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Abstract
The objective of this study was to evaluate linear correlations between feed intake and ingestive
behavior of feedlot lambs. Were used ten castrated male Santa Inês sheep with a body weight
of 20 ± 4.38 kg, at four months of age. The experiment lasted 50 days, with five 10-d periods,
in which an evaluation of feed intake and ingestive behavior was undertaken per period,
totaling 50 replicates. The diet was composed of concentrate ingredients only. The analyses
were performed by Pearson’s linear correlations and the t test, and means were considered
significant when P≤0.05. Intake showed positive correlations (P≤0.05) with the times spent feeding
and ruminating and total chewing time, and a negative correlation (P≤0.05) with other activities.
Positive correlations were found between the number of feeding periods, number of other
activities and the time per rumination period with intake (P≤0.05). A negative correlation was
found between the feed efficiency of dry matter and the intake, as well as the other nutrients
(P≤0.05). The behavioral characteristics related to feed intake appear to be correlated, which
allows for inferences through the study of these variables. The activities related to nutrient intake,
with respect to time and efficiency, can be expressed directly through the animal behavior.
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Introduction

variables that inter-correlate with the intake is

The study of the ingestive behavior

necessary so as to determine which variables

has been used as a tool to evaluate diets that

should compose a mathematical model that

allows for the adjustment of the animal-feeding

determines intake through the feeding behavior

management

(Carvalho et al., 2007).

in

order

to

achieve

better

performance (Confortin et al., 2010; Pereira et al.,

Allden & Whittaker (1970) developed the

2011; Pinheiro et al., 2011; Santana Júnior et al.,

basis of this proposal, wherein they claim that the

2013b), guiding and reinforcing various discussions

daily intake of a grazing animal is the product

about intake. Thus, these associations are cited as

of grazing time and bite rate. This concept was

hypotheses rather than the objective of research,

improved by Rook (2000), who suggested intake

and so the measurements of these correlations

as being the product of bite mass (BM) and bite

may break some paradigms, because probably

rate (BR) and the duration (DM) and number of

not all behavioral variables are correlated with

meals (NM) over the day, as follows:

productive results (Santana Júnior et al., 2013a).
Knowledge of the ingestive-behavior

Intake = (BM × BR) × (DM × NM)
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Based on the information contained in

age. The animals were identified by numbered

the Brazilian scientific publications on behavioral

plastic earrings, and subsequently allocated to

variables, there is a possibility of estimating the

individual 1.0 × 1.0 m stalls containing individual

feed intake of animals using them; however,

bucket-type feed and water troughs. This study

many researchers trivialize the use of any

was approved by the Ethics Committee on

predictor model without properly investigating

Animal Use at the State University of Piauí under

the cause-effect relationships of the feeding

the Protocol 10922/15.

process, regarding them as “emerging variables”

The experiment lasted 50 days, with five

and additional information (Carvalho et al.,

10-d periods, in which one evaluation of feed

2007).

intake and ingestive behavior was undertaken
The objective of this study was to

per period, totaling 50 replicates. The diet

evaluate linear correlations between the feed

consisted of concentrate ingredients: ground

intake and ingestive behavior of feedlot lambs.

corn (55.76%), cottonseed meal cake (37.17%)
and a vitamin-mineral-buffer premix (7.07%).

Materials and Methods
The experiment was conducted in the
Laboratory of Experiments on Animal Nutrition
(Laboratório de Ensaios Nutricionais em Animais;
LENA) at the Center for Teaching and Research
on Animal Nutrition (Centro de Ensino e Pesquisa
em Nutrição Animal; CEPENA), located on
Campus Deputado. Jesualdo Cavalcanti de
Barros of Universidade Estadual do Piauí. Were
used ten castrated male Santa Inês sheep with
a body weight of 20 ± 4.38 kg, at four months of

Feed was supplied daily at 7h30 at 15h45.
The animals received feed-supply levels of 100,
95, 90, 85 and 80%, aiming to promote variations in
feed intake and ingestive behavior. Feed intake
was quantified for four days, from the 7th to 10th
day of each period (Table 1), by measuring the
amount of feed supplied and subtracting the
orts, avoiding losses or discounting the losses,
which were measured on the respective days
subsequent to the supply, always in the morning
before the supply.

Table 1. Daily intake of feedlot lambs
Item
Dry matter (g/day)
Organic matter (g/day)
Crude protein (g/day)
Neutral detergent fiber corrected for ash and protein (g/day)
Non-fibrous carbohydrate (g/day)
Ether extract (g/day)
1

Intake

CV1

825.44
749.72
125.9
160.48
356.8
106.52

12.81
12.81
12.81
12.81
12.81
12.81

Coefficient of variation

Fecal production was evaluated from

drying these materials in a forced-ventilation

the 7th to the 9th day of each period by total

oven at 55 ºC for 72 hours, and then analyzing

fecal collection. The collections were performed

the levels of dry matter (DM), crude protein (CP),

using a polyethylene screen placed below the

ether extract (EE), neutral detergent fiber (NDF),

slatted floor, free of any contaminations. The

acid detergent fiber (ADF) and ash, which were

samples of feces were weighed in the morning,

obtained according to methodologies described

and approximately 10% of the total was taken.

by Detmann et al. (2012). The NDF content was

A composite sample was formed per animal

corrected for ash and protein (NDFap), following

per experimental period, referring to the three

recommendations of Mertens (2002). The non-

days of collection performed in each period.

fibrous carbohydrates (NFC) were obtained

The apparent digestibility coefficients of the dry

by the following equation citated by Sniffen et

matter and nutrients were estimated as the ratio

al. (1992): NFC = 100 – (%CP + %EE + %NDFap

between fecal output and the daily intake.

