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Glycerin and cashew and castor oils in the diets for bulls in finished 
in feed lot: ingestive behavior

Glicerina e óleos de caju e mamona nas dietas para bovinos não 
castrados terminados em confinamento: comportamento ingestivo
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Abstract

This study was carried out to evaluate partial replacing of corn (15% of total diet DM) and cashew and 
castor oils addition on ingestive behavior of Nellore bulls in feedlot. Thirty bulls of 24 ± 2 months old 
and 400 ± 34 kg body weight were used. The bulls were distributed in a completely randomized design 
(10 bulls per treatment) and housed in collective pens. The experimental diets were: Control – CON; 
Glycerine – GLY and Glycerine + Functional oils. The observation scales did not influence time spent 
eating, ruminating or resting, as well as, the total number of chewing; however the number of periods 
and the time period for such activities differed among the scales time. There was no difference for the 
number of observations turns and number of observations per turn for analyzed variables. Glycerine 
inclusion in the diets caused a decrease on ruminating time and an increase in resting time. The numbers 
for both eating and resting periods, and time per resting period differed among diets, however, the 
number for ruminating period, eating time and rumination period were similar among diets. Both 
glycerine and functional oils inclusion in the diets increased the number of ruminated bolus per day, 
number of chewed per day and total chewing time for cattle.
Key words: Additives, biodiesel, co-product, ethology, plant extracts, ruminant

Resumo

Este estudo foi realizado para avaliar a substituição parcial do milho (15% da MS total da dieta) e 
adição de óleos de caju e mamona sobre o comportamento ingestivo de Nelore machos, confinados. 
Trinta bovinos de 24 ± 2 meses de idade e 400 ± 34 kg de peso corporal foram usados. Os animais 
foram distribuídos em um modelo estatístico inteiramente casualizado (10 animais por tratamento) e 
estabulados em baias coletivas. As dietas experimentais foram: Controle – CON; Glicerina – GLI e 
GOF – Glicerina + óleos funcionais. As escalas de observações não influenciaram o tempo de ingestão, 
ruminação e ócio, assim como o número total de mastigação; entretanto, o número de período e o tempo 
de período de cada atividade diferiram entre os tempos de escalas. Não houve diferença para os turnos 
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de observações e número de observações por turno para as variáveis analisadas. A inclusão de glicerina 
na dieta reduziu o tempo de ruminação e aumentou o tempo de ócio. O número de período tanto de 
ingestão como de ócio, e o tempo de ócio diferiram entre as dietas. No entanto, o número de período de 
ruminação, tempo de ingestão e período de ruminação foi similar entre as dietas. A inclusão de glicerina 
e óleos funcionais na dieta aumentou o número de bolos ruminados por dia, número de mastigação por 
dia e tempo total de mastigação dos bovinos.
Palavras-chave: Aditivos, biodiesel, co-produto, etologia, extrato de planta, ruminantes

Introduction

One of the biggest challenges faced by the 
livestock industry in developing countries is the 
general increasing demand by foreign consumers 
for high-quality, healthy products with enhanced 
safety from food production systems with 
improved environmental and carbon emissions 
(Hocquette et al., 2012).

The biodiesel industry has rapidly expanded 
worldwide through the past few years (FAPRI, 
2012). In 2011, the biodiesel industry produced 
approximately 2 billion L of glycerine worldwide, 
where the Brazilian market produced approximately 
2.6 million L (FAPRI, 2012). Research has 
demonstrated that glycerine is an excellent energy 
source and can partially replace corn grain in 
ruminant diets (Lee et al., 2011; Eiras et al., 
in press). Glycerol is involved in the process 
of gluconeogenesis (Krehbiel, 2008), and 
improves the synthesis of glucose in the liver 
(Chung et al., 2007), providing energy for cellular 
metabolism (Goff; Horst, 2001) also improving 
fat deposition (Mach; Bach; Devant, 2009).

For cattle finishing system with high-energy 
requirements, it is necessary to increase the use of 
grains and cereals (Kazama et al., 2008; Ito et al., 
2010). When ruminants are fed forages, the ruminal 
pH is close to neutral, but when finishing with rations 
containing large amounts of cereal grain, the ruminal 
pH can decrease drastically (Van Soest, 1994). 
Rumen acidosis is often associated with an increase 
in lactate, a much stronger acid than the typical 
volatile fatty acids found in the rumen. To modulate 
rumen fermentation, diets are supplemented with 
ionophores or antibiotics (Russell; Strobel, 

1989). However, no animal-based food products 
containing such substances have entered or been 
produced in Europe since January 2006, according 
to the European Union legislation published in the 
Official Journal of the European Union (2003). Thus, 
it is necessary research for natural alternatives to 
ionophores or antibiotics in the diets for ruminants 
(Calsamiglia et al., 2007; Benchaar et al., 
2008).

