
Estimation of Energy Expenditure in Breeding Cows
Grazing Rangelands with Different Herbage
Allowance
Jimena Gómez  (  jgomezabala@gmail.com )

Universidad de la Republica Facultad de Agronomia https://orcid.org/0000-0003-4110-0238
Alberto Casal 

Universidad de la Republica Facultad de Agronomia
Martin Do Carmo 

Universidad de la Republica Facultad de Agronomia
Soledad Orcasberro 

Universidad de la Republica Facultad de Agronomia
Pablo Soca 

Universidad de la Republica Facultad de Agronomia
Mariana Carriquiry 

Universidad de la Republica Facultad de Agronomia

Research Article

Keywords: energy e�ciency, beef cows-calf systems, grazing

Posted Date: December 10th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-1112183/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1112183/v1
mailto:jgomezabala@gmail.com
https://orcid.org/0000-0003-4110-0238
https://doi.org/10.21203/rs.3.rs-1112183/v1
https://creativecommons.org/licenses/by/4.0/


   1 
 
 

 

Tropical Animal Health and Production 1 

Estimation of energy expenditure in breeding cows grazing rangelands 2 

with different herbage allowance 3 

Jimena Gómez
1*

, Alberto Casal
1
, Martín Do Carmo

1
, Soledad Orcasberro

1
, Pablo 4 

Soca
1
, Mariana Carriquiry

1 5 

 6 

*Corresponding autor: jgomezabala@gmail.com 7 

1

Departament of Animal Production and Pastures, School of Agronomy, Universidad de 8 

la República, Uruguay. 9 

Alberto Casal alcas@adinet.com.uy 10 

Martín Do Carmo martindocarmocorujo@gmail.com  11 

Soledad Orcasberro soleorcasberro@gmail.com 12 

Pablo Soca psocape@gmail.com 13 

Mariana Carriquiry mariana.carriquiry@gmail.com 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

mailto:jgomezabala@gmail.com
mailto:alcas@adinet.com.uy
mailto:martindocarmocorujo@gmail.com
file:///C:/Users/Jimena/AppData/Roaming/Microsoft/Word/soleorcasberro@gmail.com
file:///C:/Users/Jimena/AppData/Roaming/Microsoft/Word/psocape@gmail.com
mailto:mariana.carriquiry@gmail.com


   2 
 
 

 

Abstract 22 

The energy partitioning between total heat production (HP) and retained energy 23 

(RE) on the efficiency of energy use was evaluated throughout the annual production 24 

cycle (gestation-lactation) of 46 multiparous beef cows grazing on two herbage 25 

allowances (HA) of Campos grassland (4 vs. 7 kg dry matter/kg body weight; BW; LO 26 

vs. HI). Total RE was greater (P < 0.01) for HI than LO cows and presented minimum 27 

values during early gestation and maximum values during early lactation associated to 28 

the greater (P = 0.02) RE-milk in the former ones. Whole-animal HP, estimated by the 29 

heart rate-O2 pulse technique, and cow metabolized energy (ME) intake did not differ 30 

between HA treatments, but relative to BW0.75, HP was greater (P = 0.04) for LO than 31 

HI cows. Total HP and ME intake were minimum in gestation and maximum in early 32 

lactation and ME intake was greater during early lactation for HI than LO cows, and per 33 

unit of BW0.75, tended (P < 0.10) to be less for HI than LO cows in winter. The energy 34 

efficiency of the annual cycle was not affected by treatments (0.19 vs. 0.12 ± 0.02 for 35 

HI and LO respectively; P > 0.10) and there were no differences between treatments in 36 

terms of grams of calf per MJ of ME intake (P > 0.10). Management of grazing 37 

intensity of Campos grasslands with high herbage allowance improved energy balance 38 

of the beef cow-calf system through partitioning of cow ME intake towards RE instead 39 

of maintenance. 40 

Keywords energy efficiency, beef cows-calf systems, grazing 41 

Introduction 42 

Campos region is the largest ecological unit of native grasslands in South 43 

America (FAO, 2005) where grassland-based livestock production is one of the most 44 
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important agricultural activities of the region, having a significant contribution to the 45 

world beef meat industry (FAOSTAT, 2017). Cow-calf operations are often conducted 46 

in extensive grazing production systems in which nutrient availability - biomass 47 

production and pasture chemical composition - fluctuates according with seasonal 48 

changes in rainfall and temperature (Berretta et al., 2000). This variation throughout the 49 

year affects, among other factors, affects beef cow energy intake (Aharoni et al. 2013) 50 

and maintenance requirements (Brosh, 2007). Particularly, in winter and early spring 51 

when forage availability and production are low and beef cow energy requirements rise 52 

due to gestation and early lactation, a negative energy balance is stablished (Laporta et 53 

al., 2014). This negative energy balance is reflected in low body condition score (BCS) 54 

at calving and breeding season (Soca et al., 2013a; Do Carmo et al., 2016) and 55 

determines extended postpartum anestrus, early embryonic death, and reduced 56 

pregnancy and weaning rates, explaining reduced reproductive and productive responses 57 

