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Simple Summary: Sustainability in livestock production includes the use of strategies to reduce
natural resource requirements. In this study, we investigated the relationship among feed efficiency,
water efficiency, ingestive behavior, performance, and carcass traits in beef cattle. The results revealed
interesting aspects of both feed efficiency and water efficiency on ingestive behavior and growth
traits. The combined use of residual water intake and residual feed intake is an important option
available for improving the environmental sustainability of beef cattle production that could be used
in animal breeding programs.

Abstract: Feed and water efficiency are important traits to improve beef cattle production’s economic
and environmental sustainability. This study evaluated residual feed intake (RFI) and residual water
intake (RWI) and their relationship with performance, ingestive behavior, and carcass traits in Caracu
beef cattle. The data were analyzed using a generalized linear model with least squares means. The
ingestive behavior, performance, and carcass traits were influenced by sex (p < 0.05). Males showed
higher dry matter intake (DMI), average daily gain (ADG), mid-test metabolic weight (BW0.75), rib
eye area, and rump fat thickness than females, besides spending more time drinking and eating. Low
RFI animals exhibited higher DMI than high RFI animals. Low RWI animals ingested 3.89 L/d of
water further than high RWI animals. The interaction between sex and RWI influenced the DMI,
BW0.75, and backfat thickness. The ingestive behavior of low and high RFI animals was similar,
although high RWI animals visited a smaller number of drinkers than low RWI animals. Water intake
positively affects productive efficiency, and the combined use of RWI and RFI may help improve the
selection of more efficient animals contributing to reducing the costs of beef cattle production and
improving environmental sustainability.

Keywords: feeding rate; residual feed intake; residual water intake

1. Introduction

The effects of climate change on water availability are a matter of growing concern
that pressures livestock production for more efficient sustainable agricultural practices.
Water intake (WI) is a poorly explored measure in livestock research, which is influenced
by various factors such as climate, diet, and body weight, as well as the physiological
state of the animal [1]. Studies with taurine cattle breeds showed that WI is positively
correlated with average daily weight gain [2,3]. However, further studies on water intake
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and feed efficiency are needed to determine whether the former could be an indicator trait
of feed efficiency.

Feed corresponds to a large part of the total costs of beef production and the adoption
of selection criteria for feed efficiency by breeding programs has gradually increased around
the world, making beef cattle production systems more profitable by reducing production
costs and by increasing production [4]. In addition, improving feed efficiency has positive
environmental impacts by reducing greenhouse gas emissions and solid waste [5,6]. Several
feed efficiency measures have been proposed to better balance the relationship between
feed intake and performance in beef cattle. Residual feed intake (RFI), proposed in the
1960s, is a widely used feed efficiency measure because it is considered to be independent
of the growth and body size of animals. This trait is determined as the difference between
the observed feed intake and the expected feed requirements for the maintenance of body
weight and performance [7].

Studies have reported variations in feed efficiency phenotypes for animals of the same
breed and under the same diet [1,8–10]. These findings may be explained by the fact that
this trait is controlled by various physiological processes such as feed intake, digestion,
metabolism, and thermoregulation [8]. The individual variation observed in feed efficiency
can also be influenced by characteristics such as temperament, stress, appetite, ingestive be-
havior (water and food), oxygen consumption, energy waste, and thermotolerance [11–13].
According to Montanholi et al. [14], ingestive behavior plays an important role and could
explain 18% of the total phenotypic variation for RFI.

Ingestive behavior traits allow for determining feeding patterns, which have been
described to be strongly correlated with feed efficiency traits [15,16]. Positive and moderate
phenotypic correlations between feeding behavior and RFI have been reported [5,9,17].
Studies have shown that high-efficiency animals (low RFI) spend less time on feed-related
activities than low-efficiency animals (high RFI) [15,16,18].

A positive correlation between RFI and subcutaneous fat was observed in Nelore
bulls [19]. Therefore, according to Santana et al. [19], more efficient animals for RFI may
have lower subcutaneous fat deposition in the carcass. A study with Senepol bulls showed
that low RFI animals had a lower rump fat thickness (RF), although the size reduction was
not accompanied by a reduction in backfat thickness (BF) [16]. On the other hand, several
authors have observed phenotypic correlation ranged 0.03 to 0.16 between RFI and carcass
traits [11,20,21].

The variability in cattle feed efficiency traits has been described in the literature, but
their association with water efficiency and ingestive behaviors was little explored. Thus, the
aim of the study was to evaluate the effects of feed and water efficiency and behavior traits
on both performance and carcass traits of Caracu (Bos taurus taurus), which has the largest
effective herd among the Brazilian Creole breeds, in order to elucidate the relationship
between efficiency and behavior traits and how it can affect carcass and performance traits.

2. Materials and Methods
2.1. Animals and Feed Efficiency Test

A total of 104 Caracu cattle (61 intact males and 43 females) from a single herd and
the same birth season were evaluated in the feed efficiency test. The animals were allowed
to adapt to the diet for 30 days before the beginning of the experiment. Water and feed
were supplied with Intergado® electronic feed bunks and drinkers (AF-1000 Master Gate,
Betim, Brazil) which determines individual feeding behavior and feed intake in cattle with
high specificity and sensitivity [22–24]. All animals were fitted with an ear tag containing a
unique passive transponder, allowing free access to the feed bunk or water troughs.

The feed efficiency test for the males lasted from 31 May to 15 August 2019 at an initial
age of 7.70 ± 0.75 months and an initial body weight (BWi) of 199.77 ± 4.77 kg. Females
were assessed from 16 August to 30 October 2019 at an initial age of 10.36 ± 0.72 months
and BWi of 246.23 ± 5.32 kg.
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2.2. Traits

The diet (Table S1) was formulated for 1200 kg/day to meet the maintenance and
growth requirements of the animals using the RLM 3.3 software (ESALQ, Piracicaba, Brazil).
The diet was offered twice a day (8:00 a.m. and 3:00 p.m.), and the volume was adjusted
daily to maintain 10% of leftovers in all troughs. The animals were weighed before the
beginning and after the end of the feed efficiency test, after fasting from feed and water for
16 h.

Diet samples were collected weekly. The samples were pre-dried for 72 h at 65 ◦C in
a forced ventilation oven and ground in a knife mill (Thomas Scientific, Swedesboro, NJ,
USA) using a 1-mm sieve for determination of the first dry matter (DM) content. Next, 2 g
of each ground sample was dried at 105 ◦C in a forced ventilation oven and then weighed
for determination of the second DM content (AOAC, Official Method 934.01, 1990). Samples
of each diet ingredient were collected weekly to analyze DM content.