Plant oils may also be able to replace the use of 
antibiotics in ruminant nutrition once many plants 
produce secondary metabolites (Burt, 2004; 
Benchaar et al., 2008; Zhang et al., 2010). 
The functional oils contain secondary metabolites 
(terpenoids, phenolic compounds and others) 
that show antimicrobial activity toward Gram-
positive and Gram-negative bacteria (Burt, 2004; 
Benchaar et al., 2008).

Castor oil contains a high percentage of ricinoleic 
acid (Morris, 1967; Naughton, 2000) and 
cashews contain a high percentage of anacardic 
acid and a lower proportion of cardol and cardanol 
(Trevisan et al., 2006); which has antimicrobial 
properties (Novak; Clark; Dupuy, 1961; 
Shin; Kim; Kang, 2004).

On the other hand, factors that regulate dry 
matter intake by ruminants are complex and not 
fully understood. Nevertheless, accurate feed intake 
estimates are vital to predicting rate of animals gain. 
Previous research has established relationships 
between dietary energy concentration and dry matter 
intake by beef cattle, based on the concept that the 
consumption of less digestible, low-energy often 
high-fiber diets is controlled by physical factors 
such as rumen fill and digest passage, whereas the 
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consumption of highly digestible, high-energy often 
low-fiber, high-concentrate diets is controlled by the 
animal’s energy demands and by metabolic factors 
(NRC, 2000). The ingestive behavior is related 
to the intake, obtaining data to improve animal 
performance by feed intake (Albright, 1993). 
Animal performance is mainly influenced by dry 
matter intake that can be affected by the amount of 
fiber (Missio et al., 2010) and energy content in the 
diet (Freitas et al., 2010). Feed intake of diet with 
high concentration of NDF, increases the number 
and chewing duration and ruminating duration due 
to fill the rumen-reticulum (Dado; Allen, 1995). 
According to Van Soest (1994) ruminating duration 
is influenced by the nature of the diet and seems to 
be proportional to the cell wall content of forages. 
According to Forbes (1988) the ruminants can 
modify in part the ingestive behavior minimizing the 
effects of unfavorable dietary conditions, reaching 
their nutritional requirements for maintenance 
and growth. Bürger et al. (2000) found that period 
feeding duration of animal finished in feed-lot may 
vary from one to six hours, depending directly on 
the energy levels in the diet. The decrease of NDF 
caused by increased levels of concentrate (energy) 
in the diet reduces feeding and rumination duration, 
providing more time to animal performance as well 
as improving it, the same applies to other activities 
that require lower energy expenditures (Souza et 
al., 2007).

This work was carried out to study the feeding 
behaviour of Nellore bulls finished in feedlot and 
fed with diets containing glycerine and cashew and 
castor oils.

Materials and Methods

Local, animals, housing and diets

This experiment was approved by Department 
of Animal Production at the State University of 

Maringá (CIOMS/OMS, 1985). It was conducted at 
the JAE Farm in Colorado city, Paraná State, Brazil 
South.

Thirty crossbred Nellore bulls were used in a 
completely randomized design. At the start of the 
experimental period, the bulls weighed 400.0 + 
34.1 kg and were 22 ± 2 months old and vaccinated 
against clostridial diseases (Aftobov® – Merial of 
Brazil), treated against ectoparasites, wormed 
(Ivermectin® – Merial of Brazil) and weighed. 
Bulls were housed in collective pens with 100 m² 
on ground, equipped with feeders of 60 cm deep 
and 10 m length and drinkers with a capacity of 
250 liters of water. The intake of concentrate and 
corn silage were recorded daily until day 63 of the 
experimental period when the bulls reached a final 
body weight (BW) of 520.0 ± 27.9 kg.

The bulls were randomly assigned to 1 of 3 
diets: CON – Control, GLY – replacing of corn 
by 15% (on a total DM) glycerine diet and GFO – 
replacing of corn by 15% (on a total DM) glycerine 
with functional oils addition (3 grams/animal/day). 
The concentrate used was based on corn, soybean 
meal, glycerine, urea, limestone and mineral salt. 
Diets provided showed the ratio of 50% roughage 
(corn silage) and 50% concentrate (Table 1).