(Hess et al., 2005; Soca et al., 2014).  58 

Beef cow-calf systems are long-term energetically inefficient as they use 70-59 

75% of the energy intake for animal maintenance (Ferrell and Jenkins, 1985; Montaño-60 

Bermudez et al.,1990). The partition of energy between maintenance and production is 61 

associated with energy balance (Dickerson, 1978) and when it favors production and 62 

reproduction, results in a greater productive efficiency of grazing cow-calf systems 63 

(Soca et al., 2013b; Do Carmo et al., 2016). Several factors affect the cost of 64 

maintenance, some inherent to animal characteristics such as genotype, physiological 65 

stage, BCS and body composition, and others related to external conditions such as 66 

climate, pastures chemical composition and grazing activity (NASEM, 2016). The 67 
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control of energy costs for maintenance has a direct impact on the improvement of feed 68 

efficiency as well as environmental sustainability in beef cow-calf operations.  69 

Reducing grazing intensity of native pastures, through increased herbage 70 

allowance (HA), increased forage mass, height and growth of native pastures in 71 

Campos, allowing maintenance of stocking rate and increasing cow energy intake, body 72 

weight (BW), BCS, and kilograms of calf weaned of cow-calf systems when compared 73 

with low HA (Do Carmo et al., 2018). Also, retained energy (gestation, milk, BW, 74 

BCS) as a proportion of the total energy intake in cows grazing high HA increased, 75 

thus, a dilution of the energy cost of maintenance was expected, which improved 76 

biological efficiency (Do Carmo et al., 2018). In addition, an increase in HA of native 77 

grasslands, affected gastrointestinal tract organ mass, cellularity, or gene expression of 78 

mitochondrial proteins which could be related with regulation of energy utilization and 79 

efficiency (Casal et al., 2014). In addition, herbage mass and height affected animal 80 

behavior and thus, energy cost of grazing in steers grazing cultivated pastures (Di 81 

Marco et al., 1996). Previous work in beef cows reported that both, average daily energy 82 

expenditure and metabolized energy (ME) intake, during the annual cycle of gestation-83 

lactation was greater for beef cows grazing at low vs. high stocking rate (Brosh et al., 84 

2006; Aharoni et al., 2004).  85 

In order to estimate correctly energy requirements of breeding cows on grazing 86 

conditions more information on energy expenditure and efficiency of breeding cows 87 

throughout their annual production cycle as well as of the result of their grazing 88 

management is needed (Brosh, 2007; NASEM, 2016). Our hypothesis was that the 89 

greater production efficiency of beef cows grazing high-HA is associated not only to 90 

increased energy intake but also to decreased energy maintenance requirements, 91 
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especially during winter gestation when forage mass and height decreased when 92 

compared with cows grazing low-HA. Therefore, the objective of the present study was 93 

to evaluate the effect of grazing intensity of Campos grassland, through management of 94 

HA, on energy partitioning between total heat production (HP) and retained energy 95 

(RE) and on the efficiency of energy use during the annual production cycle (gestation-96 

lactation) of beef cows. 97 

Material and methods 98 

Experimental site 99 

The experiment was conducted on 95 ha of Campos grassland located at the 100 

Experimental Station Bernardo Rosengurtt (School of Agronomy, Universidad de la 101 

República, Uruguay, 32°S, 54°W) and lasted from March 2017 to May 2018. Average 102 

annual rainfall is almost 1200 mm, and the climate type is classified as Cfa (subtropical, 103 

humid, without dry season, where mean temperature in the coldest month is between −3 104 

and 18°C and the warmest is above 22°C) according to Köppen (Panario and Bidegain, 105 

1997). Native pastures were dominated by summer-growing C4 grasses (Poaceae), with 106 

few C3 grasses associated with the winter cycle. The main for families included 107 