Dry matter intake (DMI) was calculated as an average of daily feed intake (71 days
for males and 68 days for females), premultiplied by the weekly DM content of the diet
offered. The average daily weight gain (ADG) was obtained using the following formula:

γi = α + β ∗ DOTi + εi (1)

where γi is the weight of the animal in the ith observation; α is the intercept of the regression
equation that corresponds to the initial weight; β is the linear regression coefficient that
corresponds to ADG; DOTi is the days on test in the ith observation; and εi is the random
error associated with each observation. The mean mid-test metabolic body weight (BW0.75)
was obtained for each period as follows:

BW0.75 =

[
α +

(
1
2

ADG ∗ DOT
)]0.75

(2)

where α is the intercept of the regression equation that corresponds to the initial weight,
and DOT is the days on test. The RFI was obtained as proposed by Koch et al. [7]:

DMI = β0 +
(

βBw0.75 BW0.75
)
+ (βADG ADG) + ε (3)

where DMI is the observed dry matter intake; β0 is the intercept of the equation; BW0.75 is
the mean mid-test metabolic weight; βBw0.75 is the regression coefficient of BW0.75; ADG
is the average daily gain; βADG is the regression coefficient of ADG; and ε is the residual
(RFI). The animals were classified into two categories based on the RFI values obtained:
high-efficiency (RFI < 0) and low-efficiency (RFI > 0) animals.

Water intake (L/d) was measured daily and the residual water intake (RWI) was
calculated as the residual of the linear regression equation of average WI on DMI and
BW0.75 (RWIDMI), as described in Ahlberg et al. [25]. The animals were classified as high-
efficiency (RWI < 0) and low-efficiency (RWI > 0) animals.

The feeding rate (FR, kg/min) and drinking rate (DR, L/min) were evaluated and
divided into four periods of the day: dawn (00:00 to 5:59 a.m.), morning (6:00 to 11:59 a.m.),
afternoon (12:00 to 5:59 p.m.), and night (6:00 to 11:59 p.m.). The FR was calculated as the
ratio between DMI and the time the animal spent at the feed bunk. The DR was calculated
as the ratio between the volume of ingested water and the time the animal spent at the
water trough.

2.3. Ingestive Behavior and Carcass Traits

The following ingestive behavior traits were evaluated: drinking duration (DD,
min/d), feeding duration (FD, min/d), number of feeders visited per day (NF, number/d),
number of water troughs visited per day (NW, number/d), frequency of visits to the feed
bunks with intake (FVF, visits/d), and frequency of visits to the water troughs with intake
(FVW, visits/d).
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Studies suggest that the Intergado® system is a useful tool for monitoring feeding
and drinking behavior as well as water and feed intakes in young cattle [22,24]. The data
on animal behavior were continuously recorded and transferred to the Intergado® web
software via a general packet radio service (GPRS). The system included a backup battery
with up to five hours of energy when the main power fails. For each visit to the feed bunk
or water through, the system recorded the animal number, feed bunk, or water through
number, initial and final times, and weight to calculate the visit duration and the intake
(feed or water).

At the end of the feed efficiency test, rib eye area (REA), BF, and RF traits were
measured by ultrasound (Pie Medical 401347-Aquila, Esaote Europe BV, Maastricht, The
Netherlands) using a 3.5-MHz linear probe (18 cm). The ultrasound images were analyzed
using the Echo Image Viewer 1.0 program (Pie Medical Equipment BV, 1996). The REA
was measured transversely in the Longissimus thoracis muscle between the 12th and 13th
rib and is an indicator of carcass finishing and yield. The BF was also measured between
the 12th and 13th rib and quantified subcutaneous fat thickness in the L. thoracis muscle,
indicating the degree of carcass finishing. The RF was measured in the region between the
intersection of the Gluteus medius and Biceps femoris muscles and indicates the degree of
carcass finishing, associating growth precocity and finishing.

2.4. Statistical Analysis

The statistical analyses were performed using the SAS software (v. 9.4, SAS Institute
Inc., Carrey, NC, USA). Pearson’s correlation coefficient between the variables studied was
obtained with the CORR procedure. The daily mean values of the ingestive behavior traits
were obtained using the summary procedure.

The performance, behavior, and carcass traits were evaluated using the GLM pro-
cedure. The fixed effects of sex, RFI and RWI class, the interaction of RWI or RFI class
with sex, and the covariate of age were used to evaluate DMI, WI, ADG, and BW0.75. The
FR and DR were evaluated according to RFI class, RWI class, period of the day, sex, and
interactions of sex with RWI, RFI, and period of the day.

The behavior traits at the feed bunk (NF, FVF, and FD) were analyzed considering
the fixed effects of sex, RFI class, and their interaction. For the behavior traits at the water
trough (NW, FVW, and DD), the model included the fixed effects of sex, RWI class, and
their interaction. The model used for the carcass traits (REA, BF, and RF) included the fixed
effects of sex, RWI class, and age as covariates.

3. Results

The mean DMI, ADG, and BW0.75 were 8.48 kg/d (6.06 to 10.35 kg/d), 1.01 kg/d (0.42
to 1.46 kg/d), and 66.38 kg (45.56 to 81.44 kg), respectively. Regarding carcass traits, the
mean REA, BF, and RF were 57 cm2 (36.00 to 80.70 cm2), 2.46 mm (0.00 to 6.80 mm), and
4.56 mm (2.30 to 8.36 mm), respectively (Table S2).

The RFI showed a significant positive and moderate correlation with DMI in both
females (0.52) and males (0.58), a low correlation with BF (0.28) and FVW (0.26), and a
moderate correlation with FVF (0.42) in males (Table 1). The carcass traits did not show a
correlation with RFI or RWI in females, however, was observed a positive low correlation
between RFI and BF (0.28), and a negative correlation between RWI and REA (−0.35) in
males. The RWI and WI exhibited a positive correlation in both sexes (0.71 for females and
0.59 for males), whereas a negative correlation between RWI and BWi (−0.42) was observed
in males (Table 1).
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Table 1. Pearson correlation among feed efficiency, ingestive behavior, and carcass traits in males (above the diagonal) and in females (below the diagonal).

BWi ADG RFI DMI BW0.75 REA BF RF WI RWI NW FVW DD NF FVF FD

BWi − 0.19 NS 0.03 NS 0.68 *** 0.98 *** 0.61 *** 0.15 NS 0.33 ** 0.47 *** −0.42 ** 0.01 NS −0.09 NS 0.26 * −0.26 * −0.44 *** 0.22 NS

ADG 0.07 NS 1.00 0.12 NS 0.63 *** 0.27 * 0.28 * 0.01 NS −0.09 NS 0.49 *** 0.25 * 0.23 NS 0.19 NS 0.08 NS 0.06 NS 0.07 NS −0.07 NS

RFI −0.07 NS −0.25 NS 1.00 0.58 *** 0,06 NS 0.13 NS 0.28 * 0.03 NS 0.11 NS 0.01 NS 0.18 NS 0.26 * 0.01 NS 0.25 NS 0.42 ** 0.06 NS

DMI 0.69 *** 0.31 * 0.52 ** 1.00 0.74 *** 0.55 *** 0.27 * 0.19 NS 0.60 *** −0.08 NS 0.20 NS 0.19 NS 0.24 NS −0.01 NS −0.03 NS 0.13 NS

BW0.75 0.98 *** 0.17 NS 0.10 NS 0.73 *** 1.00 0.62 *** 0.20 NS 0.35 ** 0.56 *** −0.34 ** 0.03 NS −0.05 NS 0.31 ** −0.26 * −0.46 *** 0.23 NS

