellore steers by Leme et al. (1994).
Nutritional requirements

Feeding the same diet in three different levels of intake was necessary to
obtain regression equations to estimate the energy and protein requirements for no
gain situation, equivalent to the maintenance requirements (CÁRDENAS-MEDINA et
al., 2010; POSADA-OCHOA et al., 2017).
Knowing fat and protein in the empty body, and that each kilogram of fat

corresponds to 9.367 kcal, and to protein 5.686 kcal (NRC, 1996), it was possible to
determine the amount of energy in the empty body of each animal at the beginning
and at the end of the experimental period.
The requirement of net energy for maintenance was calculated as the
antilogarithm of the intercept in the regression equation between the logarithm of heat

production and the metabolizable energy intake (MEI). For this, the heat production
(HP) was calculated according to Lofgreen and Garrett (1968) equation (Eq. 3).
Eq. 3: HP = MEI - RE.
The requirement of net energy for weight gain (NE g) was determined as the
energy deposited in the gain (LOFGREEN and GARRETT, 1968). The equation for

prediction of RE was calculated according to NRC (1984) (Eq. 4).
Eq. 4: RE = b * EBW0.75 * EBWGa
Were:
a = antilogarithm of intercept in the equation between the logarithm of RE per
kilogram of empty body weight and the logarithm of empty body daily gain.

b = slope in the same regression equation.
The slope of the regression equation between the daily retained energy per
kilogram of metabolic weight, and the metabolizable energy daily intake per kilogram
of metabolic weight, was considered as the efficiency of energy utilization for weight
Bol. Ind. Anim., Nova Odessa, v. 77, 2020
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gain (kg) (VALADARES FILHO et al., 2006).
The metabolizable protein for maintenance was determined from the intercept
of the regression equation of metabolizable protein intake (g/day) in function of
weight gain (kg/day), which was divided by the average metabolic weight of the
animals (WILKERSON et al., 1993; NRC, 1996).
The metabolizable protein intake was calculate considering that the diet had
4.99% of rumen undegradable protein, and that the microbial protein (MP) synthesis
corresponds to 120 g MP/kg of TDN, as proposed by Valadares Filho et al. (2006) for
zebu animals. The total intake of metabolizable protein was obtained by adding the
true protein plus the protein of microbial origin.
The requirement of net protein for weight gain (NP g) was estimated by
regression equation of retained protein in shrunk weight gain (g/kg of daily EBW 0.75)
on protein intake (g/kg of daily EBW0.75) (CHIZZOTTI et al., 2007).

Statistical analyses
The effects of intake levels and equations were evaluated by the analysis of
variance using the SAS program (SAS Institute Inc., Cary, NC, USA), according to
following model: Yij = μ + ti + eij, where: Yij = observation of the ith animal on the jth
treatment, μ = mean, ti = effect of the DMI level, eij = inherent error of each observation

~ NID (0, δ2e). The comparison of intercept and slope among feeding level for
regressions was performed using PROC GLM with the SOLUTION statement,
according to CHIZZOTTI et al. (2007). Significant level adopted was P<0.05.
RESULTS AND DISCUSSION

The in vivo chemical composition estimated by isotopic dilution methods
requires an estimate of EBW, which was obtained by equation (Eq. 5) from shrunk
body weight (SBW) of these animals at the end of the experimental period, when they
were slaughtered and empty body weight was determined.
Eq. 5:

EBW (kg) = - 15.74911 + 0.98517 * SBW (kg), (R2 = 0.96 and Sy.x = 8.4).
The value assumed to represent the conversion of EBW to SBW was one obtained in
treatment without feed restriction. The values for conversion ratio of EBW to SBW were
different between animals fed restricted and ad libitum (P=0.0002; 0.96 and 0.93, respectively),
Bol. Ind. Anim., Nova Odessa, v. 77, 2020
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possibly due to effect of restricted feeding in internal organs as reported by Posada-Ochoa et
al. (2017). However, the value of 0.93 is in the range suggested by NRC (2000) and BR-Corte
(2016).