Asteraceae, Fabaceae, Rubiaceae and Umbelliferae, similar to Campos grassland 108 

botanical composition (Altesor et al., 1998). 109 

Animals and experimental design 110 

Forty-six multiparous pregnant beef cows of 5 years old (Hereford, Angus, and 111 

crossbred; average calving date 11/02/17  13 days) were used in a randomized block 112 

design with two blocks (block 1: sandy loam soil, 59 ha and block 2: clay loam soil, 47 113 

ha) and four plots in each block into which two treatments of HA (high and low; HI and 114 
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LO) were allocated (n = 23 per HA). The HA, defined as the ratio between forage mass 115 

and stocking rate (kg of dry matter (DM) per kg of BW; Sollenberger et al., 2005), 116 

represented 8 and 5 kg DM/kg BW of annual mean (for HI and LO, respectively) and 117 

varied with season of year (Table 1). Chemical composition for different herbage 118 

allowance treatments did not differ and average 89%, 7.5% and 35% for OM, CP, and 119 

ADF, respectively. Herbage mass (kg DM/ha) was estimated monthly by the 120 

comparative yield method (Haydock & Shaw, 1975). A continuous stocking method 121 

was applied throughout the year, and HA in each plot was adjusted monthly by the ‘put-122 

and-take method’ (Mott, 1960). Experimental cows were maintained in the same plot 123 

throughout the experiment, and ‘put-and-take’ cows were added or removed on the 124 

basis of herbage mass available to adjust forage allowance and thus, stocking rate. Cows 125 

did not receive any additional feed throughout the experiment except during the first 20-126 

d of the breeding season during which cows were supplemented with 2 kg/cow on a 127 

fresh basis of rice middling (Oryza sativa; 86.5% DM, 13.5% CP, 44% NDF, and 128 

13.5% ether extract) and were suckling restricted for 14 d (for details see Do Carmo et 129 

al., 2018). Cows grazed on the same HA (HI or LO) from May 2016.  130 

Data and sample collection 131 

Cows’ BW and BCS (scale 1 to 8; Vizcarra et al., 1986) were determined every 132 

month by the same observer throughout the experiment. Calf weight was determined at 133 

birth and monthly until weaning (05/02/2018; 181  13 days of age). Milk yield and 134 

composition were individually measured at 50 and 180  13 days of lactation by 135 

machine-milking (Quintans et al., 2010) and milk samples were collected and 136 
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subsequently analyzed for fat, protein and lactose by a milk analyzer mid-infrared 137 

spectrophotometry (NIRS, Milko-Scan, Fross Electric, HillerØd, Denmark). 138 

Heat production measurements 139 

At the end of the fall (second third of gestation; -145  4 days relative to 140 

calving), end of the winter (last third of gestation; -75  4 days relative to calving), mid-141 

spring (start of breeding season and lactation; +50  4 days relative to calving) and end 142 

of summer (breeding season and lactation; +175  4 days relative to calving) heat 143 

production (HP) was determined individually using the heart rate (HR) - oxygen (O2) 144 

pulse technique (O2P) (Brosh et al., 1998). The HR-O2P techinque which was validated 145 

to estimate HP for different ruminant species, diets and environmental conditions 146 

(Brosh, 2007) and recently used for measuring HP in grazing dairy cows (Jasinsky et 147 

al., 2019: Talmon et al., 2020). This technique is based on the indirect estimation of HP 148 

by O2 consumption (VO2) measurement calculated as VO2 = HR × O2P where O2P is 149 

the amount of O2 consumed per heartbeat. 150 

Heart rate (HR; beats/min) was measured continuously for 4 d per animal using 151 

HR monitors (Polar RCX3, Electro Oy, Kempele, Finland) with a transmitter Polar 152 

WearLink® (Polar Electro Oy) and a data logger programmed to record HR at 5 s 153 

intervals. The devices were attached to the thorax behind the forelegs by means of a 154 

specifically designed elastic belt. To calculate the O2P (mL O2/beat per kg BW0.75), in a 155 

short-term interval (10 to 15 min), the HR and O2 consumption (mL O2/kg BW0.75 per h) 156 

were measured simultaneously, at 1 s intervals, in each cow. Oxygen consumption was 157 

measured using a facemask open-circuit respiratory system (Fedak et al., 1981), with a 158 

paramagnetic oxygen analyzer (SERVOPRO 1440, Crowborough, East Sussex, United 159 
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Kingdom). The O2P was measured immediately after the HR measurement period (2 160 

days between 06:00 and 15:00 h). The accuracy of the system was checked 161 

gravimetrically by nitrogen injection (N2 recovery) into the facemask (McLean and 162 