All the diets were formulated to be isonitrogenous 
and isoenergertics. Both chemical compositions of 
ingredients and diets are presented in table 2. The 
bulls were fed twice a day at 08:00 and 15:00 h. 
The diets were weighed daily so that the refusals 
represented 5% of the total. The diet formulation 
and quantity supplied were designed to provide 
a weight gain of 1.3 kg/day, according to (NRC, 
2000) the recommendations.

Glycerine was produced in a soy-diesel facility, 
while chemical composition was determined at 
the Institute of Technology of Paraná (TECPAR, 
Table 3).
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Table 1. Composition (% DM) of the diets.

Ingredients CON1 GLY2 GFO3

Corn silage 49.9 49.9 49.9
Corn cracked 40.1 24.6 24.6
Soybean meal 8.93 8.93 8.93
Glycerine 15.0 15.0
Limestone 0.50 0.50 0.50
Mineral salt 0.50 0.50 0.50
Urea 0.10 0.54 0.54
Oils 0.04

1Control, 2Glycerine, 3Glycerine + Functional oils.
Source: Elaboration of the authors.

Table 2. Ingredients and composition (% DM) of the diets.

Ingredients DM1 OM2 Ash CP3 EE4 TDN5 NDF6 ADF7 TC8 NFC9 FC10

Corn silage 31.5 95.5 4.41 7.78 2.88 56.0 52.4 29.4 84.9 32.5 52.5
Corn cracked 88.6 98.6 1.36 8.40 4.03 90.0 9.63 4.08 86.2 76.8 9.63
Soybean meal 89.3 92.8 7.24 47.3 1.13 81.5 13.9 9.86 44.3 30.4 13.9
Glycerine 88.0 94.5 5.50 1.00 10.0 90.0
Limestone 99.2 2.67 97.3
Mineral salt11 99.0 2.00 98.0
Urea 97.5 100 282
Oils 98.0 98.0 2.00
Diets
CON12 46.4 94.6 4.43 11.6 3.12 70.4 31.2 17.1 80.1 49.0 31.1
GLY13 46.4 93.6 5.47 10.7 3.98 70.0 29.7 16.5 67.1 43.5 23.5
GFO14 46.4 93.6 5.47 10.7 3.98 70.0 29.7 16.5 67.1 43.5 23.5

1Dry matter, 2Organic matter, 3Crude protein, 4Ether extract, 5Total digestible nutriments, 6Neutral detergent fiber, 7Acid detergent fiber, 
8Total carbohydrates, 9Non-fibrous carbohydrates 10Fibrous carbohydrates, 11Guarantee levels (per kg): calcium - 175 g; phosphorus – 
100 g; sodium – 114 g; selenium – 15 g; magnesium – 15 g; zinc – 6.004 mg; manganese – 1.250 mg; copper – 1.875; iodine – 180 
mg; cobalt – 125 mg; selenium – 30 mg; fluorine (maximum) – 1.000 mg, 12Control, 13Glycerin, 14Glycerine + Functional oils.
Source: Elaboration of the authors.

Table 3. Chemical composition of glycerine1.

Water, %2 12.47
Ashes, %  4.761
Glycerol, % 81.3
Alcohol – methanol, % 0.33
Crude protein, % 0.12
Fatty acids, % 0.13
Sodium, mg/kg 1.1634
Potassium, mg/kg 79.1
Calcium, mg/kg 35.8
Magnesium, mg/kg 16.3
Phosphorus, mg/kg 240

1TECPAR, Curitiba, Paraná, Brazil, 2Karl Fischer.
Source: Elaboration of the authors.
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The functional oils (FO) contain ricinoleic, 
anacardic, cardanol and cardol acids. The ricinoleic 
acid was obtained from castor oil (extracted from 
castor seed – Ricinus communis) and the anacardic, 
cardanol and cardol acids derived from cashew 
seed (Anacardium occidentale); both oils were 
produced in northern Brazil. Vermiculite was used 
for functional oils solidification. The functional oils 
were formulated by the Laboratory Oligo Basics 
Agroindustrial Ltd.

Performance and feed intake

To determine animal performance, the bulls were 
weighed once at the beginning of the experiment 
and then once every 21 days (after a fasting from 
solid food for a period of 16 hours).

Daily feed intake was estimated as the difference 
between the supplied feed and the refusals in the 
trough. During the collection period, samples of the 
supplied feed and refusals were daily collected and 
a representative composite sample was drafted per 
animal in each treatment for analysis.