REA 0.75 *** 0.04 NS −0.05 NS 0.53 ** 0.75 *** 1.00 0.21 NS 0.13 NS 0.23 NS −0.35 ** −0.01 NS −0.08 NS 0.19 NS −0.11 NS −0.22 NS 0.28 *
BF 0.39 ** −0.06 NS −0.01 NS 0.26 NS 0.39 ** 0.26 NS 1.00 0.43 *** 0.15 NS −0.02 NS 0.16 NS 0.26 * 0.35 ** 0.02 NS −0.02 NS 0.22 NS

RF 0.33 * −0.01 NS −0.13 NS 0.17 NS 0.36 ** 0.37 ** 0.54 *** 1.00 0.11 NS −0.21 NS −0.06 NS 0.04 NS 0.35 ** −0.13 NS −0.15 NS 0.08 NS

WI 0.55 *** 0.17 NS 0.06 NS 0.54 *** 0.60 *** 0.36 ** 0.08 NS 0.12 NS 1.00 0.59 *** 0.28 ** 0.23 NS 0.27 * −0.04 NS −0.23 NS −0.03 NS

RWI −0.18 NS 0.05 NS 0.11 NS −0.01 NS −0.14 NS −0.21 NS −0.24 NS −0.16 NS 0.71 *** 1.00 0.28 * 0.30 * 0.01 * 0.20 NS 0.16 NS −0.25 *
NW −0.39 ** −0.13 NS 0.11 NS 0.29 NS −0.44 ** −0.36 ** −0.45 ** −0.26 NS −0.12 NS 0.23 NS 1.00 0.76 *** 0.27 ** 0.47 ** 0.17 NS −0.09 NS

FVW −0.39 ** −0.05 NS 0.04 NS 0.30 NS −0.41 ** −0.19 NS −0.48 ** −0.30 * −0.10 NS 0.24 NS 0.76 *** 1.00 0.51 *** 0.39 ** 0.22 NS −0.09 NS

DD 0.11 NS −0.34 * −0.06 NS −0.12 NS −0.07 NS 0.25 NS −0.07 NS −0.06 NS 0.13 NS 0.12 NS 0.33 * 0.33 * 1.00 0.08 NS −0.14 NS 0.17 NS

NF −0.43 ** −0.03 NS 0.15 NS −0.21 NS −0.42 ** −0.50 ** −0.02NS −0.24 NS −0.18 NS 0.13 NS 0.24 NS 0.19 NS −0.17 NS 1.00 0.48 *** 0.01 NS

FVF −0.37 ** 0.19 NS 0.30 NS −0.01 NS −0.37 * −0.22 NS 0.02NS −0.13 NS −0.28 NS −0.05 NS 0.21 NS 0.19 NS −0.08 NS 0.54 *** 1.00 −0.24 NS

FD 0.12 NS −0.05 NS −0.23 NS −0.05 NS 0.14 NS 0.32 * 0.06NS 0.15 NS 0.04 NS −0.06 NS −0.06 NS 0.13 NS 0.24 NS −0.23 NS −0.24 NS 1.00

*: p < 0.05, **: p < 0.01, ***: p < 0.0001, NS: non-significant; BWi: initial body weight; ADG: average daily gain (kg/d); RFI: residual feed intake; DMI: dry matter intake (kg/d); BW0.75:
mid-test metabolic weight (kg); REA: rib eye area (cm2); BF: backfat thickness (mm); RF: rump fat thickness (mm); WI: water intake (L/d); RWI: residual water intake; NW: number of
water troughs visited per day (number); FVW: frequency of visits to the water through with intake (visits/d); DD: drinking duration (min/d); NF: number of feed bunks visited per day
(number); FVF: frequency of visits to the feed bunk with intake (visits/d); FD: feeding duration (min/d).
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The BWi is an important trait in animal evaluation, which demonstrated a high positive
correlation with DMI (0.68 for males and 0.69 for females), WI (0.47 for males and 0.55 for
females), BW0.75 (0.98 for both sexes), and REA (0.61 for males and 0.75 for females) in both
males and females. The DMI presented a high and positive correlation with BW0.75 (0.74)
and a moderate correlation with REA (0.53) in both sexes. Positive high correlations were
also observed between BW0.75 and REA in both males (0.62) and females (0.75). The WI
exhibited a positive and moderate correlation with BW0.75 in both sexes (0.60), whereas in
males a moderate correlation with ADG (0.49) was observed, and a low correlation NW
(0.28) and DD (0.27) (Table 1).

The NF and FVF ingestive behavior traits showed negative correlations with BWi in
males (−0.26, −0.44) and with BW0.75 (NF: −0.26 for males and −0.42 for females; FVF:
−0.46 for males and −0.37 for females). Regarding feed behavior in bunks, the animals
with low BWi showed a disadvantage compared to the animals with high BWi, as expected.
The FVW showed positive high correlations with NW (0.76) and DD (0.50) in both sexes,
whereas positive moderate correlations were observed between NF and FVF (0.48 for males
and 0.54 for females), and DD and FVW (0.51 for males and 0.33 for females). These results
can be associated with competition behavior for food and water (Table 1).

The low RFI animals (n = 47) consumed 8.59 ± 0.09kg/d whereas high RFI animals
(n = 57) consumed 7.87 ± 0.09kg/d on average, without significant differences observed in
ADG (Table 2). The low RWI animals (n = 47) ingested 20.62 ± 0.34 L/d whereas high RWI
animals (n = 57) ingested 19.91 ± 0.37 L/d, showing a significant difference in WI between
RWI classes (p = 0.0001).

Table 2. Mean and standard error of dry matter intake (DMI), water intake (WI), average daily gain
(ADG), mid-test metabolic body weight (BW0.75), rib eye area (REA), backfat thickness (BF), and
rump fat thickness (RF) according to the effects of sex, residual feed intake (RFI), and residual water
intake (RWI) class.

Trait

Sex RFI RWI

Male
(n = 61)

Female
(n = 43) p Low

(n = 47)
High

(n = 57) p Low
(n = 47)

High
(n = 57) p

DMI (kg/d) 9.14 ± 0.12 7.33 ± 0.18 0.0001 8.59 ± 0.09 7.87 ± 0.09 0.0001 8.27 ± 0.08 8.19 ± 0.11 0.6032
WI (L/d) 21.16 ± 0.44 19.36 ± 0.67 0.0744 20.62 ± 0.34 19.91 ± 0.37 0.1292 22.21 ± 0.31 18.32 ± 0.41 0.0001

ADG (kg/d) 1.21 ± 0.03 0.72 ± 0.04 0.0001 0.98 ± 0.03 0.96 ± 0.02 0.6538 1.01 ± 0.02 0.93 ± 0.03 0.0650
BW0.75 (kg) 70.37 ± 0.99 59.47 ± 1.46 0.0001 64.76 ± 0.74 65.08 ± 0.81 0.7540 64.52 ± 0.69 65.32 ± 0.90 0.4663
REA (cm2) 68.84 ± 1.23 39.38 ± 1.82 0.0001 54.27 ± 0.93 53.98 ± 1.01 0.7999 53.57 ± 0.86 54.65 ± 1.13 0.4349
BF (mm) 2.34 ± 0.24 2.85 ± 0.36 0.3531 2.78 ± 0.18 2.40 ± 0.20 0.1287 2.40 ± 0.17 2.79 ± 0.22 0.1597
RF (mm) 5.21 ± 0.21 3.66 ± 0.31 0.0016 4.41 ± 0.16 4.47 ± 0.17 0.7787 4.41 ± 0.15 4.46 ± 0.19 0.8639

Females and males presented different values of DMI, ADG, BW0.75, REA, and RF
(p < 0.001). Males displayed higher DMI, ADG, BW0.75, REA, and RF. Low RFI animals
had higher DMI than high RFI animals, with no significant difference observed for ADG.
Females and males showed similar WI and BF (p > 0.05). The animals with low RWI ingested
3.89 L/d further than the animals with high RWI (p = 0.0001) (Table 2). The initial age of
animals significantly influenced DMI, WI, ADG, BW0.75, and REA (p < 0.05) (Figure S1).
The older animals at the beginning of the test had higher DMI and consequently higher
ADG. The age of the animals at the measurement of the carcass traits did not significantly
affect BF and RF.