The EBWG:SBWG value observed in this work (0.9852), was greater than

values previously reported in the literature for Bos indicus cattle, which ranged from
0.879 to 0.964 (VÉRAS et al., 2001; SILVA et al., 2002a, 2002b; PAULINO et al., 2004;
FREITAS et al., 2006), and with current data 0.943 to 0.971 (BR-CORTE, 2016),
probability due to differences in the EBW of basal line at slaughter in the papers cited.
The retained energy, determined from the empty body composition of the

animals, increased with feed intake and weight gain, while the quantity of deposited
energy as protein decreased with the increase in weight gain, consistent with findings
of previous reports (CHIZZOTTI et al., 2007; SILVA et al., 2012).
The heat production (HP) increased with feed intake (T60: 131 kcal/SBW 0.75,
T75: 152 kcal/SBW0.75, TAL: 212 kcal/SBW0.75). Based on HP values, the regression

equation between the logarithm of HP and metabolizable energy intake (MEI) was
calculated:
Log HP = 1.87781  0.01236+ (0.001840.00006 * MEI), (R2 = 0.9671, RMSE =
0.01729).
The net energy requirement for maintenance (Table 2) was 75 kcal/kg EBW0.75.

When this value is adjusted to body weight, using a conversion factor of 0.93 obtained
by ad libitum animals, it results in 70 kcal/kg BW0.75 which is similar to recommended
to zebu cattle by NRC (2000), or 72.0 (using 0.96 factor conversion by fed restriction
animals) similar to 72.3 kcal/kg BW0.75 suggested by Valadares Filho et al. (2006), but
not according to BR-Corte (2016). Note that 0.93 or 0.96 factor conversion was different

of 0.891 adopted by NRC (2000) and Valadares Filho et al. (2006), and can be related to
comparative slaughter technique.
The literature data is divergent about the fact that zebu cattle have lower
maintenance requirement than taurine cattle. These contradictions may be due
differences in environmental factors (NRC, 2000), size and birth season (ARRUDA et

al., 2018) degree of activity and roughage-concentrate ratio (VÉRAS et al., 2010), and
especially, by the wide variability in nervousness and responsiveness to stress
inherent to the temperament of Nellore animals, which alter feed efficiency and
energy requirements (GOMES et al., 2013; POSADA-OCHOA et al., 2017).
Bol. Ind. Anim., Nova Odessa, v. 77, 2020
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However, the NEm requirement for Nellore animals, obtained using the D2O
technique is in agreement with the hypothesis that NE m requirement is smaller for
zebu than for taurine breeds (GOMES et al., 2017), regardless of the magnitude of this
difference.
The energy requirement for weight gain is a function of the body weight and
Table 2– Net energy requirement for maintenance (NEm) and empty body weight gain (NEg) as a function of shrunk
(SBW) or empty (EBW) body weights.
NEg, Mcal
SBW, kg

EBW, kg

NEm, Mcal

EBWG, kg/d

350

329

5.7

0.250
1.07

0.700
3.39

1.100
5.64

375
400

354
378

6.1
6.4

1.12
1.18

3.57
3.75

5.94
6.23

425
450

403
428

6.6
6.9

1.24
1.29

3.93
4.10

6.52
6.81

weight gain of the animal and was predicted by equation: RE = 0.0661 * EBW 0.75 *
EBWG1.123. This value (0.0661) was similar from that proposed by the NRC (1984): RE =
0.0635 * EBW0.75 * EBWG1.097, varying in approximately 3.1%. It is interesting to note
that the difference in EBWG:SBWG conversion rate observed in this study (0.985) and
NRC (0.956) was 2.9 percentage points, which suggests that this difference could be
related to how the empty weight gain was determined, in vivo or post mortem, since
body composition is the variable with the greatest influence in accurately predicting
animal requirements (TEDESCHI, 2015).
The energy requirement for weight gain in steers varying from 350 to 450 kg SBW
(Table 3) and for 1 kg of daily weight gain ranged from 5.1 to 6.1 Mcal. These values are higher
than observed by other authors (NRC, 2000; VALADARES FILHO et al., 2006; BR-CORTE,
2016), but expected due to the others parameters, as EBW:SBW, EBWG:SBWG and RE

equation, that also were higher. Although greater values have already been reported for
Nellore cattle, other results reported different values (CHIZZOTTI et al., 2007; GOMES et al.,
2017).