+ %Ash). The analysis revealed that the diet

The chemical composition of the feed

contained DM, CP, NDFap, EE, ash, NFC and TDN

supplied, orts and feces was evaluated by

concentrations of 914 g/kg fresh matter, 152 g/kg
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DM, 194 g/kg DM, 100 g/kg DM, 92 g/kg DM, 432

of boli ruminated per day (NBD), chewing speed

g/kg DM and 650 g/kg DM, respectively.

(CS), time on rumination chewing (TRC) and

The ingestive behavior was evaluated

rumination chews per day (RCD) were calculated

on the 10th day of each experimental period

by the equations: NBD = RT/TRB, where; NBD (n/

by making observations at every five minutes,

day), RT (s/day) and TRB (s); CS = RCD/TRB, where;

using digital stopwatches, in accordance with

CS (s), RCD (n/day) and TRB (s); TRC = TRB/NCB,

the methodology of Carvalho et al. (2011), for

where: TRC (s), TRB (s); NCB (n/bolus); and RCD

24 hours, aiming to identify the time spent on

= NBD × NCB, where; RCD (n/day), NBD (n/day)

chewing, rumination, and other activities. The

and NCB (n/bolus).

animals were visually assessed by two trained

The feed efficiency of DM, NDF, TDN, NFC

observers, which switched places at every four

and CP, in grams per minute, and the rumination

hours.

efficiency of DM and NDFap were calculated by
The studied behavioral variables were:

dividing the intake of each component by the

feeding time (FT), rumination time (RT) and time

total feeding time (feed efficiency) or by the

on other activities (TO). The behavioral variables

rumination time (rumination efficiency).

were considered mutually exclusive.

Correlations were made by analysis of

The feeding time was the time taken by the

Pearson’s linear correlations and the t test, and

animal to consume the diet. The rumination time

processed on the SAEG (Sistema de Análises

corresponded to the processes of regurgitation,

Estatísticas e Genéticas, version 9.0) software.

re-chewing, re-salivation and re-swallowing. And

The correlations were considered significant

the time on other activities was considered to be

when P<0.05.

the actions that have no nutritional relevance
(rest, water intake, interactions, etc.).
The

total

chewing

time

(TCT)

was

determined by the equation: TCT = FT + RT,
where; FT = feeding time (min), RT = rumination
time (min). The discretization of time series
was performed directly on the data collection
spreadsheets, counting the discrete periods of
feeding, rumination, and other activities. The
average duration of each one of the discrete
periods was obtaining by dividing the time spent
daily on each activity by the number of the
discrete periods of the referred activity.
Three observations were made per shift,
aiming to determine the number of chews per
ruminated bolus (NCB) and the time spent to
ruminate each bolus (TRB). The variables number

Results and Discussion
The

times

spent

on

feeding

and

rumination and the total chewing time had
positive correlations (P≤0.05) with intake (Table
2). Because the diets had the same proximate
composition, but at differents levels of supply,
lambs had similar intake for all nutrients. The
present study corroborates Gontijo Neto et al.
(2006), who reported that the feeding time is
correlated with feed intake. Agreeing with the
effect observed in this study, Figueiredo et al.
(2013) cite that there is a correlation between
rumination and NDF intake; however, in the
current experiment there was a weak correlation
between the two variables because the diet
contained only 21.23% NDFap.

Table 2. Linear correlations between ingestive behavior and feed intake in feedlot lambs
Intake1

Item

r
0.67
0.49
–0.67
0.67

Feeding time (min)
Rumination time (min)
Time on other activities (min)
Total chewing time (min)

P
0.0000
0.0001
0.0000
0.0000

The intake can be considered both total, in terms of dry matter, and of nutrients, organic matter, crude protein, neutral detergent fiber corrected for ash and protein,
ether extract and non-fibrous carbohydrates
1

Although the time on other activities is

are mutually exclusive; therefore, to obtain a

comprised of actions without nutritional relevance

greater feed intake, the feeding time should be

(rest, interactions, etc.), the behavioral activities

increased, which will lead to a decrease in the
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time spent on other activities (Santana Júnior et

dietary concentration of fibrous carbohydrates.

al., 2013c). This fact is explained by the negative

Positive correlations were found between

correlation between the time on other activities

number of feeding periods, periods on other

and intake (P<0.05).

activities and the time per rumination period

The total chewing time (TCT) is directly

with feed intake (P<0.05) (Table 3). The increase

related to the feeding time (FT), because this

in the number of feeding cycles in confinement

variable is part of the formula to determine the

conditions where the animals received their food

TCT. Santana Júnior et al. (2012) state that longer

without a roughage results in greater nutrient

chewing is a result of the elevation in the fiber

intake. Mendes Neto et al. (2007) report that the

content of the diet. Because only concentrate

change in time or frequency of supply of the

ingredients were used in the present study,

diet to the animal can modify the percentage

TCT and FT are associated due to the lower

distribution of the feeding times of feedlot

rumination time, which resulted from the low

animals.