Tobin, 1990); N2 recovery testing was performed at least three times in each day of 163 

measurement to confirm the entire system calibration and averaged 0.86±0.02 along the 164 

experiment.  165 

Daily average HP and HP throughout the day were quantified from the 166 

individual HR, O2P and 20.47 kJ/L constant of O2 consumed (Nicol and Young, 1990) 167 

according to the following equations (Brosh, 2007):  168 

Daily HP (MJ / cow per day) = specific HP (kJ kgBW0.75/d) x BW0.75 (kg) / 169 

1000; where specific HP (kJ/kg BW0.75 per day) = HP (beats/min) x O2P (mL/beats per 170 

kg BW0.75) x (20.47 kJ/L O2 consumed/1000) x 60 x 24. 171 

During second third of gestation (-145 ± 4 days relative to calving; end of fall) 172 

and last third of gestation (-75 ± 4 days relative to calving; end of winter) the mean 173 

temperature and humidity index was 15.0 ± 2.2 ºC, 83.4 ± 6.5 % and 15.8 ± 2.8 ºC, 78.6 174 

± 10.9 % respectively. At the start of breeding season and lactation (+50 ± 4 days 175 

relative to calving; mid-spring) and breeding season and lactation (+175 ± 4 days 176 

relative to calving; end of summer) the mean temperature and humidity index was 25.7 177 

± 3.6 ºC, 58.4 ± 10.7 % and 19.2 ± 2.3 ºC, 76.31 ± 10.2 % respectively. Thus, during 178 

spring and summer measurements (+50 and +175 days) if corresponded, O2P was 179 

corrected for the effect of temperature humidity index (THI) on O2P (Aharoni et al., 180 

2003).  181 
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Calculations and statistical analyses 182 

Data from -14 to 14 days around HP measurements were used for energy 183 

balance calculation. Retained energy for gestation (fetus + gravid uterus; RE-gest) was 184 

estimated from calf birth weight and days of gestation (NASEM, 2016) while RE for 185 

lactation (RE-milk) was estimated from milk yield and composition using the 186 

coefficients of 38.5, 23.8, and 17.5 MJ/kg of fat, protein, and lactose, respectively. The 187 

RE in body reserves (RE-tissue) was estimated from the changes in BW and BCS 188 

(NASEM, 2016). Total RE was calculated as sum of RE-gest or RE-milk and RE-tissue. 189 

Metabolize energy (ME) intake was estimated as the sum of total HP and total RE and 190 

individual gross energy efficiency was calculated as total RE divided by ME intake.  191 

Data were analyzed using the SAS Systems program (SAS® University Edition, 192 

SAS Institute, Inc., Cary, NC, USA) using a mixed model with a repeated measure 193 

analysis using the MIXED procedure. The model included HA (HI vs. LO), 194 

measurement period (-145, -75, +50 vs. +175 days relative to calving) and their 195 

interaction as fixed effects, block, plot within block and cow as random effects and 196 

calving date as a covariate. Calf birth weight and cow average milk yield and 197 

composition were analyzed with a model that included only HA as fixed effect. The 198 

UNIVARIATE procedure was used to identify outliers and verify normality of 199 

residuals. The relationships between the different variables were studied through 200 

correlation and regression analysis. For all variables, mean separation was performed 201 

using Tukey test (α=0.05). Pearson correlation coefficients to describe relationships 202 

between variables were estimated using the CORR procedure. Results are presented as 203 

least square means ± pooled S.E. 204 
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Results 205 

Productive responses and energy partitioning during the gestation-lactation cycle 206 

During the annual cycle, forage mass and height differed between HA treatments 207 

(2532 vs. 1790 ± 237 kg DM/ha; P = 0.03 and 6.5 vs. 4.4 ± 0.5 cm; P = 0.04 for HI and 208 

LO respectively) and between seasons (Table 1) with lower values of forage mass for 209 

winter and spring. In accordance with herbage allowance, cow BW and BCS were low 210 

during winter and increased during spring and summer (P < 0.01; Figure 1A-B) and 211 

while BW tended (P = 0.08) to be greater for HI than LO cows, BCS did not differ 212 

between HA treatments (Table 2). However, BW was greater (P < 0.05) for HI than LO 213 

cows on summer. 214 

 Calf birth and weaning weight did not differ between HA treatments (Table 2) 215 

and cow milk production although did not differ between HA treatments (P = 0.69; 216 

Table 2), decreased (P < 0.01) from 50 to 180 days (6.9 vs. 4.5 ± 0.3 kg). Milk fat and 217 

lactose contents decreased (P ≤ 0.05) from 50 to 180 days (3.3 vs. 2.6 ± 0.2 and 5.0 vs. 218 