Energy efficiency for maintenance (km) was 0.7492 (R2=0.9764). This value was
greater than that reported by Valente et al. (2013) for pasture animals (0.55) as well as

those reported by Chizzotti et al. (2007) and Tedeschi et al. (2002), (71.3 and 69.9,
respectively). However, our results followed the same direction proposed by
Valadares Filho et al. (2005), who in analysis of several works found a k m around 70.
The authors also mention that values above this, such as the one cited by ARC (1980)
Bol. Ind. Anim., Nova Odessa, v. 77, 2020
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between 73.8 e 77, may reflect an overestimation, as only with animals below
maintenance would be possible to make an accurate determination. Another
possibility that can occur is due the diet with high concentrate, like used in this work,
to be more digestible by microorganisms that increase propionic acid production and
decrease methane production, rumination and increment caloric (POSADA et al., 2011;
Table 3– Net and metabolizable protein requirements per kilogram of empty body weight (EBW) or empty body
weight gain (EBWG)

Treatments1

Characteristic
Net protein, g/kg EBW

T60
178.32

T75
177.20

TAL
174.15

Net protein, g/kg EBWG

134.12

132.50

125.74

Metabolizable protein, g/kg EBW

362.44

360.16

353.96

Metabolizable protein, g/kg EBWG

272.60

269.31

255.58

1T60:

feed intake 60 g DM/kg BW0.75, T75: feed intake 75 g DM/kg BW0.75, TAL: feed intake ad libitum.

LIU et al., 2017), because grazing animal have higher requirements (VALENTE et al.,
2013). It may also be related to the lower maintenance requirement, due to more
competent metabolic processes (COSTA et al., 2018), because Zebu animals are more
efficient using metabolizable energy to maintenance (MARCONDES et al., 2013).
On the other hand, energy efficiency for weight gain (k g) was 0.3404
(R2=0.7862), similar to the literature data (0.33 by SILVA et al., 2002a; 0.35 by
VALADARES FILHO et al., 2006; 0.33 by SILVA et al., 2012). This is in agreement with
mentioned by Posada et al. (2011) when describing work of Baldwin et al. (1980),
where the maximum theoretical growth efficiency of ruminants is 70-80; however,
according to those authors, the value of kg are 30-60%, there is a notable variation
between animals.
The net and metabolizable protein average requirement for maintenance was
176.5 g/kg EBW and 385.8g/kg EBW, respectively. This result was similar to other
studies with Nellore (PUTRINO et al., 2006) but greater than the value observed for
Brangus animals (156 g/kg EBW; PUTRINO et al., 2006).
The net and metabolizable protein average requirements for gain were 130.8

g/kg EBWG and 265.8g/kg EBWG, respectively. Net protein for gain (NP g) was
estimated with the following regression equation: NP g = (254.68 ± 0.0079 *EBWG) –
(29.38 ± 0.0018 * RE), (R2= 0.99, Sy.x = 0.0060). For animals with body weight of 350, 400
and 450 kg the values of NPg estimated for 1 kg weight gain were 149, 138 e 128 g/d,
Bol. Ind. Anim., Nova Odessa, v. 77, 2020
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respectively.
The net protein requirement for weight gain were 151, 141 and 130 g/kg
EBWG for steers with 350, 400 and 450 kg respectively, higher than the values by NRC
(1996) (147, 134 and 121 g/d) or by Valadares Filho et al. (2006) (130, 124 and 119 g/d)
and others (FREITAS et al., 2006). However, higher values were observed for zebu
(VÉRAS et al., 2001; BONILHA et al., 2014; GOMES et al., 2017), even if considering
the genetic diversity among animal of same breed.
Based on net protein data from this work and efficiency of use of 49,2% (NRC,
1996) the metabolizable protein requirement for gain, considering an animal with 450
kg, was estimated as being 5.4% higher than the value recommended by NRC (2000)
and 6.9% higher than verified by Valadares Filho et al. (2006).
The metabolizable protein requirement was MPI (g/day) = 371.68 ± 35.72 +
(335.74 ± 42.46 * ADG (kg/day)), (R2 = 0.68 and Sy.x = 102.98), (Figure 1). Therefore, the
value of 4.32 g/kg BW0.75 was found. The factor of microbial efficiency used was 12%
of NDT (VALADARES FILHO et al., 2006 model) and the results were similar to that
observed by Watson et al. (2017) with the NRC model (13% TDN), 4.2 g/kg BW 0.75.
Therefore, the determination of body protein composition by D 2O seems to match the
literature, including higher value for zebu (4.13 g/kg BW 0.75 by VALADARES et al.,
1997; 4.0 g/kg BW0.75 by VALADARES FILHO et al., 2006; BR-CORTE, 2016) than that
of NRC (1996) (3.8 g/kg BW0.75 by WILKERSON et al., 1993; 3.88 g/kg BW0.75 by
SUSMEL et al., 1993).