The interaction between sex and RWI influenced the DMI (p = 0.0206), BW0.75 (p = 0.0015),
and BF (p = 0.0368) (Figure S2). Males and females with high RWI showed the highest DMI
(9.26 ± 0.14 kg) and lowest DMI (7.13 ± 0.25 kg), respectively. The DMI of animals with high
and low RWI were similar in males (9.26 ± 0.14 and 9.00 ± 0.14 kg). No significant difference
was observed between females with low or high RWI (7.13 ± 0.25 and 7.53 ± 0.24 kg).

The lower means of BW0.75 were observed in females (58.02 ± 2.03 kg for high RWI
and 60.92 ±1.32 kg for low RWI) and showed different values (p < 0.05) in comparison with
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males (72.62 ± 1.18 kg for high RWI and 68.11 ± 1.19 kg for low RWI). The males with high
RWI showed 4.53 kg more than males with low RWI (p = 0.0050) (Figure S2).

A higher BF was found in females with high RWI (3.34 ± 0.51 mm), following males
with low RWI (2.44 ± 0.30 mm), females with low RWI (2.36 ± 0.33), and males with
high RWI (2.23 ± 0.29 mm). No significant difference was observed between males and
females with low RWI. The WI, ADG, REA, and RF were not influenced by the sex and
RWI interaction (Figure S2). The traits studied were also not influenced by the sex and RFI
interaction (Figure S3).

The FR was higher in females (p = 0.0001). The animals showed a higher FR in the
morning (6:00 to 11:59 am), followed by the afternoon, night, and dawn periods (p = 0.001).
High RFI animals had a higher FR than low RFI animals (p = 0.0152) (Table 3).

Table 3. Least square means of the feeding rate (FR) and drinking rate (DR) of males and females
according to period (dawn, morning, afternoon, and night), residual feed intake (RFI), residual water
intake (RWI), interaction of sex and period, RFI, and RWI class. Different superscript letters denote
significant differences (p < 0.05).

Trait FR (kg/min) p-Value DR (L/min) p-Value

Sex 0.0001 0.0005
Male 0.08 ± 0.001 b 1.05 ± 0.03 b

Female 0.09 ± 0.001 a 0.90± 0.03 a

Period 0.0001 0.0502
Dawn 0.06 ± 0.002 d 0.89 ± 0.04 b

Morning 0.10 ± 0.002 a 1.03 ± 0.04 a

Afternoon 0.09 ± 0.002 b 0.97 ± 0.04 a,b

Night 0.08 ± 0.002 c 1.01 ± 0.04 a,b

RFI 0.0152 0.0163
High 0.089 ± 0.001 a 0.92 ± 0.03 a

Low 0.085 ± 0.001 b 1.05 ± 0.03 b

RWI 0.2121 0.0033
High 0.086 ± 0.001 0.91 ± 0.03 b

Low 0.089 ± 0.001 1.04 ± 0.03 a

Sex * Period 0.0919 0.0001
Male * Dawn 0.06 ± 0.002 1.05 ± 0.05 a,b

Male * Morning 0.10 ± 0.002 1.01 ± 0.05 a,b

Male * Afternoon 0.09 ± 0.002 0.97 ± 0.05 a,b,c

Male * Night 0.08 ± 0.002 1.19 ± 0.05 a

Female * Dawn 0.06 ± 0.003 0.73 ± 0.06 c

Female * Morning 0.11 ± 0.003 1.06 ± 0.06 a,b

Female * Afternoon 0.10 ± 0.003 0.98 ± 0.06 a,b,c

Female * Night 0.09 ± 0.003 0.83 ± 0.06 b,c

Sex * RFI 0.0197 0.3030
Male * High 0.084 ± 0.002 b 1.03 ± 0.04
Male * Low 0.083 ± 0.001 b 1.08 ± 0.03

Female * High 0.095 ± 0.002 a 0.83 ± 0.05
Female * Low 0.087 ± 0.002 b 0.97 ± 0.04

Sex * RWI 0.8029 0.8337
Male * High 0.083 ± 0.002 0.98 ± 0.03
Male * Low 0.085 ± 0.001 1.13 ± 0.04

Female * High 0.089 ± 0.002 0.84 ± 0.06
Female * Low 0.092 ± 0.002 0.96 ± 0.03

* Interaction between traits.

The sex and RFI interaction influenced (p = 0.0197) the FR, where the highest FR was
observed in females with high RFI, whereas the females with low RFI and males (both low



Animals 2022, 12, 3196 8 of 15

and high RFI) did not show statistical differences in FR. No difference in FR was observed
in sex and period interaction nor in sex and RWI interaction (Table 3).

Males drank 0.15 L/min more water than females. Differences in DR were observed be-
tween sexes and periods of the day interaction (p = 0.0001), with the observation of a higher
DR in males at night (1.19 ± 0.05 L) and a lower DR in females at dawn (0.73 ± 0.06 L). The
DR did not differ between males and females in the morning or afternoon period. High
RFI and high RWI animals had a lower DR than low RFI and low RWI animals, showing a
difference of 0.13 L/min between classes. The interaction of sex and RFI or RWI did not
influence the DR (Table 3).

The animals visited on average 2.87 different water troughs per day and 10.22 different
feed bunks per day, spending 21.33 min per day drinking water and 160.15 min per day
feeding. The FVW was 5.42 times per day, and the FVF was 58.5 times per day (Table S2).
Males and females differed in NF, FVF, and FD (Figure S4). Males visited fewer feed
bunks-NF (9.94 ± 0.13 vs 10.59 ± 0.16 visits/d) and also had a lower FVF (53.53 ± 1.95 vs
64.77 ± 2.33 visits/d) compared to females. The FD was similar between sexes (162.37 ± 2.71
and 157.11 ± 3.23, p = 0.2152) (Figure S4).

Animals with high RFI showed lower FVF than animals with low RFI (55.68 ± 2.26 vs
62.62 ± 2.04, p = 0.0247). The RFI did not influence the NF and FD behaviors (p > 0.05). The
NF, FVF, and FD were not influenced by the interaction between RFI and sex (Figure S5).