4.4 ± 0.2, respectively). In addition, milk protein percentage tended (P = 0.09) to be less 219 

in HI than LO cows while milk fat percentage was greater (P = 0.03) for HI than for LO 220 

at early lactation (day 50 relative to calving, spring; 3.6 vs. 2.9 ± 0.2). 221 

Total RE was greater (P < 0.01) for HI than LO cows and was affected by days 222 

relative to calving (P < 0.01), with minimum values during early gestation in fall (-145 223 

± 4 days relative to calving) and maximum values during early lactation in spring (50 224 

days relative to calving) (Table 2; Figure 2A). However, total RE tended (P = 0.07) to 225 

be affected by the interaction between HA and days as there were no differences 226 

between HA treatments during gestation (fall-winter) but it was greater (P < 0.05) 227 
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during lactation (spring-summer) for HI than LO cows associated to their greater (P = 228 

0.02) RE-milk (Table 2; Figure 2A).  229 

Whole-animal HP (MJ/d) and cow ME intake (MJ/d) did not differ between HA 230 

treatments and were affected by days relative to calving as they were minimum in 231 

gestation (fall-winter) and maximum in early lactation (spring) (Table 2; Figure 2B). 232 

However, ME intake was affected by the interaction between HA and days relative to 233 

calving (P = 0.04) as differences during early lactation (spring) were more evident for 234 

HI than LO cows (Figure 2C).  235 

Energy partitioning during the gestation-lactation cycle per unit of metabolic body 236 

weight 237 

Heart rate was not affected by HA and increased (P < 0.01) during late gestation 238 

in winter (at -75 days) and early lactation in spring (at +50 days). Nevertheless, O2P was 239 

lower (P < 0.01) for HI than LO cows (Table 3) and decreased (P < 0.01) during late 240 

gestation in winter (at -75 days) when compared with other periods evaluated. When 241 

expressed in terms of metabolic BW (kJ/kg BW0.75 per day), total RE tended to be 242 

greater (P = 0.06) for HI than LO cows, was affected by days relative to calving (P < 243 

0.01) and tended (P = 0.06) to be affected by the interaction between HA and days as it 244 

did not differ between HA treatments during gestation (fall-winter) but were greater (P 245 

< 0.05) during lactation (spring-summer) for HI than LO cows (Table 3; Figure 3A). 246 

Heat production per unit of BW0.75 was greater (P = 0.04) for LO than HI cows (Table 247 

3) and decreased (P < 0.05) in winter, especially for cows grazing HI-HA (Figure 3B). 248 

In addition, ME intake (kJ/kg BW0.75 per day) did not differ between HA treatments and 249 

was affected by days relative to calving as they were minimum in gestation (fall-winter) 250 
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and maximum in early lactation (spring) (Table 3; Figure 3C). However, ME intake 251 

tended (P < 0.10) to be less in winter and greater in spring for HI than LO cows.  252 

Energy efficiency during the gestation-lactation cycle 253 

Energy efficiency for the gestation-lactation cycle evaluated (320 days), 254 

calculated as the relation between the total RE and ME intake, tended to be greater (P < 255 

0.10) for HI than LO-HA (0.19 vs. 0.12 ± 0.02). However, biological efficiency did not 256 

differ between HA when estimated as either grams of calf weaned, per MJ of ME intake 257 

(6.8 vs. 7.6 ± 0.6 g/MJ for HI and LO, respectively) or grams of calf produced per ME 258 

intake per unit of cow BW0.75 (0.67 vs. 0.73 ± 0.07 grams of calf /kJ of ME intake per 259 

kg BW0.75 for HI and LO, respectively).  260 

Discussion 261 

Energy partitioning during the fall and winter gestation 262 

Although in winter and early spring, when requirements rise due to gestation and 263 

early lactation (NASEM, 2016) and ME intake could be limited (Laporta et al., 2014; 264 

Casal et al., 2014), the deferment of herbage from previous growing season to winter 265 

through the HA management prevented, in this study, the negative energy balance, as 266 

herbage intake increased with herbage mass (Do Carmo et al., 2021). In the present 267 

study, losses of BW and BCS in winter were minimal (less than 0.25 units of BCS). 268 