Figure 1. Linear regression between metabolizable protein intake (MPI, g/d) and body
weight gain(kg/d).
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CONCLUSIONS
The energy and protein requirement for maintenance and weight gain at
Nellore steers, using the deuterium oxide marker technique are in line with the NRC
hypothesis that NEm is lower than the requirement for taurine cattle, and the reverse
was true for the NP requirement for maintenance and for weight gain.
ACKNOWLEDGMENTS
The authors thank the Foundation for Research Support of São Paulo State
(Fundação de Amparo à Pesquisa do Estado de São Paulo, FAPESP), SP, Brazil, for
supporting this work.
REFERENCES
ASSOCIATION OF OFFICIAL ANALYSIS CHEMISTS - AOAC. Official Methods of
Analysis. 16th ed., 3rd rev., v.II. Gaithersburg, MD, 1997.

AL-RAMAMNEH, D.; RIEK, A.; GERKEN, M. Deuterium oxide dilution accurately
predicts water intake in sheep and goats. Animal, v.4, n.9, p.1606-1612, 2010. doi:
10.1017/S1751731110000716
ARNOLD, R.N.; HENTGES, E.J.; TRENKLE, A. Evaluation of the use of deuterium
oxide dilution techniques for determination of body composition of beef steers.
Journal of Animal Science, v.60, n.5, p.1188–1200, 1985. DOI: https://
doi.org/10.2527/jas1985.6051188x

AGRICULTURAL RESEARCH COUNCIL - ARC. The Nutrient Requirements of
Ruminant Livestock. Farnham Royal: Commonwealth Agricultural Bureaux. 1980.
351p.
ARRUDA, R.M.daS.DE; SOUZA, J.C.de; JARDIM, R.J.D.; FERRAZ FILHO, P.B.;
SILVA, L.O.C. Growth curves and nutritional requirements for maintenance of
asymptotic weight of Nellore cattle. Revista Ciência Agronômica, v.49, n.4, p.692698, 2018. DOI: 10.5935/1806-6690.20180078
BANDARA, T.; HETTIARACHCHI, M.; LIYANAGE, C.; AMARASENA, S.; WONG,
W.W. The deuterium oxide-to-the-mother method documents adequate breast-milk
intake among Sri Lankan infants. The Journal of Nutrition, v.145, n.6, p.1325-9, 2015.
DOI: doi:10.3945/jn.115.211771.
BONILHA, E.F.M.; BRANCO, R.H.; BONILHA, S.F.M.; ARAÚJO, F.L.de; CYRILLO,
J.N.dosS. G.; MAGNANI,E. Body chemical composition, tissue deposition rates and
gain composition of young Nellore cattle selected for post weaning weight. Revista
Brasileira de Zootecnia, v.43, n.4, p.175-182, 2014. doi: 10.1590/S151635982014000400003
BR-CORTE: tabela brasileira de exigências nutricionais. 2016. 3. ed. - Viçosa (MG):
UFV, DZO, 2016. 327p. DOI: http://dx.doi.org/10.5935/978-85-8179-1111.2016B001
Bol. Ind. Anim., Nova Odessa, v. 77, 2020

ENERGY AND PROTEIN REQUIREMENTS FOR NELLORE...
12

CÁRDENAS-MEDINA, J.V.; KU-VERA, J.C.; MAGANA-MONFORTE, J.G. Estimation
of metabolizable energy requirements for maintenance and energetic efficiency of
weight gain in Bos taurus and Bos indicus cows in Tropical Mexico. Journal of
Animal and Veterinary Advances, v.9, n.2, p.421-428, 2010. DOI: 10.3923/
javaa.2010.421.428