The NW was higher in females compared to males (2.75 ± 0.03 vs 3.03 ± 0.04 water
stations day; p = 0.0001). Animals with low RWI visited a larger number of water troughs
per day than animals with high RWI (2.83 ± 0.04 vs 2.96 ± 0.03 day; p = 0.0135). The FVW
was higher in females compared to males (5.91 ± 0.15 vs 5.02 ± 0.11 visits/d; p = 0.0001).
High RWI animals visited the drinkers on average 5.16 ± 0.15 times per day, whereas low
RWI animals visited the drinkers 5.77 ± 0.12 times per day (p = 0.0022). No differences
in DD were observed between males and females (20.46 ± 0.91 vs 22.99 ± 1.21 min/d;
p = 0.0984) or between low and high RWI animals (22.50 ± 0.92 vs 20.95 ± 1.19 min/d;
p = 0.3085) (Figure S4). The interaction between sex and RWI did not influence the behaviors
at water troughs (p > 0.05) (Figure S5).

4. Discussion

Data collected on 104 animals were used to assess the effects of feed and water
efficiency and behavior traits on performance and carcass traits. The results showed the
relationship between efficiency and behavior measurements and how they affected affect
carcass and performance traits.

Water participates in metabolic and digestive processes, as demonstrated by the
moderate positive correlation of WI with BWi, DMI, and BW0.75 observed in the present
study in animals of both sexes. Studies have shown that, for 3% of DMI, the animal
consumes 10% of water, i.e., the WI is approximately three times the DMI [2,26–28]. The
importance of WI is directly associated with the DMI and the health of the animal since
water deprivation causes sudden changes in weight gain and consequently affects the
health of animals [29,30].

The RWI was positively correlated with ADG in Caracu males, and similar results
have been reported by Ahlberg et al. [31] in which an increase in feed intake also increased
the WI in Angus cattle. Brew et al. [3] also found an association between WI and animal
performance in several beef cattle breeds and crosses, in which animals that consumed
more water had a higher body weight. The feed and water ingestion act together in the
growth and development of animals, showing a positive correlation in our study (WI
and DMI).

The positive association of BWi, DMI, BW0.75, and FD with REA in both sexes confirms
the importance of diet and nutrient utilization for meat cut yield and muscling degree in
cattle [10,32]. Feed intake and WI are positively associated with the productive efficiency of
the animal, and our study demonstrated a positive association between these traits, mainly
in males. It is expected that animals with better efficiency in feed utilization exhibit a better
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degree of carcass finishing, as well as greater weight gain and growth [33], as indicated by
the positive correlations of BW0.75 with RF and BF observed in the present study.

The DMI and ADG obtained for males are higher than those observed in Nellore
animals at a mean age of 541 days (DMI = 6.74 kg/d; ADG = 0.74 kg/d) [34] and sim-
ilar to those observed in Angus animals at a mean age of 322 days (DMI = 7.6 kg/d;
ADG = 1.01 kg/d) [35]. These values indicate good performance of the Caracu animals
used in this study when compared to taurine and zebuine breeds for meat production.

The performance traits and carcass traits are influenced by the metabolite and hormone
actions that differ by sex. In the present study, males exhibited higher mean DMI, ADG,
BW0.75, REA, and RF than females. In addition, the growth traits and BF were influenced
by the interaction of sex with RFI or RWI class. The difference observed between sexes
for carcass traits agrees with the literature, showing a smaller REA and greater BF in
females compared to males [10,36,37]. The differences in carcass traits between sexes can
be explained by the fact that males have a higher anabolic rate of muscle tissue deposition
than females, in addition to late adipose tissue deposition [38,39]. Additionally, heavier
animals tend to produce carcasses that are heavier and that provide a higher yield [40], as
demonstrated in our study by the correlation of BWi with REA, BF, and RF.

Similar to our findings, Sakowski et al. [41] reported that bulls had a lower proportion
of fat (BF) in their body composition than heifers, showing that the trends of fat deposition
in heifers’ is more intense. Lower feed conversion and a higher rate of growth in males
have been associated with their better performance over females, as a consequence of the
effects of testosterone in males [40]. The higher weight in males can be associated with a
higher diameter of the longissimus dorsi muscle, and the fat deposition was associated
with leptin activity in the growing phase [42].

On the other hand, the FR was lower in males, a finding that might be related to
the differences observed in most feeding and drinking behavior traits studied. In the
feed conversion tests, the males visited the feed bunk and water troughs less often than
females. Additionally, the visits with intake were also lowest compared to the females. The
regulation of ingestive behavior and energy expenditure depends on multiple organs and is
influenced by sex hormones. Therefore, those findings could be associated with differences
in the maintenance of energy balance and ingestive metabolism between females and
males [43].

The differences in growth traits between females and males have been widely reported
in the literature. The Caracu herd studied herein has participated in a breeding program
since 1978, and the selection is based on weight gain, contributing to the differences
observed between sexes. The action of androgen hormones promotes muscle hypertrophy
in males, which have a larger number of muscle fibers and consequently a higher birth
weight compared to females [44,45]. This higher weight of males is observed throughout
the animal’s life [46,47]. Similar results were with Nellore, where males consumed 1.08
kg more dry matter than females and consequently had a higher ADG (0.27 kg/d) [48].
Analyzing the weight gain of Pantaneiro cattle, Brito et al. [49] observed a 10% higher
asymptotic weight (mature weight) in males compared to females (191.2 kg and 173.5 kg,
respectively). Furthermore, Mueller et al. [50] reported differences in performance between
sexes in Angus. These differences are intrinsically linked to the WI and feeding behaviors
of these animals during growth. It suggests that animals with low RFI, low RWI, and
high performance can be selected through the observation of water and feed efficiency
associated with ingestive behavior and growth performance.

Both high RFI and low RFI animals differed in terms of DMI and FD, which is con-
sistent with the results reported for Angus cattle at 17 months of age [51], for Charolais,
Hereford, Limousin, and Angus cattle at 10 months of age [52], and for Caracu steers at
13 months of age [13]. The metabolic weight is related to the body weight of the animal
and to its allometric growth [53], corroborating the differences in BW0.75 between high RWI
and low RWI obtained in our study.
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The environmental temperature and nutritional requirements contribute to the dif-
ferences in DR found between sexes over the four periods of the day (dawn, morning,
afternoon, and night) since DR is associated with sex, age, and climate characteristics [30].
In Brahman cattle, a variation of 7% in the temperature–humidity index increased WI
by 13% [54]. The present study demonstrated the association between water and feed
requirements of the animals based on the positive correlation of WI with both DMI and
BW0.75. In addition, low RWI and low RFI animals consumed 0.13 L/min more water than
high RWI and high RFI animals. The effect of water on animal performance generally
receives little attention in livestock farming. However, the need for the sustainable use of
water as well as the increase in environmental temperature and its association with herd
efficiency have encouraged research on the subject [25,55].

Low RWI animals consume more water than high RWI animals, whereas low RFI
animals consume more feed than high RFI animals, i.e., less feed- and water-efficient
animals need to consume more feed and water. Since the WI of an adult bovine ranges
from 4 to 10 L/kg of ingested DM (25–35 ◦C) [27], animals that consume larger amounts of
feed need to consume more water, corroborating our findings.

Low RWI animals visited fewer troughs and had a lower frequency of visits with
intake. Similar results were obtained for Senepol [56], Angus [9], and crossbred cattle [25].
The study of ingestive behavior is an auxiliary tool that permits adapting management
practices and, when combined with feed efficiency, identifying more productive and
efficient animals [10].