Samples collection

The behavior activities were observed on 41 
and 63 days of experimental period during 48 h. 
To facilitate the activities, the bulls were numbered 
from 1 to 10 with black ink on hindquarter. During 
nocturne period, the facilities received artificial 
illumination. The bulls were adapted for artificial 
illumination three days before samples assessments. 
The data collections were carried out during 48 
consecutive hours, with a record of activities in 
specific ethogram every five minutes; being 288 
daily observations (Gary; Sherritt; Hale, 
1970). Other five scales (10, 15, 20, 25 and 30 min.) 
among observations periods were carried out to 
evaluate the time spent in intake activities according 
to methodology described by Silva et al. (2006). On 
the same day, according to methodology described 
by Bürger et al. (2000) it was performed the number 

of chewing per bolus (NCB); how many times bolus 
is chewed per day after regurgitation. Likewise, 
time per ruminated bolus was evaluated (TRB); 
how much time was spent for each bolus ruminated 
after regurgitation. The activities were unregistered 
using digital chronometers.

The determinations of the number of ruminated 
bolus per day (NRBD) and the time of total chewing 
(TTC, min/day) were conducted according to 
methodology described by Bürger et al. (2000) and 
determinate by equations following:

NRBD = TRD (sec/day)/DRT (sec/bolus)

TCT = DAT (min/day) + DRT (min/day)

Where TRD, TRB and TED meaning: time of 
ruminating per day, time ruminating per bolus and 
time of eating per day, respectively.

The number of chewing per day (NCD) was 
calculated by equation:

NCD = number of chewed bolus per day x 
number of ruminated bolus per day.

For a correct number of observations per turns, 
the data relating the numbers of time per chewed 
bolus, time per ruminated bolus, the number of 
ruminated bolus per day and the number of chewing 
per day were registered during four different turn 
periods: morning, afternoon, night and dawn. The 
observations were divided in four turns: one turns 
(1S) from 7h00 to 12h55, two turns (2S) from 7h00 
to 18h55, three turns (3S) from 7h00 to 00h55) and 
four turns (4S) from 7h00 to 6h55).Under the same 
parameters were compared four observations by 
bulls per turns (4R – CON, 3R, 2R and 1R; where R 
is replications).

The series of discretization by time was carried 
out on worksheets of data collection, with counting 
of discrete time (min/day) for eating (EAT), 
ruminating (RUT) and resting (RET), to according 
to Silva et al. (2006). The behavioral activities 
were collected by eight observers, divided into 
four turns who alternated every two hours (Gary; 
Sherritt; Hale, 1970).
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Chemical analyses

Dry matter content of the ingredients (silage 
and concentrate mix) was determined by oven-
drying at 105°C for 24h (AOAC, 1998) (method 
930.15). The OM content was calculated as the 
difference between DM and ash contents, with 
ash determined by combustion at 550°C for 5h 
(AOAC, 1998). The NDF and ADF contents were 
determined using the methods described by Van 
Soest; Robertson and Lewis (1991) with heat stable 
alpha-amylase for solubilization the amylaceous 
compound (Mertens, 2002) and sodium sulfite 
used in the NDF procedure, and expressed inclusive 
of residual ash. The content of N in the samples was 
determined through the Kjeldahl method (AOAC, 
1998) (method 976.05). Total carbohydrates (TC) 
were obtained by using the following equation: 
TC = 100 – (% CP +% EE +% Ash) (Sniffen 
et al., 1992). Non-fiber carbohydrates (NFC) were 
determined by the difference between TC and 
NDF. Total digestible nutrients (TDN) content of 
diets was obtained by the methodology descript by 
Kearl (1982): silage = -17.2649 + 1.2120 (% CP) 
+ 0.8352 (% ENN) + 2.4637 (% EE) + 0.4475 (% 

CF); energetic foods = 40.2625 + 0.1969 (% CP) 
+ 0.4228 (% ENN) + 1.1903 (% EE) + 0.1379 (% 
CF) and protein foods = 40.3227+0.5398 (% CP) 
+ 0.4448 (% ENN) + 1.4218 (% EE) – 0.7007 (% 
CF). The samples were analyzed in triplicate at the 
Laboratory of Feed Analyses and Animal Nutrition 
at the State University of Maringá.

Statistical analysis

The experimental design was completely 
randomised, with three treatments and ten 
replications. The results were statistically interpreted 
using (SAS, 2004) package: Yij= µ + Ti + eij, where 
Yij = dependent variables; Ti = treatment effect and 
eij = residual error.