CHAPMAN, C.E.; WILKINSON, P.S.; MURPHY, M.R.; ERICKSON, P.S. Technical
note: Evaluating nuclear magnetic resonance spectroscopy for determining body
composition in Holstein dairy calves using deuterium oxide dilution methods.
Journal of Dairy Science, v.100, n.4, p.2807-2811, 2017. https://doi.org/ 10.3168/
jds.2016-11888
CHIZZOTTI, M.L.; VALADARES FILHO, S.C.; TEDESCHI, L.O.; CHIZZOTTI, F.H.M.;
CARSTENS, G.E. Energy and protein requirements for growth and maintenance of
F1 Nellore X Red Angus bulls, steers, and heifers. Journal of Animal Science, v.85,
p.1971-1981, 2007. https://doi.org/ 10.3168/jds.2016-11888
COLEMAN, M.L.; SHEPERD, T.J.; DURHAM, J.J.; ROUSE, J.E.; MOORE, G.R.
Reduction of Water with Zinc for Hydrogen Isotope Analysis. Analytical
Chemistry, v.54, p.993-995, 1982. https://doi.org/10.1021/ac00243a035
COSTA, C.C.deM.; MAIA, A.S.C.; NASCIMENTO, S.T.; NASCIMENTO, C.C.N.;
CHIQUITELLI NETO, M.; FONSÊCA, V.deF.C. Thermal balance of Nellore cattle.
International Journal of Biometeorology, v.62, p.723–731, 2018. DOI: 10.1007/
s00484-017-1349-6
DUGDALE, A.H.A.; CURTIS, G.C.; MILNE, E.; HARRIS, P.A.; ARGO, C.M.
Assessment of body fat in the pony: Part II. Validation of the deuterium oxide
dilution technique for the measurement of body fat. Equine Veterinary
Journal, v.43, n.5, p.562-570, 2011. doi: 10.1111/j.2042-3306.2010.00327.x.

FALLER, I.L.; PETTY, D.; LAST, J.H.; PASCALE, L.R.; BOND, E.E.A comparison of the
deuterium oxide and antipyrine dilution methods for measuring total body water in
normal and hydropic human subjects. Journal of Laboratory and Clinical
Medicine, v.45, n.5, p.748–758, 1955a.
FALLER, I.L.; BOND, E.E.; PETTY, D.; PASCALE, L.R. The use of urinary deuterium
oxide concentrations in a simple method for measuring total body water. Journal of
Laboratory and Clinical Medicine, v.45, n.5, p.759-64, 1955b.
FERJAK, E.N.; CAVINDER, C.A.; BURNETT, D.D.; ARGO, C.MC.; DINH, T.T.N. Body
fat of stock-type horses predicted by rump fat thickness and deuterium oxide
dilution and validated by near-infrared spectroscopy of dissected tissues. Journal of
Animal Science, v.95, n.10, p.4344-4351, 2017. doi: 10.2527/jas2017.1676.
FERREL, C.L.; JENKINS, T.G. Body composition and energy utilization by steers of
diverse genotypes fed a high-concentrate diet during the finishing period: II.
Angus, Boran, Brahman, Hereford, and Tuli sires. Journal of Animal Science, v.76,
p.647-657, 1998.
FONSECA, M.A.; TEDESCHI, L.O.; VALADARES FILHO, S.C.; PAULA, N.F.de;
VILLADIEGO, F.A.C.; SILVA JUNIOR, J.M.; ABREU, D.C.; CHIZZOTTI,M.L.
Assessment of body fat composition in crossbred Angus × Nellore using biometric
Bol. Ind. Anim., Nova Odessa, v. 77, 2020

A FERRI , G.

ET AL .