Indeed, RE-tissue, either measured as MJ/d or kJ/BW0.75 per day, during fall and winter 269 

gestation was not different from zero for both, HI and LO cows, indicating that in 270 

average cows were at maintenance. In the present work, HA in which was based the 271 

management of grazing intensity, was 1.6-fold greater (especially in spring) than in 272 

previous studies in cow-calf systems (Do Carmo et al., 2018), determined that herbage 273 
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mass and height was incremented for both HA treatments in fall (2-fold greater) and 274 

winter (3-fold greater). 275 

The greater herbage mass and height determined a ME intake 35% greater than 276 

the reported previously for beef cows grazing Campos grassalands during fall and 277 

winter gestation (Laporta et al., 2014) which allowed cows to reach energy maintenance 278 

requirments. Indeed, although cow ME intake was minimum in fall and winter 279 

gestation, ME intake per unit of BW0.75 was in agreement with previous research that 280 

allowed maintenance of the beef cows during gestation (376 kJ/kg BW0.75 per day; 281 

Houghton et al., 1990; Freetly et al., 2000). As expected, in agreement with the high 282 

correlation between HP and ME intake (Brosh, 2007), HP during fall and winter 283 

gestation decreased when compared with spring and fall. Heat production reported here 284 

during gestation (~550 kJ/kg BW0.75 per day) were in the range of reported values of HP 285 

for beef cows at maintenance (Brosh et al., 2002, 2004). Reduced HP per unit of BW0.75 286 

for HI than LO cows in winter was associated with a reduced O2P as no differences 287 

between HA treatments in HR were observed during this season. Similarly, Brosh 288 

(2007) determined increased HP due to greater O2P, without changes in HR, for grazing 289 

vs. confined cows, probably due to short-term effects of exercise. Thus, this could be 290 

related to greater animal activity (walking grazing and bite rate) for LO than HI cows as 291 

reported by Machado et al. (2017). Moreover, total HP is the sum of HP for 292 

maintenance (HPm) and HP for production (HPp) (Miron et al., 2008). As total RE did 293 

not differ between HA treatments during fall-winter gestation but total HP was 25% less 294 

for HI than LO cows, it could be expected that HPp was maintained while HPm 295 

decreased for HI than LO cows. Thus, the greater ME intake for LO vs. HI cows, 296 
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explained by a lower stocking rate, was used for maintenance in detriment of greater 297 

production (calf birth weight or RE in body tissue).  298 

Previous research has indicated that the energy expenditure for walking and 299 

grazing was greater than for ruminating and resting (Susenbeth et al., 1998, 2004). 300 

During winter, HI cows walked less than LO cows (5 vs. 24 ± 11 minutes per day, P ≤ 301 

0.05; Machado et al., 2017) and although they did not present differences in the 302 

probability of grazing or in grazing time, they had a reduced bite rate than LO cows (43 303 

vs. 56 ± 4 bite/min, P = 0.05; Machado et al., 2017). In fact, Di Marco and Aello (2001) 304 

indicated bite rate is considered the most expensive component in grazing activity (Di 305 

Marco and Aello, 2001; Brosh et al., 2006) showed in Aberdeen Angus steers grazing 306 

cultivated pastures that HP can increase between 8 and 52% above basal metabolism 307 

depending on grazing conditions (herbage mass and height). On the other hand, Piaggio 308 

et al. (1995) showed that greater HA, increased selectivity that in turn, increased forage 309 

digestibility. Approximately 50% of maintenance costs are related to the mass and 310 

metabolic activity of the gastrointestinal viscera and liver due to the processes of 311 

feeding, chewing, fermentation and digestion, as well as the absorption and metabolism 312 

of digested nutrients; therefore, as food digestibility increases, maintenance costs 313 

decrease (Nkrumah et al., 2006; Reynolds et al., 2011). Thus, it could be suggested that 314 

in winter, the better management of grazing intensity for HI than LO, was reflected in a 315 

higher herbage mass with equal HA and a higher sward structure (Machado et al., 2017; 316 

Do Carmo et al., 2018) that allowed cows to decrease grazing time and increased 317 

selectivity for higher-quality - more digestible - forage, decreasing energy maintenance 318 

requirements, therefore, RE was equal for HI and LO cows. 319 
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Energy partitioning during the spring and summer lactation 320 