Results and Discussion

Methodological aspects

The eating, ruminating and resting activities 
were similar (P<0.05) among time scale (Table 4). 
Thus, the intake behavior in Nellore bulls finished 
in feedlot can be assessed every 30 minutes.

Table 4. Intake behavior to according time scale observations of Nellore bulls finished in feedlot.

Intervals* EAT RUT RET NEP NRUP NREP TET TRUT TRET TCT
5 199 375 865 17a 19a 32a 11a 19a 26a 569
10 186 352 901 11b 15b 23b 16b 23b 39b 539
15 184 361 894 8b 13b 19b 20b 26b 46b 545
20 195 358 886 7b 11b 16b 26b 30b 56b 554
25 184 366 872 5b 10b 13b 30b 34b 64b 550
30 186 346 906 5b 9b 12b 33b 35b 73b 532
1VC, % 19.3 16.5 15.6 16.4 19.1 14.2 13.6 17.9 19.8 15.6

Eating time (EAT), ruminating time (RUT), resting time (RET), number of eating period (NEP), number of ruminating period 
(NRUP), number of resting period (NREP), total eating time (TET), total ruminating time (TRUT), total resting time (TRET) and 
total chewing time (TCT).1Variation coefficient.*Intervals in minutes. Means followed by different letters in the same column were 
different (P<0.05).
Source: Elaboration of the authors.

De Boever et al. (1990) observed that feed intake 
in cattle occurs more throughout the day, and the 

eating time varies more when compared with the 
ruminating and resting time. This could show that 
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the discretization of the series scale superior five 
minutes result in a greater loss of observations 
and consequently decrease the accuracy of the 
observations. However, Silva et al. (2005a) 
evaluated the ingestive behavior in dairy crossbred 
heifers grazing and concentrate-supplemented 
and recommend time scale up to 30 minutes to 
study the daily activities of eating, ruminating and 
resting. Likewise, Silva et al. (2005b) tested time 
scales 10, 15, 20, 25 and 30 minutes in Holstein vs. 
crossbred heifers zebu fed elephant grass silage and 
cassava and found no differences when compared 
to the interval of 5 minutes for the activities of 
eating, ruminating and resting. Those authors 
reported 30-minutes intervals of observations for 
such variables. Interval chose to discretize time 
series, i.e, time spent eating, ruminating and resting 
should be balance the power to detect changes as 
activities occur and the accuracy without incurring 
errors of assessment (Fischer et al., 2000). Some 
researchers have been working with different time 
scales and used five minutes (Ítavo et al., 2008; 
Freitas et al., 2010), 10 minutes (Bremm et al., 
2008) and 60 minutes between observations (Borja 
et al., 2009). The ingestive behavior, considering the 
number of discrete periods of activity, the time scale 
of observation more than five minutes is used once 
it better detect the frequency for each daily activity; 
which would decrease the loss of observations 
(Silva et al., 2006). However, this study shows 
that the record for activities of eating, ruminating 
and resting can be done at intervals of 30 minutes. 
The choice for this methodology is reliable; which 
is a very important factor, since visual observations 
with shorter intervals time is a process that increases 
the work for observers.

For the number for eating period (NEP), the 
number of ruminating period (NRUP) and the 
number of resting period (NREP) the values of time 
scales of observations from 10, 15, 20, 25 and 30 
minutes were similar (P>0.05) among them and 
lower (P<0.05) than values observed for time scale 
from 5 minutes (Table 4).

Differently, for the time of eating period (TEP), 
time of ruminating period time (TRP) and time of 
resting period time (TREP) the values observed 
from time scales of 10, 15, 20, 25 and 30 minutes 
were similar (P>0.05) among them and higher 
(P<0.05) for values observed from time scale of 5 
minutes (Table 4). The values means for the periods 
number were underestimated with scales of 10, 15, 
20, 25 and 30 minutes, whilst were overestimated 
for the same periods in time scales.

Such results show that the five minutes time 
intervals can be used once they determine a lower 
number of observations losses. While the scale 
of five minutes for eating period number were 
harvested 15 observations, on scales of 10, 15, 20, 
25 and 30 minutes were harvested eight, seven, five 
and four observations, respectively. The frequency 
of observations present such decreasing once the 
animals change the intervals of eating, ruminating 
and resting activities several times during the day 
(Penning et al., 1995; Kilgour, 2012). Thus, 
by increasing the intervals among observations, 
many of these activities are not recorded. The 
values observed among the tested intervals indicate 
that intervals above five minutes cannot be used to 
study when the aim it is to study the number and 
time for eating, ruminating and resting activities 
periods. Likewise, Carvalho et al. (2007) reported 
that the five-minutes scale was superior to the other 
ones for it allowed us to more accurately detect the 
daily frequency spent on each activity. These results 
were similar to those observed by Silva et al. (2006) 
revealing that studies are unable to determine the 
mean time spent eating, ruminating and resting at 
intervals above 10 minutes. According to Pinheiro 
et al. (2011a) the five-minute intervals results in less 
loss in the number of observations in Holstein vs. 
zebu heifers in feedlot.