13

measurements. Journal of Animal Science, v.95, p.5584–5596, 2017. DOI:
doi:10.2527/jas2017.1840
FOWLER, A.L.; PYLES, M.B.; BILL, V.T.; HAYES, S.H.; HARRIS, P.A.; LAWRENCE,
L.M. Relationships Between Measurements of Body Fat in Thoroughbred
Horses. Journal of Equine Veterinary Science, v.85, e-n.102873, 2020. https://
doi.org/10.1016/j.jevs.2019.102873
FREITAS, J.A.; QUEIROZ, A.C.; DUTRA, A.R.; VIEIRA, R.A.M.; LANA, R.P.;
LEONEL, F.P.; HENRIQUE, D.S.; LIMA, A.V.; SOUZA, J.C. Composição do ganho e
exigências de energia e proteína para ganho de peso em bovinos Nelore puros e
mestiços. Revista Brasileira de Zootecnia, v.35, p.886-893, 2006.
GALYEAN, M.L.; COLE, N.A.; TEDESCHI, L.O.; BRANINE, M.E. BOARD-INVITED
REVIEW: Efficiency of converting digestible energy to metabolizable energy and
reevaluation of the California Net Energy System maintenance requirements and
equations for predicting dietary net energy values for beef cattle. Journal of Animal
Science, v.94, n.4, p.1329–1341, 2016. https://doi.org/10.2527/jas.2015-0223
GOMES, R.A.; BUSATO, K.C.; LADEIRA, M.M.; JOHNSON, K.A.; GALVÃO, M.C.;
RODRIGUES, A.C.; CHIZZOTTI, M.L. Energy and protein requirements for Angus
and Nellore young bulls. Livestock Science, v.195, p.67–73, 2017. http://
dx.doi.org/10.1016/j.livsci.2016.11.011
GOMES, R.C.; SAINZ, R.D.; LEME, P.R. Protein metabolism, feed energy partitioning,
behavior patterns and plasma cortisol in Nellore steers with high and low residual
feed intake. Revista Brasileira de Zootecnia, v.42, n.1, p.44-50, 2013. https://
doi.org/10.1590/S1516-35982013000100007
GOMES, R.C.; SAINZ, R.D.; SILVA, S.L.; CESAR, M.C.; BONIN, M.N.; LEME, P.R.
Feedlot performance, feed efficiency reranking, carcass traits, body composition,
energy requirements, meat quality and calpain system activity in Nellore steers
with low and high residual feed intake. Livestock Science, v.150, p.265–273, 2012.
http://dx.doi.org/10.1016/j.livsci.2012.09.012
LEME, P.R. Estimativa da composição química corporal de novilhos Nelore através
do espaço de deutério. 78p. Thesis (Doctor of Phylosophy) – Universidade Estadual
Paulista “Júlio de Mesquita Filho”, Faculdade de Ciências Agrárias e Veterinárias,
Jaboticabal, 1993.
LEME, P.R.; BOIN, C.; ALLEONI, G.F.; MATSUI, E.; SCHAMMASS, E.A.; VIEIRA,
P.F.; LANNA, D.P.D. Estimativa da composição corporal de novilhos Nelore
através do espaço de deutério. Revista Brasileira de Zootecnia, v.23, p.441-452,
1994.
LOFGREEN, G.P.; GARRETT, W.N. A system for expressing net energy requirements
and feed values for growing and finishing beef cattle. Journal of Animal Science,
v.27, p.793-806, 1968.
LIU, Z.; LIU, Y.; SHI, X.; WANG, J.; MURPHY, J.P.; MAGHIRANG, R. Enteric methane
conversion factor for dairy and beef cattle: effects of feed digestibility and intake
level. American Society of Agricultural and Biological Engineers, v.60, n.2, p.1-6,
2017. DOI:doi.org/10.13031/trans.11744
Bol. Ind. Anim., Nova Odessa, v. 77, 2020

ENERGY AND PROTEIN REQUIREMENTS FOR NELLORE...
14

MARCONDES, M.I.; TEDESCHI, L.O.; VALADARES FILHO, S.C.; GIONBELLI,M.P.
Predicting efficiency of use of metabolizable energy to net energy for gain and
maintenance of Nellore cattle. Journal of Animal Science, v.91, n.10, p.4887–4898,
2013. DOI:doi.org/10.2527/jas.2011-4051
NATIONAL RESEARCH COUNCIL - NRC. Nutrient requirements of beef cattle. rev.
ed., National Academy Press. Washington, D.C.: 1984. 102p.
NATIONAL RESEARCH COUNCIL - NRC. Nutrient requirements of beef cattle. 7
ed., National Academy Press. Washington, D.C.: 1996. 242p.
NATIONAL RESEARCH COUNCIL - NRC. Nutrient requirements of beef cattle. 7
ed. rev., National Academy Press, Washington, D.C.: 2000. 248p.
NATIONAL RESEARCH COUNCIL – NRC. Nutrient requirements of dairy cattle.
7th ed. National Academic Press, Washington, DC: 2001. 381p.
PAULINO, P.V.R.; COSTA, M.A.L.; VALADARES FILHO, S.C.; PAULINO, M.F.;
VALADARES, R.F.D.; MAGALHÃES, K.A.; PORTO, M.O.; ANDREATTA, K.
Exigências nutricionais de zebuínos: Proteína. Revista Brasileira de Zootecnia, v.33,
p.759-769, 2004.
PUTRINO, S.M.; LEME, P.R.; SILVA, S.L.; ALLEONI, G.F.; LANNA, D.P.D.; LIMA,
C.G.; GROSSKLAUS, C. Exigências líquidas de proteína e energia para ganho de
peso de tourinhos Brangus e Nelore alimentados com dietas contendo diferentes
proporções de concentrado. Revista Brasileira de Zootecnia, v.35, p.292-300, 2006.
PINSON, E.A. Water Exchanges and Barriers as Studied by the Use of Hydrogen
Isotopes. Physiological Reviews, v.32, n.2, p.123, 1952. DOI: https://
doi.org/10.1152/physrev.1952.32.2.123
POSADA-OCHOA, S.L.; NOGUERA, R.R.; RODRÍGUEZ, N.M.; COSTA, A.L.; REIS, R.
Indirect calorimetry to estimate energy requirements for growing and finishing
Nellore bulls. Journal of Integrative Agriculture, v.16, n.1, p.151–161, 2017.
DOI:doi: 10.1016/S2095-3119(16)61443-0
POSADA, S.L.; NOGUERA R.R.; RODRÍGUEZ, N.M.; BORGES, A.L.; REIS, R.
Exigências energéticas para gado de corte: conceitos e resultados experimentais em
condições tropicais. Revista Colombiana de Ciencias Pecuarias, v.24, n.623-633,
2011.
RESENDE, K.T.; FERNANDES, M.H.M.DAR.; HENTZ, F.; TEIXEIRA, I.A.M.deA.;
GARCIA, J.A. Methods of body composition estimative of growing goats. Acta
Scientiarum. Animal Sciences, v.39, n.2, p.189-194, 2017. DOI: 10.4025/
actascianimsci.v39i2.33215
SCHÄFF, C.T.; PLIQUETT, U.; TUCHSCHERER, A.; PFUHL, R.; GÖRS, S.; METGES,
C.C.; HAMMON, H.M.; KRÖGER-KOCH, C. Evaluation of electrical broad
bandwidth impedance spectroscopy as a tool for body composition measurement in
cows in comparison with body measurements and the deuterium oxide dilution
method. Journal of Animal Science, v.95, n.5, p.2041-2051, 2017. doi: 10.2527/
jas.2017.1414.
SILVA,