Along with the increase in energy requirements for lactation, herbage production 321 

and its energy concentration are maximum during spring and summer as Campos 322 

grasslands are dominated by C4 species (Do Carmo et al., 2018). In the present study, 323 

rainfall in early spring was below the historical average (22 vs. 102 mm in November), 324 

thus, herbage mass accumulation was delayed, reaching maximum in summer. 325 

However, HA for both, HI and LO treatments, was the greatest in spring when 326 

compared with the other seasons, which probably allowed cows to maximize herbage 327 

intake. Cow BCS and BW were greater in spring and summer than in fall-winter in 328 

agreement with greatest HA (Do Carmo et al., 2018). Moreover, RE-tissue, measured as 329 

both MJ/d or kJ/BW0.75 per day, indicated that cows for both, HI and LO, were in 330 

positive energy balance. Total RE was greater in spring-summer than in fall-winter due 331 

to RE-milk as milk peak yield occurred in early lactation for beef cows grazing Campos 332 

(Espasandin et al., 2016). In agreement with the increased total RE, cow ME intake was 333 

almost 42% greater in spring and summer than in fall and winter as both, energy 334 

demands due to lactation and HA, increase. In contrast to winter, both, RE- milk and 335 

ME intake were greater for HI than LO, especially during spring, and they were greater 336 

than the reported previously for Laporta et al. (2014; 62 and 53 MJ/d of ME intake and 337 

4.9 and 4.0 ± 0.3 kg/d of milk with milk production at day +60 for HI and LO cows, 338 

respectively). 339 

Although during lactation in spring and summer, total HP (kJ/kg BW0.75 per day) 340 

increased as ME intake increased, it was less than the reported previously for grazing 341 

lactating beef cows (Brosh et al., 2004; 2006; Brosh, 2007). The lower total HP of the 342 

present study was associated with a reduced cow HR, without changes in their O2P. The 343 



   16 
 
 

 

lower HR and total HP was associated with reduced ME intake (300-700kg MS/ha of 344 

herbage allowance; Brosh 2006; and quality 6.28-10.5 MJ; 40-170gr /kg MS PC). 345 

In contrast with Brosh et al. (2006), although LO cows had an increased O2P, 346 

greater intensity of pasture grazing did not affect total HP. However, total RE was 1.5-347 

fold greater for HI than LO cows, thus, it could be expected that HPp was increased 348 

while HPm was decreased for HI than LO cows during this period, and that greater 349 

proportion of the increased ME intake was partitioned towards production – body and 350 

milk RE - instead maintenance.  351 

Energy efficiency during the gestation-lactation cycle 352 

Consistent with the greater total RE and decreased maintenance costs (Ferrell 353 

and Jenkins, 1985), gross energy efficiency calculated as the ratio of total RE to ME 354 

intake, tended to be greater in HI than LO cows, especially during lactation, explained 355 

by the greater milk yield of the former ones (Gutierrez et al., 2013). However, the 356 

biological production efficiency calculated as the relationship between the grams of calf 357 

with the ME consumption per unit of BW0.75, was not different between the treatments. 358 

This discrepancy was probably associated, among other factors, with calf milk 359 

consumption vs. cow milk production, either due to later weaning, when calves were 360 

already grazing and were not totally dependent on lactation (Wright and Russel, 1987) 361 

or when their growth potential decreased (Greenwood and Cafe, 2007). The young 362 

calves can start consuming forage at a very young age; they learn foraging skills from 363 

their peers, and intake of forage increases with reduced milk supply around weaning 364 

(Tedeschi and Fox, 2009). Besides, previous reports indicated biological efficiency was 365 

2.7 and 3.7 g/MJ for Hereford and Aberdeen Angus, respectively, with an intake of 366 
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3000 kg of dry matter per year wich represents 77.4 MJ per day (Jenkins and Ferrell, 367 

1994), and between 3.6 and 5.7 g/MJ with an ME intake of 455 and 473 kJ/kg BW0.75 368 

per day, respectively (Do Carmo et al. 2016). It could be suggested that the ME intake 369 

reported in the present study (1.5 fold greater than Do Carmo et al., 2016) allowed to 370 

reach greater efficiencies. 371 

Brosh et al. (2004) related values of HP, ME intake (with values between 600 372 

and 1900 kJ/kg BW0.75 per day) and RE in a prediction equation, where HP = 0.375x + 373 

328 (R2=0.792) and RE = 0.625x – 328 (R2=0.914). When HP and total RE values 374 

obtained in this study for fall-winter gestation indicated fasting HP of 361 and 309 375 

kJ/kg BW0.75 per day and km of 0.568 and 0.658, respectivly; and for spring-summer 376 

lactation indicated fasting HP of 317 and 314 kJ/kg BW0.75 per day and km of 0.638 and 377 

0.643, respectivly. The values reported in the present study are similar than reported by 378 

NASEM (321 kJ/kg BW0.75 per day and 0.60 for fasting HP and km, respectivly) and 379 