The total chewing time (TCT) was similar 
(P>0.05) for all ranges of observations time. 
Likewise, Marques et al. (2008) working on 
crossbred bulls, aged 18 months on average and 
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weigh on average 398 kg, with three diets based on 
sugar cane and sorghum silage chopped and different 
levels of concentrate in the base of corn and soybean 
meal observed no differences among the intervals 
for the TCT. These results confirm the data observed 
by Silva et al. (2006) who also found no differences 
when compared time scales observations between 

five and 30 minutes in supplemented heifers and 
heifers in grazing, respectively.

The number of chewing per bolus (NCB), the time 
of ruminated bolus (TRB), the number of ruminated 
bolus per day (NRBD) and the number of chewing 
per day (NCD) were similar (P>0.05) among the 
number of observations per turns (Table 5).

Table 5. Intake behavior of Nellore bulls finished in feedlot according to the number of observations per turns.

Parameters
Observations turns*

VC(%)1 P>F
4S 3S 2S 1S

NCB, n°/bolus2 58.9 58.6 58.1 58.5 12.8 0.42
TRB, sec3 71.2 71.0 71.0 68.9 17.9 0.80
NRBD, n°/day4 325 527 332 341 20.9 0.83
NCD, n°/day5 19.132 19.146 19.181 19.621 21.1 0.97

1Variation coefficient, 2number of chewing per bolus, 3time of ruminated bolus, 4number of ruminated bolus per day, 5number of 
chewing per day5.
Source: Elaboration of the authors.

Thus, the behavior of those variables could 
be registered only one turn per day, as the results 
observed by Pinheiro et al. (2011b) in crossbred 
heifers (Holstein vs. Zebu) finished in feedlot and 
fed with different levels of cocoa meal and elephant 
grass silage addition in the diet. According to 
Mertens (1994) the fibrous component in the food 
stimulates rumination in order to reduce particle 
size and increase ruminal degradation of nutrients. 
This understanding leads to the conclusion that the 
similarity with increasing replications comes from the 
time when this data is collected, since replications are 
sequentially taken, in the same period of ruminating 
and consequently the same rumen contents.

Diets effects

The partial replacing of corn by glycerine (15% 
on a DM) as an energy source, and the addition of 
functional oils in the diets for bulls had no effect 
(P>0.05) on eating time (Table 6). However, 
ruminating time was lower (P<0.05) to bulls fed 
GLY diet than to bulls fed CON and GFO diets. 
Yet, ruminating time was similar between CON and 
GFO diets (Table 6). The resting time was similar 
(P>0.05) to bulls fed CON and GFO diets and lower 
(P<0.05) to bulls fed GLY diet (Table 6) to the bulls 
fed with two other diets.
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Table 6. Time of eating, ruminating and resting (% of time) of Nellore bulls finished in feedlot.

Activities
Diets

VC, %4 P>F
CON1 GLY2 GFO3

Eating 13.36 13.41 14.78 25.05 0.20
Ruminating  26.91a   22.33b   28.94a 14.47 0.05
Resting  59.73b   64.26a   56.28b  8.41 0.05

1Control, 2Glycerine, 3Glycerine + Functional oils. 4Variation coefficient. Means followed by different letters in the same column 
were different (P<0.05).
Source: Elaboration of the authors.

The ingestive behavior of cattle grazing is 
characterized by long periods of feeding (from four 
to 12 hours per day) focusing on early morning 
and late afternoon (Hicks; Owens; Gill, 1989; 
Kilgour et al., 2012). However, to cattle in feedlot 
the periods can change from one hour to foods rich in 
energy to six or more hours to foods with low energy 
(Polli et al., 1996; Kilgour, 2012)

Diet composition change the ingestive behavior 
in ruminants (Stricklin; Kautz-Scanavy, 
1984). Differently, the results of this experiment 
Farias et al. (2012) observed that heifers fed with 
diets containing glycerine in place of corn required 
more time for feed intake when compared to animals 
fed diets without glycerine, since the physical 
characteristics of glycerine difficult feed intake 
(Elam et al., 2008).