F.F.,

VALADARES

FILHO,

S.C.,

ÍTAVO,

Bol. Ind. Anim., Nova Odessa, v. 77, 2020

L.C.V.,

VELOSO,

C.M.,

A FERRI , G.

ET AL .

15

VALADARES, R.F.D., CECON, P.R., PAULINO, P.V.R., MORAES, E.H.B.K.,
Exigências líquidas e dietéticas de energia, proteína e macroelementos minerais de
bovinos de corte no Brasil. Revista Brasileira de Zootecnia, v.31, p.776-792, 2002a.
SILVA, F.F., VALADARES FILHO, S.C., ÍTAVO, L.C.V., VELOSO, C.M.,
VALADARES, R.F.D., CECON, P.R., PAULINO, P.V.R., MORAES, E.H.B.K.,
Composição corporal e requisistos energéticos e protéicos de bovinos Nelore, nãocastrados, alimentados com rações contendo diferentes níveis de concentrado e
proteína. Revista Brasileira de Zootecnia, v.31, p.503-513, 2002b.
SILVA, L.F.C.E; VALADARES FILHO, S.deC.; ZANETTI, D.; ROTTA, P.P.;
MARCONDES, M.I.; PRADOS, L.F.; PAULINO, M.F.; AZEVEDO,H.deO. Energy
and protein nutritional requirements for Nellore bulls. Revista Brasileira de
Zootecnia, v.41, n.6, p.1516-1524, 2012.
SILVA, L.H.O.; BONILHA, S.F.M.; BRANCO, R.H.; CYRILLO, J.N.S.G.;
MERCADANTE, M.E.Z. Development and evaluation of models to estimate body
chemical composition of young Nellore bulls. Revista Brasileira de Zootecnia, v.46,
n.2, p.156-166, 2017. https://doi.org/10.1590/s1806-92902017000200011
SUSMEL, P.; SPANGHERO, M.; STEFANON, B.; MILLS, C.R.; PLAZZOTTA, E.N
losses, purine N derivates excretion and intestinal digestible protein requirements
of cows at maintenance. Livestock Production Science, v.36, p.213-222, 1993.
TEDESCHI, L.O.; BOIN, C.; FOX, D.G.; LEME, P.R.; ALLEONI, G.F.; LANNA, D.P.D.
Energy requirement for maintenance and growth of Nellore bulls and steers fed
high-forage diets. Journal of Animal Science, v.80, p.1671-1682, 2002.
TEDESCHI, L.O. Integrating genomics with nutrition models to improve the
prediction of cattle performance and carcass composition under feedlot conditions.
PLoS ONE, v.10, n.11, e0143483, 2015. DOI: doi:10.1371/journal.pone.0143483
VALADARES, R.F.D.; GONÇALVES, L.C.; SAMPAIO, I.B.; RODRIGUEZ, N.M.;
SILVA, J.F.C. Níveis de proteína em dietas de bovinos. 2. Consumo, digestibilidade
e balanço de compostos nitrogenados. Revista Brasileira de Zootecnia, v.26, p.12591263, 1997.
VALADARES FILHO, S.C.; PAULINO, P.V.R.; SAINZ, R.D. Desafios metodológicos
para determinação das exigências nutricionais de bovinos de corte no Brasil. In:
Reunião Anual da Sociedade Brasileira de Zootecnia. Anais, p.261-287, 2005.
VALADARES FILHO, S.C.; PAULINO, P.V.R.; MAGALHÃES, K.A. Exigências
nutricionais de zebuínos e tabelas de composição de alimentos BR-Corte. 1.ed.,
Universidade Federal de Viçosa, Viçosa, Minas Gerais, 2006.
VALENTE, E.E.L.; PAULINO, M.F.; DETMANN, E.; VALADARES FILHO, S.C.;
CARDENAS, J.E.G.; DIAS, I.F.T. Requirement of energy and protein of beef cattle
on tropical pasture. Acta Scientiarum. Animal Sciences, v.35, n.4, p.417-424, 2013.
Doi: 10.4025/actascianimsci.v35i4.21143
VAN SOEST, P.J.; ROBERTSON, J.B.; LEWIS, B.A. Methods for dietary fiber, neutral
detergent fiber, and nonstarch polysaccharides in relation to animal
nutrition. Journal of Dairy Science, v.74, n.10, p.3583-3597, 1991. Doi: 10.3583-97.
Bol. Ind. Anim., Nova Odessa, v. 77, 2020