Ingestive behavior is divided into three main phases: feeding, ruminating, and
idling [57]. However, the frequencies of these behaviors vary according to age, breed,
type of diet, management, reactivity, sex, and environment [58]. The higher FVF and NF of
females did not result in higher ADG, DMI, or BW0.75, which is also associated with the FD
at the feed bunk. These findings showed the differences in food metabolism between males
and females and agreed with the higher FR observed here in females compared to males.

In crossbred cattle (Angus, Simmental, Charolais, and Piedmontese) the daily time
and number of daily visits to the feed bunk were similar in low and high RFI animals [14].
Similar results were observed in NF and FD, in which RFI classes were no different in
Caracu cattle. Some studies suggest that more efficient animals visit feeders less frequently
and exhibit a shorter duration of feeding per day [9,59–61]. Our study showed that high
RFI animals visited feeders around seven times less than low RFI animals. Therefore, the
animal that visits the feeder more often and consumes feed and that spends more time per
day feeding at the bunk does not always exhibit greater weight gain. This fact demonstrates
that feed efficiency is a complex trait influenced by various factors and that knowledge
about animal behavior can also contribute to the selection of efficient animals [8,47,62].

The lower FVF observed in males was associated with the smaller number of feed
bunkers visited, but the FD was similar between sex. According to Segabinazzi et al. [63],
male Holstein calves stayed in feeders for 171 min, a time similar to the observed in our
study for Caracu males (162 min). The weight of the animal and its ingestive behavior
are associated with the maintenance energy necessary for performing daily activities [64].
A lighter animal may need more energy for maintenance per unit of gain, due to its fast
metabolism, and more frequent search for food, which does not necessarily characterize it
as an efficient animal in terms of weight gain or good carcass yield.

The ingestive behavior is also directly related to the social hierarchy that is established
through dominant relationships, with social position affecting several behaviors such as
feed and water intake [65–67]. As described by Deniz et al. [68], the social position of a
cow influences the time at the feed bunk and is determined by its body mass, body length
and age, and social position. Although not evaluated in the present study, displacement at
the feeder was frequently observed, especially at the times when the feeders were filled.
Haskell et al. [69] found DMI to be affected by dominance in finishing beef steers, which
agrees with the high positive correlation between DMI and BWi observed in our study.
Thus, it is clear that social dominance also affects feed efficiency through its influence on
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feeding behavior. Increasing the feeding space can reduce competition, which will improve
the feeding behavior of cattle, benefitting animals with small body mass and body length,
which are subordinate animals.

The animals spent about 20 min per day drinking water. This duration is longer
than the 10 min reported for Holstein animals [63]. This difference might be explained by
the fact that the study by Segabinazzi et al. [63] was conducted in southwestern Paraná,
Brazil, a region characterized by a temperate climate with milder temperatures than those
found in the region of Sertaozinho (SP) where the present study was carried out. Thus, the
differences in ingestive behavior might be associated with the climate of the region, animal
age, breed, and particularly with the type of diet [70,71].

The behavior traits related to WI (DR, NW, and FVW) observed in both sexes were
similar to those obtained for the behavior traits related to feed intake, demonstrating that
nutritional, metabolic, and hormonal differences between males and females interfere with
these traits [58]. Cattle are gregarious animals that establish dominance in a group; thus,
each individual can modify its behavior according to the presence of another animal, which
is strongly influenced by the action of the dominant animal [72]. Females tend to form
small groups, whereas males tend to be more solitary [72,73]. We, therefore, believe that,
following the behavior of the dominant female, the animals visited the trough but did not
consume because they were satiated.

Animal feed efficiency is influenced by the consumption rate (DMI), which is highly
associated with WI and ingestive behaviors showing an important role in growth per-
formance and development. These factors can be used in animal breeding programs to
increase herd efficiency and reduce livestock water use, thus contributing to sustainable
beef cattle production.

5. Conclusions

The lesser frequency of visits to feeders associated with feeding duration and efficient
use of feed were traits important to consider in highly efficient animals. The variability
between animals in the herd showed that the animal that visits the feeder more often,
consumes feed, and spends more time per day feeding at the bunk does not always exhibit
greater weight gain. The RWI trait can be incorporated into selection objectives, showing an
important role in the performance traits of the animal. The sexual dimorphism associated
with feed efficiency (RFI) and water efficiency (RWI) in Caracu cattle interferes with animal
behavior, as well as its growth and development, being important factors to be considered
in livestock production.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ani12223196/s1: Table S1: percentage of ingredients and nutrient
composition of the diet provided to animals during the feed efficiency test and formulated for
1200 kg/d; Table S2: descriptive statistics (mean, standard error, minimum, and maximum) of the
efficiency, carcass, and behavior traits observed in Caracu cattle; Figure S1: distribution of the traits
according to the initial age of Caracu males (orange circles) and females (blue squares). A. dry matter
intake (DMI); B. water intake (WI); C. average daily gain (ADG); D. mid-test metabolic body weight
(BW0.75); and E. rib eye area (REA); Figure S2: interaction between sex and RWI class for dry matter
intake (A), water intake (B), average daily gain (C), mid-test metabolic body weight (D), rib eye area
(E), backfat thickness (F), and rump fat thickness (G); Figure S3: interaction between sex and RFI class
for dry matter intake (A), water intake (B), average daily gain (C), mid-test metabolic body weight
(D), rib eye area (E), backfat thickness (F), and rump fat thickness (G); Figure S4: A. behavior traits
at the feed bunks (NF, FVF, and FD) according to sex and RFI class. B. behavior traits at the water
troughs (NW, FVW, and DD) according to sex and RWI class; Figure S5. behavior traits at the feed
bunks (A: NF, B: FVF, and C: FD) according to interaction between sex and RFI class. Behavior traits
at the water troughs (D: NW, E: FVW, and F: DD) according to interaction between sex and RWI class.
Ref. [74] citation in Supplementary.
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characteristics and meat composition of young Simmental beef cattle. IOP Conf. Ser. Earth Environ. Sci. 2017, 85, 012061.
[CrossRef]

37. Lage, I.N.K.; Paulino, P.V.R.; Pires, C.V.; Villela, S.D.J.; Duarte, M.S.; Valadares Filho, S.C.; Paulino, M.F.; Maia, B.A.; Silva, L.H.P.;
Teixeira, C.R.V. Intake, digestibility, performance, and carcass traits of beef cattle of different gender. Trop. Anim. Health Prod.
2012, 44, 361–367. [CrossRef]

http://doi.org/10.1016/j.jtherbio.2021.102998
http://doi.org/10.1017/S1751731109991522
http://www.ncbi.nlm.nih.gov/pubmed/22444121
http://doi.org/10.1590/S1516-35982013000100007
http://doi.org/10.1590/s1806-92902017000100008
http://doi.org/10.2527/jas.2013-6926
http://www.ncbi.nlm.nih.gov/pubmed/24492561
http://doi.org/10.1016/j.jtherbio.2008.09.001
http://doi.org/10.1016/j.livsci.2012.02.012
http://doi.org/10.1371/journal.pone.0161366
http://doi.org/10.1590/S1516-35982012000600027
http://doi.org/10.3168/jds.2014-8925
http://www.ncbi.nlm.nih.gov/pubmed/25771061
http://doi.org/10.1017/S1751731117002002
http://www.ncbi.nlm.nih.gov/pubmed/28820079
http://doi.org/10.3168/jds.2007-0331
http://www.ncbi.nlm.nih.gov/pubmed/18024766
http://doi.org/10.1093/jas/skz354
http://www.ncbi.nlm.nih.gov/pubmed/31740941
http://doi.org/10.31893/2318-1265jabb.v5n3p91-96
http://doi.org/10.22256/pubvet.v7n25.1640
http://doi.org/10.1007/s00484-008-0165-4
http://doi.org/10.1111/jpn.12640
http://doi.org/10.1093/jas/sky209
http://doi.org/10.2527/1993.71186x
http://doi.org/10.1016/j.livsci.2017.10.014
http://doi.org/10.1590/S1516-35982013000200007
http://doi.org/10.2527/jas.2013-7020
http://www.ncbi.nlm.nih.gov/pubmed/24663166
http://doi.org/10.1088/1755-1315/85/1/012061
http://doi.org/10.1007/s11250-011-0030-z