The reduced ruminating time of bulls fed with 
glycerine diet inclusion may have been caused by 
a reduction in NDF intake, since glycerine does 
not contain fiber in its composition (Table 1). The 
fiber content in the diet stimulates rumination of 
cattle (Mertens, 1994). On the other hand, the 
resting time was increased (P<0.05) for animals 
fed with GLY diet, since the variables are not 
exclusive. Thus, the reduction in the ruminating 
time induces an increase in the resting time. As 
observed by Bürger et al. (2000) in Holstein calves 
receiving different concentrated levels (30-90%), 

the eating time varied from 115.2 to 295.2 min./day, 
ruminating time from 253.8 to 451.2 min./day and 
resting time from 655.2 to 1007.4 min./day. These 
results show that the ruminating time is reduced 
linearly when the NDF content of the diet is low, as 
observed in this experiment.

The functional oils added in the diet increased 
(P<0.05) ruminating time and, consequently, reduced 
resting time. Such behavior could be explained by 
the action of functional oils on microorganisms 
present in rumen; similar to that of ionophores. 
The ionophores modulate interaction among rumen 
microorganisms inhibiting gram-positive bacteria 
(Goodrich et al., 1984). Thus, the reduction 
of the microorganism’s population in the rumen 
requires more ruminating time to complete food 
digestion (Van Soest, 1994).

The number of eating period was similar 
(P>0.05) for bulls fed with glycerine inclusion in 
the diets (GLY and GFO) and superior (P<0.05) 
to the bulls fed with CON diet (Table 7). Thus, 
glycerine addition in the diet increased the number 
of eating period. However, functional oils addition 
did not affect the number of eating period. The 
number of eating period was 17.8 times per day; 
which may be modified by the diet nature, but, in 
general, the number for eating period for cattle 
finished in feedlot ranges from 14 to 20 times per 
day (Bürger et al., 2000).
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Table 7. Numbers of eating (NEP), ruminating (RUP), resting periods (NREP) and durations of eating (DET), 
ruminating (DRUT) and resting (DRET) time of Nellore bulls finished in feedlot.

Parameters
Diets

CV, %4 P>F
CON1 GLY2 GFO3

NEP, nº/day  14.55b  20.20a  18.70a 14.62 0.04
NRUP, nº/day 19.42 18.85 20.80 14.00 0.27
NREP, nº/day  28.83b  35.50a  34.30a 10.69 0.02
DET, min./visit 13.36  9.62 11.58 22.37 0.52
DRUT, min./visit 20.17  17.37 20.26 17.61 0.37
DRET, min./visit 29.84a   26.69b   24.04b 17.28 0.06

1Control, 2Glycerine, 3Glycerine + Functional oils. 4Variation coefficient. Means followed by different letters in the same line were 
different (P<0.05).
Source: Elaboration of the authors.

Glycerine is a colorless, dense, sweet and 
a stringent product, when it contacts with the 
animal’s mouth and tongue hinders feed intake. 
Thus, the animal is forced to return several times 
to feeder to satisfy its hunger. Another theory 
that could explain such behavior would be the 
metabolic pathway of glycerine metabolism in 
cattle. Glycerine is converted to short chain fatty 
acids by rumen bacteria and when in excess may 
inhibit feed intake for a short period of time 
(Garton; Lough; Vioque, 1961). The feed 
intake reduction by propionate infusion into rumen 
has been documented in literature (Bergen, 
1972; Allen, 2000).

The number of ruminating period was similar 
(P>0.05) for bulls fed with three diets, with mean 
value of 19.7 times per day (Table 7). According 
to Rabelo et al. (2008) diets with higher NDF 
determine an increase in number of ruminating 
period. However, although diets with glycerine 
inclusion present a lower NDF; the number of 
ruminating period was similar to that CON diet 
(higher fiber).

The number of resting period was similar 
(P>0.05) for bulls fed glycerine diets (GLY and 
GFO) and being higher for bulls fed CON diet 
(Table7). The number of resting period was 32.7 

times per day.

Both corn replaced by glycerine and functional 
oils addition in the diet did not affect (P>0.05) 
duration of eating and ruminating time (Table 7). 
According to Mertens (1994) the ingestive behavior 
of cattle changes with food characteristics to keep 
feed intake and production levels. Those authors 
noted, however, that the adaptability of capacity is 
limited. Increasing the fiber supply did not increase 
the ruminating time in more than eight or nine hours 
per day.