ENERGY AND PROTEIN REQUIREMENTS FOR NELLORE...
16

VÉRAS, A.S.C.; VALADARES FILHO, S.C.; SILVA, J.F.C.; PAULINO, M.F.; CECON,
P.R.; FERREIRA, M.A.; LEÃO, M.I.; VALADARES, R.F.D.; MORAES, E.H.B.K.
Predição da composição corporal e dos requisitos de energia e proteína para ganho
de peso de bovinos, não-castrados, alimentados com rações contendo diferentes
níveis de concentrado. Revista Brasileira de Zootecnia, v.30 (Supl.1), p.1127-1134,
2001.
VÉRAS, A.S.C.; VALADARES FILHO, S.deC.; SILVA, J.F.C.da; PAULINO, M.F.;
CECON, P.R.; VALADARES, R.F.D.; FERREIRA, M.deA.; OLIVEIRA, S.R.DE;
PAULINO, P.V.R. Composição Corporal e Requisitos Energéticos e Protéicos de
Bovinos Nelore, Não- Castrados, Alimentados com Rações Contendo Diferentes
Níveis de Concentrado. Revista Brasileira de Zootecnia, v.29 (Supl.2), n.6, p.23792389, 2010.

WANG, D.; LIEM, D.A.; LAU, E.; NG, D.C.M.; BLEAKLEY, B.J.; CADEIRAS, M.;
DENG, M.C.; LAM, M.P.Y.; PING, P. Characterization of human plasma proteome
dynamics using deuterium oxide. PROTEOMICS – Clinical Applications, v.8, n.78, p.610-619, 2014. DOI 10.1002/prca.201400038
WATSON, A.K.; KLOPFENSTEIN, T.J.; ERICKSON, G.E.; MACDONALD, J.C.;
WILKERSON, V.A. Impact of microbial efficiency to predict MP supply when
estimating protein requirements of growing beef cattle from performance. Journal
of Animal Science, v.95, n.7, p.3184–3191, 2017. https://doiorg.ez72.periodicos.capes.gov.br/10.2527/jas.2016.1124
WILKERSON, V.A.; KLOPFENSTEIN, T.J.; BRITTON, R.A.; STOCK, R.A.; MILLER,
P.S. Metabolizable protein and amino acid requirements of growing cattle. Journal
of Animal Science, v.71, p.2777-2784, 1993.
ZHANG, S.; TROTTIER, N. L.; MARINI, J.C. Validation of deuterium oxide method
for estimating milk intake by piglets. Journal of Animal Science, v.95 (suppl2),
p.144-144, 2017. DOI: 10.2527/asasmw.2017.298

Bol. Ind. Anim., Nova Odessa, v. 77, 2020