Animals 2022, 12, 3196 14 of 15

38. Paulino, P.V.R.; Valadares Filho, S.C.; Detmann, E.; Diniz Valadares, R.F.; Fonseca, M.A.; Marcondes, M.I. Body tissue and chemical
component deposition in Nellore bulls, steers and heifers. Rev. Bras. Zootec. 2009, 38, 2516–2524. [CrossRef]

39. Van der Heide, E.M.; Lourenco, D.A.L.; Chen, C.Y.; Herring, W.O.; Sapp, R.L.; Moser, D.W.; Tsuruta, S.; Masuda, Y.; Ducro, B.J.;
Misztal, I. Sexual dimorphism in livestock species selected for economically important traits. J. Anim. Sci. 2016, 94, 3684–3692.
[CrossRef]

40. Blanco, M.; Ripoll, G.; Delavaud, C.; Casasús, I. Performance, carcass and meat quality of young bulls, steers and heifers
slaughtered at a common body weight. Livest. Sci. 2020, 240, 104156. [CrossRef]

41. Sakowski, T.; Grodkowski, G.; Gołebiewski, M.; Slósarz, J.; Kostusiak, P.; Solarczyk, P.; Puppel, K. Genetic and environmental
determinants of beef quality-a review. Front. Vet. Sci. 2022, 9, 819605. [CrossRef]

42. Byrne, C.J.; Fair, S.; English, A.M.; Cirot, M.; Staub, C.; Lonergan, P.; Kenny, D.A. Plane of nutrition before and after 6 months of
age in Holstein-Friesian bulls: I. Effects on performance, body composition, age at puberty, and postpubertal semen production.
J. Dairy Sci. 2018, 101, 3447–3459. [CrossRef]

43. Wang, C.; Xu, Y. Mechanisms for sex differences in energy homeostasis. J. Mol. Endocrinol. 2019, 62, 129–143. [CrossRef] [PubMed]
44. Dayton, W.R.; White, M.E. Cellular and molecular regulation of muscle growth and development in meat animals. J. Anim. Sci.

2007, 86, 217–225. [CrossRef] [PubMed]
45. Rotta, P.P.; Prado, R.M.; Prado, I.N.; Valero, M.V.; Visentainer, J.V.; Silva, R.R. The effects of genetic groups, nutrition, fin-

ishing systems and gender of Brazilian cattle on carcass characteristics and beef composition and appearance: A review.
Asian-Australasian J. Anim. Sci. 2009, 22, 1718–1734. [CrossRef]

46. Alves, F.V.; Brito, M.C.B.; Juliano, R.S.; Abreu, U.G.P.; Souza, J.C.; Santos, S.A. Factors influencing the performance of calves
Pantaneiros raised in nature pasture in the Pantanal. Actas Iberoam. Conserv. Anim. 2015, 5, 38–43.

47. Cantalapiedra-Hijar, G.; Abo-Ismail, M.; Carstens, G.E.; Guan, L.L.; Hegarty, R.; Kenny, D.A.; McGee, M.; Plastow, G.; Relling, A.;
Ortigues-Marty, I. Review: Biological determinants of between-animal variation in feed efficiency of growing beef cattle. Animal
2018, 12, 321–335. [CrossRef] [PubMed]

48. Santos, D.J.A.; Peixoto, M.G.C.D.; Borquis, R.R.A.; Verneque, R.S.; Panetto, J.C.C.; Tonhati, H. Genetic parameters for test-day
milk yield, 305 day milk yield, and lactation length in Guzerat cows. Livest. Sci. 2013, 152, 114–119. [CrossRef]

49. Brito, M.C.B.; Santos, S.A.; Alves, F.V.; Juliano, R.S.; Abreu, U.G.P.; Souza, J.C. Growth curve and allometry of Pantaneiros calves,
until fourteen months old in Pantanal. Acta Iberoam. Conserv. Anim. 2015, 5, 51–59.

50. Mueller, L.F.; Balieiro, J.C.C.; Ferrinho, A.M.; Martins, T.S.; Silva, R.R.P.C.; Amorim, T.R.; Jesus, J.M.F.; Baldi, F.; Pereira, A.S.C.
Gender status effect on carcass and meat quality traits of feedlot Angus × Nellore cattle. Anim. Sci. J. 2019, 90, 1078–1089.
[CrossRef]

51. Al-Husseini, W.; Gondro, C.; Quinn, K.; Herd, R.M.; Gibson, J.P.; Chen, Y. Expression of candidate genes for residual feed intake
in Angus cattle. Anim. Genet. 2014, 45, 12–19. [CrossRef]

52. Crowley, J.J.; McGee, M.; Kenny, D.A.; Crews, D.H.; Evans, R.D.; Berry, D.P. Phenotypic and genetic parameters for different
measures of feed efficiency in different breeds of Irish performance-tested beef bulls. J. Anim. Sci. 2010, 88, 885–894. [CrossRef]

53. Heady, H.F. Rangeland Management; McGraw-Hill Book Company: New York, NY, USA, 1975.
54. Howden, S.M.; Turnpenny, J. Modelling heat stress and water loss of beef cattle in subtropical Queensland under current climates

and climate change. In Proceedings of the Modsim’97 International Congress on Modelling and Simulation, University of
Tasmania, Hobart, Tasmania, 8–11 December 1997; Modelling and Simulation Society of Australia: Canberra, Australia, 1997.

55. Pereira, G.M.; Egito, A.A.; Gomes, R.C.; Ribas, M.N.; Torres Junior, R.A.A.; Fernandes Junior, J.A.; Menezes, G.R.O. Water
requirements of beef production can be reduced by genetic selection. Animal 2021, 15, 100142. [CrossRef] [PubMed]

56. Pereira, G.D.M.; Martins, T.R.; Latta, K.I.; Ribas, M.N.; Antônio, J.; Junior, F.; Costa, R. Residual water intake as an indicator of wa-
ter efficiency in cattle. In Proceedings of the 28◦ Congresso Brasileiro De Zootecnia, Goiânia, Brazil, 2018; p. 87. Available online:
https://www.alice.cnptia.embrapa.br/handle/doc/1103971 (accessed on 25 October 2022).