CSIRO (337 kJ/kg BW0.75 per day and 0.72 for fasting HP and km, respectively). 380 

Conclusions  381 

In the present study, HA did not improved ME intake in the annual production 382 

cycle, however, total RE was higher for HI cows explained by a decreased in energy 383 

maintenance requirements, through partitioning of cow ME intake towards RE tissue 384 

and/or milk instead of maintenance. Differences in the management of herbage 385 

allowance between treatments improved in HI-HA greater herbage mass and height in 386 

fall, therefore, with equal HA between treatments in winter, but with higher forage mass 387 

and stocking rate for HI than LO treatment, it allowed cows to be at maintenance with a 388 

lower ME intake compared with LO cows which could be probably associated to 389 
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differences in grazing activity. The greater gross energy efficiency for HI than LO 390 

treatment was not reflected in an increased biological efficiency (g calf per MJ of ME 391 

intake) for cows grazing increased herbage allowance. On the other hand, our results 392 

would indicate that energy requirements and energy efficiency of breeding beef cows 393 

grazing Campos grasslands are in agreement with international feeding systems 394 

(NASEM and CSIRO). 395 
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Fig. 1. Least square means and s.e.m. for cow body condition score (BCS; 8-point 603 

scoring system, 1 = thin to 8 = obese); (a) and body weight (BW; b) throughout the 604 

gestation–lactation cycle (−145 to 175 days relative to calving) in beef cows grazing 605 

high (solid symbols and lines) and low (open symbols and dashed lines) herbage 606 

allowances (8 and 5 kg dry matter (DM)/kg BW of annual mean, respectively) of native 607 

grasslands (n = 46). Asterisks denote days in which cow BCS differed (P <0.05), and 608 

cross denote days in which cow BW tended to differed (P <0.1), between high and low 609 

herbage allowances. 610 

 611 

Fig 2. Total retained energy (RE; a), total heat production (HP; b) and metabolized 612 

energy intake (MEI = Total RE + HP, c) in beef cows grazing high (black bars) and low 613 

(white bars) herbage allowances (8 and 5 kg dry matter (DM)/kg BW of annual mean, 614 

respectively) of native grasslands throughout the gestation-lactation cycle. Letters 615 

denote least square means differences (P <0.05) and asterisks indicate a tendency (P 616 

<0.1) for the interaction between treatments and days relative to calving. 617 

 618 

Fig 3. Total retained energy (RE; a), total heat production (HP; b) and metabolized 619 

energy intake (MEI = Total RE + HP, c) per unit of metabolic BW in beef cows grazing 620 

high (black bars) and low (white bars) herbage allowances (8 and 5 kg dry matter 621 

(DM)/kg BW of annual mean, respectively) of native grasslands throughout the 622 

gestation-lactation cycle. Letters denote least square means differences (P <0.05) and 623 

asterisks indicate a tendency (P <0.1) for the interaction between treatments and days 624 

relative to calving. 625 



Figures

Figure 1

Least square means and s.e.m. for cow body condition score (BCS; 8-point scoring system, 1 = thin to 8 =
obese); (a) and body weight (BW; b) throughout the gestation–lactation cycle (−145 to 175 days relative
to calving) in beef cows grazing high (solid symbols and lines) and low (open symbols and dashed lines)
herbage allowances (8 and 5 kg dry matter (DM)/kg BW of annual mean, respectively) of native
grasslands (n = 46). Asterisks denote days in which cow BCS differed (P <0.05), and cross denote days in
which cow BW tended to differed (P <0.1), between high and low herbage allowances.



Figure 2

Total retained energy (RE; a), total heat production (HP; b) and metabolized energy intake (MEI = Total RE
+ HP, c) in beef cows grazing high (black bars) and low (white bars) herbage allowances (8 and 5 kg dry
matter (DM)/kg BW of annual mean, respectively) of native grasslands throughout the gestation-lactation
cycle. Letters denote least square means differences (P <0.05) and asterisks indicate a tendency (P <0.1)
for the interaction between treatments and days relative to calving.



Figure 3

Total retained energy (RE; a), total heat production (HP; b) and metabolized energy intake (MEI = Total RE
+ HP, c) per unit of metabolic BW in beef cows grazing high (black bars) and low (white bars) herbage
allowances (8 and 5 kg dry matter (DM)/kg BW of annual mean, respectively) of native grasslands
throughout the gestation-lactation cycle. Letters denote least square means differences (P <0.05) and
asterisks indicate a tendency (P <0.1) for the interaction between treatments and days relative to calving.
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