Table 3. Linear correlations between discrete periods of the ingestive behavior and feed intake in feedlot lambs
Intake1

Item

r
0.79
--0.69
–0.43
0.37
–0.60

Number of feeding periods
Number of rumination periods
Number of periods on other activities
Time per feeding period (min)
Time per rumination period (min)
Time per period on other activities (min)

P
0.0000
--0.0000
0.0010
0.0041
0.0000

The intake can be considered both total, in terms of dry matter, and of nutrients, organic matter, crude protein, neutral detergent fiber corrected for ash and protein,
ether extract and non-fibrous carbohydrates
1

The number of rumination periods did not

(P<0.05), having an opposite behavior to the

correlate with any intake variable (P>0.05), due to

number of feeding periods, because an increase

the ability that sheep have to select ingredients,

in the number promotes reduction of the time.

wherein sometimes there is a greater intake of

Because the behavioral activities are

corn or cottonseed cake, which causes changes

mutually exclusive, the time per period on other

in the rumination frequencies. In general, foods

activities showed a negative correlation with the

rich in starch and sucrose are rapid fermentable

intake variable (P>0.05); this is related to the time

(Rech et al., 2013); this causes an increase in the

spent on other activities during which the animal

propionate concentrations in the rumen, which

is not consuming the diet.

may result in a chemical limitation, which explains
these oscillations in the rumination process.
Regarding

the

number

of

The number of boli ruminated per day
and rumination chews per bolus showed positive

periods

and low correlations with intake (P≤0.05), and

on other activities, the increased intake is a

no correlation was found for the number of

consequence of the higher frequency of periods

rumination chews per bolus or speed and time of

on other activities, because the animal displays

chewing with feed intake (P>0.05) (Table 4). The

a greater intake and also rests more often, which

rumination activities depend on the dry matter

does not mean a longer rest time. The time per

intake and the effective fiber content in the diets.

feeding period showed a negative correlation

Regardless of the food, the chewing time during

Table 4. Linear correlations between rumination aspects of ingestive behavior and feed intake in feedlot lambs
Intake1

Item

r
--0.45
----0.42

Number of chews per ruminated bolus
Number of boli ruminated per day
Chewing speed (n/s)
Time on rumination chewing (s)
Number of rumination chews per day

P
--0.0005
----0.0013

The intake can be considered both total, in terms of dry matter, and of nutrients, organic matter, crude protein, neutral detergent fiber corrected for ash and protein,
ether extract and non-fibrous carbohydrates
1
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rumination may facilitate the hydration of the

explained by the greater nutrient density of the

particles, in addition to breaking physical barriers,

diets, wherein the increase in total dry matter

which facilitates microbial colonization (Kozloski,

intake reduced as the concentrate levels were

2009).

increased. Thus, the optimal level of concentrate
A

negative

correlation

was

found

in the diet is variable, whose decisive factors are

between the feed efficiency of dry matter and

sex, breed, age and quality of the roughage and

intake (P<0.05) (Table 5). This effect can be

concentrate (Medeiros et al., 2007).

Table 5. Linear correlations between efficiencies of ingestive behavior and feed intake in feedlot lambs
Intake1

Item

r
–0.27
-----

Feed efficiency of dry matter
Rumination efficiency of dry matter
Rumination efficiency of NDFap2

P
0.0292
-----

The intake can be considered both total, in terms of dry matter, and of nutrients, organic matter, crude protein, neutral detergent fiber corrected for ash and protein,
ether extract and non-fibrous carbohydrates.2Rumination efficiency of neutral detergent fiber corrected for ash and protein
1

The absence of correlations between
rumination efficiency of DM and NDFap with
feed intake (P>0.05) is linked to a bilateral effect,
in which the highest and lowest concentrations
of effective fiber present in the cottonseed cake
and corn, respectively, caused an inconsistent
rumination. Mertens (1996) asserts that if diets
have a low fiber content, the rumen fermentation
is reduced. According to Lima et al. (2013) and
Figueiredo et al. (2013), the rumination efficiency
is affected by the intakes of DM and NDFap,
positively or negatively. Fontenelle et al. (2011)
mention that a prolonged rumination activity
does not always compensate for a reduction in
rumination efficiency.
Conclusions
The behavioral characteristics related
to feed intake appear to be correlated, which
allows for inferences through the study of these
variables. The activities related to nutrient intake,
with respect to time and efficiency, can be
expressed directly through the animal behavior.
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