57. Bell, F.R. Aspects of Ingestive Behavior in Cattle. J. Anim. Sci. 1984, 59, 1369–1372. [CrossRef] [PubMed]
58. Fernandes, T.A.; Costa, P.T.; Farias, G.D.; Vaz, R.Z.; Silveira, I.D.B.; Moreira, S.M.; Silveira, R.F. Cattle behavioral characteristics:

Basic aspects, learning process, and factors that affect. Rev. Electron. Vet. 2017, 18, 1–16.
59. Durunna, O.N.; Wang, Z.; Basarab, J.A.; Okine, E.K.; Moore, S.S. Phenotypic and genetic relationships among feeding behaviour

traits, feed intake, and residual feed intake in steers fed grower and finisher diets J. Anim. Sci. 2011, 89, 3401–3409. [CrossRef]
60. Golden, J.W.; Kerley, M.S.; Kolath, W.H. The relationship of feeding behavior to residual feed intake in crossbred Angus steers fed

traditional and no-roughage diets. J. Anim. Sci. 2008, 86, 180–186. [CrossRef]
61. Kelly, A.K.; McGee, M.; Crews, D.H., Jr.; Fahey, A.G.; Wylie, A.R.; Kenny, D.A. Effect of divergence in residual feed intake on

feeding behaviour, blood metabolic variables, and body composition traits in growing beef heifers. J. Anim. Sci. 2010, 88, 109–123.
[CrossRef]

62. Lahart, B.; Prendiville, R.; Buckley, F.; Kennedy, E.; Conroy, S.B.; Boland, T.M.; McGee, M. The repeatability of feed intake and
feed efficiency in beef cattle offered high-concentrate, grass silage and pasture-based diets. Animal 2020, 14, 2288–2297. [CrossRef]

63. Segabinazzi, L.R.; Menezes, L.F.G.; Silva, C.E.K.; Martinello, C.; Boito, B.; Molinete, M.L. Diurnal ingestive behavior of Holstein
calves reared in different systems: Feedlot or pasture. Acta Sci. Anim. Sci. 2014, 36, 225–231. [CrossRef]

64. Valadares Filho, S.C.; Silva, L.F.C.; Gionbelli, M.P.; Rotta, P.P.; Marcondes, M.I.; Chizzotti, M.L.; Prados, L.F. Nutrient Requirements
of Zebu and Crossbred Cattle–BR Corte, 3rd ed.; Suprema Gráfica e Editora: Viçosa, Brazil, 2016.

http://doi.org/10.1590/S1516-35982009001200030
http://doi.org/10.2527/jas.2016-0393
http://doi.org/10.1016/j.livsci.2020.104156
http://doi.org/10.3389/fvets.2022.819605
http://doi.org/10.3168/jds.2017-13719
http://doi.org/10.1530/JME-18-0165
http://www.ncbi.nlm.nih.gov/pubmed/31130779
http://doi.org/10.2527/jas.2007-0456
http://www.ncbi.nlm.nih.gov/pubmed/17709769
http://doi.org/10.5713/ajas.2009.90071
http://doi.org/10.1017/S1751731118001489
http://www.ncbi.nlm.nih.gov/pubmed/30139392
http://doi.org/10.1016/j.livsci.2012.12.012
http://doi.org/10.1111/asj.13250
http://doi.org/10.1111/age.12092
http://doi.org/10.2527/jas.2009-1852
http://doi.org/10.1016/j.animal.2020.100142
http://www.ncbi.nlm.nih.gov/pubmed/33573956
https://www.alice.cnptia.embrapa.br/handle/doc/1103971
http://doi.org/10.2527/jas1984.5951369x
http://www.ncbi.nlm.nih.gov/pubmed/6392276
http://doi.org/10.2527/jas.2011-3867
http://doi.org/10.2527/jas.2005-569
http://doi.org/10.2527/jas.2009-2196
http://doi.org/10.1017/S1751731120000853
http://doi.org/10.4025/actascianimsci.v36i2.22653


Animals 2022, 12, 3196 15 of 15

65. Bica, G.S.; Machado Filho, P.; Carlos, L.; Teixeira, D.L.; Sousa, K.T.; Hötzel, M.J. Time of grain supplementation and social
dominance modify feeding behaviour of heifers in rotational grazing systems. Front. Vet. Sci. 2019, 7, 61. [CrossRef]

66. Coimbra, P.A.D.; Machado Filho, L.C.P.; Hötzel, M.J. Efects of social dominance, water trough location and shade availability on
drinking behaviour of cows on pasture. Appl. Anim. Behav. Sci. 2012, 139, 175–182. [CrossRef]

67. Foris, B.; Thompson, A.J.; von Keyserlingk, M.A.G.; Melzer, N.; Weary, D.M. Automatic detection of feeding- and drinking-related
agonistic behavior and dominance in dairy cows. J. Dairy Sci. 2019, 102, 9176–9186. [CrossRef] [PubMed]

68. Deniz, M.; Sousa, K.T.; Vale, M.M.; Dittrich, J.R. Age and body mass are more important than horns to determine the social
position of dairy cows. J. Ethol. 2021, 39, 19–27. [CrossRef]

69. Haskell, M.J.; Rooke, J.A.; Roehe, R.; Turner, S.P.; Hyslop, J.J.; Waterhouse, A.; Duthie, C.A. Relationships between feeding
behaviour, activity, dominance and feed efficiency in finishing beef steers. Appl. Anim. Behav. Sci. 2019, 210, 9–15. [CrossRef]

70. Fischer, V.; Deswysen, A.G.; Dutilleul, P.; Boever, J. Ingestive behavior nycterohemeral patterns of dairy cows, at the beginning
and at the end of lactation, fed a corn silage based diet. Rev. Bras. Zootec. 2002, 31, 2129–2138. [CrossRef]

71. Souza, S.R.M.B.O.; Ítavo, L.C.V.; Rimoli, J.; Ítavo, C.C.B.F.; Dias, A.M. Diurnal ingestive behavior of bovines in feedlot and
pastures. Arch. Zootec. 2007, 56, 67–70.

72. Broom, D.M.; Fraser, A.F. Domestic Animal Behaviour and Welfare, 6th ed.; CABI: Boston, MA, USA, 2022; p. 512.
73. Hafez, E.S.E.; Bouissou, M.F. The behaviour of cattle. In The Behaviour of Domestic Animals, 3rd ed.; Hafez, E.S.E., Ed.; Baillière

Tindall: London, UK, 1975; pp. 203–245.
74. Weiss, W.P. Energy prediction equations for ruminant feeds. In Proceedings of the 61st Cornell Nutrition Conference for Feed

Manufactures, Cornell University, Ithaca, NY, USA, 18–20 October 1999; pp. 176–185.

http://doi.org/10.3389/fvets.2020.00061
http://doi.org/10.1016/j.applanim.2012.04.009
http://doi.org/10.3168/jds.2019-16697
http://www.ncbi.nlm.nih.gov/pubmed/31400897
http://doi.org/10.1007/s10164-020-00667-x
http://doi.org/10.1016/j.applanim.2018.10.012
http://doi.org/10.1590/S1516-35982002000800029

	Introduction 
	Materials and Methods 
	Animals and Feed Efficiency Test 
	Traits 
	Ingestive Behavior and Carcass Traits 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