The duration of resting period was superior 
(P<0.05) for bulls fed CON diet in relation to the 
bulls fed with GLY and GFO diets (Table 7), with 
mean value of 26.9 minutes per day. Values close to 
those were observed also by Pinheiro et al. (2011b) 
in crossbred Holstein vs. Zebu cows fed diets with 4 
levels of inclusion of cassava bagasse (0, 5, 10 and 
15% on a DM) with a mean of 25 minutes per day 
for each resting period.

The number of chewed bolus and the mean 
number of ruminating time (second per bolus) were 
similar (P>0.05) among bulls from three diets (Table 
8). The mean values of 58.9 chewing per bolus and 
71.2 seconds per ruminated bolus, respectively, 
were observed.
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Table 8. Number of chewed bolus (NCB), time of ruminated bolus (TRB), ruminated bolus day (RBD), number of 
chewing per day (NCD) and time of total chewing (TTC) of Nellore bulls finished in feedlot.

Activities
Diets

CV, %4 P>F
CON1 GLY2 GFO3

NCB, nº/bolus 60 58 58 12.34 0.56
TBR, seg/bolus 74 69 71 22.89 0.73
RBD, nº/day 328ab 286b 360a 20.05 0.04
NCD, n°/day 19.75ab 16.65b 20.99a 17.37 0.03
TTC, min./day 569ab 512b 626a 17.22 0.03

1Control, 2Glycerine, 3Glycerine + Functional oils. 4Variation coefficient. Means followed by different letters in the same line were 
different (P<0.05).
Source: Elaboration of the authors.

The number of chewed bolus per day and the 
time of ruminating bolus vary according to diet, 
sex and age. Bürger et al. (2000) observed that the 
number of chewed bolus per day changed from 51.5 
to 76.1 times per bolus in dairy cows. Polli et al. 
(1996) working with different roughages sources 
(corn silage or sugar cane) did not find differences 
for number of chewed bolus per day (55 times) and 
the time of ruminating bolus (55 seconds). Likewise, 
several authors found no differences for number of 
chewing per bolus ruminated in lactating cows and 
heifers finished in feedlot and fed with different 
diets. The observed values were close to 52 chewing 
per bolus and 46 seconds per each ruminated bolus 
(Mendonça et al., 2004; Mendes Neto et 
al., 2007). Those published data show that such 
parameters exhibit great variation depending on the 
various factors that can influence these variables.

Replacing corn by glycerine in the diets did not 
affect (P>0.05) the number of ruminated bolus per 
day, the number of chewing per day or the time 
of total chewing by bulls (Table 8). However, for 
the GFO diet the number of ruminated bolus per 
day, number of chewing per day and time of total 
chewing by bulls were higher (P<0.05) than what 
GLY diets presented. The value mean for the number 
of ruminated bolus per day was 324. Likewise, 
Beauchemin and Iwaasa (1993) observed from 350 
to 397 ruminated bolus per day in Hereford heifers 
reared in pasture; which is close to the number 

found in this study.

The mean value for the number of chewing per 
day was 19.133 times. These values were lower 
than what observed by Pinheiro et al. (2011a) 
in crossbred heifers (Holsteins vs. Zebu) dairy 
initially aging 13 months old and weighing 166 kg 
finished in feedlot and fed with babassu meal and 
grass elephant silage. According to Forbes (1988) 
the ruminants may modify one or more of their 
ingestive behavior activities in order to minimize the 
effects of different dietary conditions, thus meeting 
their nutritional requirements for maintenance and 
growing.

The time of total chewing is the sum of eating 
time and the ruminating time during the 24 hour-
observation, which showed an average of 569 
minutes per day. Macleod et al. (1994) observed 
603 minutes per day for chewing in cattle finished 
in feedlot. The value mean of total chewing time 
changes from 368 to 745 minutes as shows by 
Bürger et al. (2000).

Conclusions

Both partial replacing of corn by glycerine and 
functional oils addition in the diets did not affect 
the time spent feeding; however, they increase the 
number of daily periods for this activity in Nellore 
cattle in feedlot. Animals fed diets with corn 
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partially replaced and functional oils ruminated 
for a longer time. The observations for total times 
of feeding, ruminating and resting activities can 
be performed through an interval of 30 minutes. 
For the discretization of time series of ingestive 
behavior, it is recommended to scale five minutes 
between observations. To study aspects of ingestive 
behavior of bulls in feedlot only one observation 
per animal may be performed at only one turns of 
observation.
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