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Original Research Article
Correlation between intake and feeding behaviour of Holstein calvesfed diets

supplemented with pelletsand mash

ABSTRACT

The objective was to evaluate the correlation betwbehaviour al and
intake variables of Holstein calves fed pellets amell. Twelve pure Holstein
calves with initial average age of 10 days and wed 27.5 kg were used; The
experimental design used in this study was a Zactrial design (two types of
feed and two feeding stages lactation and posttiact periods), with six
repetitions. Was found significant effects the tiallecated to eating, rumination
and resting. The data concerning the efficiencyeetdling and rumination, total
chewing time, number of ruminal boluses, ruminatiome/bolus and the number
of chews per cud/bolus and discretization of threetseries. There was a moderate
positive correlation between the variable behaviday matter per bolus, number
of discrete eating and resting periods and thealégiof dry matter intake (DMI).
There was a strong positive correlation betweenvireables of behaviour: total
chewing time, NDF/BOLUS, ADF/ BOLUS and neutral etglent fiber (NDF)
and acid detergent fiber (ADF) intake variablesefEhwas a negative moderate
correlation between the behaviour variable TRP dtirasting period) and the
NDF and ADF intake variables. According to the etations found in this study,
between the behaviour aspects and intake of NRIFA®IF can support studies
aimed to the formulation of diets supplemented thake understanding on

behaviour of food intake by animals.
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INTRODUCTION

The probability that food is ingested depends onuanber of factors
inherent to food, animal behaviour and environn{Bereira et al., 2009).

Several factors can interfere with the daily atitd@ of the animals: forage
characteristics, time of food supply, temperatapace available to animals raised
in confinement and others. These factors can kabwut changes in the time of
ingestion or consumption of food, affect the anirpatformance and hence the
efficiency of the productive system.

Given the above, the intake of forage, milk andpéeiments by calves
should be known through the study of ingestive beha in order that the
nutritional management can be adjusted; thus,dimedlation of more appropriate
diets that meet the requirements of animals is esedonsidering that it is
directly connected with the performance and deteesiihow long the animals
will remain at this stage (Silva et al., 2011).

Over the last years, the need for further infororation adequate
nutritional management methods and understandiegfébding behaviour of
ruminants has generated investments in resear¢hesgeneration of these data
shall make it possible to develop correlationaldss that, through detailed
examination, will enable the selection of behavialirvariables to predict the
consumption of these animals. By identifying thpsgéential variables, it will be

possible to develop predictive models that coulcueately estimate the variable
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of dry matter intake, which in turn is consideressential in nutrition and
performance trials. Thus, the aim of this work wasevaluate the correlation
between the variables of behaviour and food copsion by Holstein calves fed

pellets and meal.

MATERIAL AND METHODS
Animal management and sampling

The experiment was conducted at the Cattle Farroimigg of University
State Bahia, between November 2004 and Februar$.ZD@elve Black and
White Holstein calves aged 10 days and weighin§ R@, were randomly divided
into two treatment groups six animals per treatm@iie experimental design
used in this study was a 2 x 2 factorial desigro(types of feed and two feeding
stages lactation and post-lactation). The animatsewconfined in individual
concrete-floored stalls of 2.5°mThe length of the trial period was 91 days,
whereof 7 days were for the adaptation of anin@ks hew environment, diet and
experimental methods.

A diet consisting of a Sprayfo® milk replacer at8 ldilution and
concentrate were provided libitum during suckling.

The concentrates had the same bromatological catigmpsbut one of
them was supplied as meal and the other as pelléis. composition of the

replacer is shown in Table 1 and that of hay amgtentrate is shown in Table 2.

Table 1- Chemical composition of the milk replaaeed for feeding calves

Item Replacer (%
Dry Matter (maximum) 97.0
Crude proteih (minimum) 20.0

Lactose (minimum) 450



74

75

76

77

78

79

80

81

82

83

Fat conterlt(minimum) 15.0

Fiber (maximum) 0.4
Ashes (maximum) 8.5
Calciunt (minimum) 0.7
Phosphorus(minimum) 0.7

19 in dry matter.

The replacer was daily distributed at 7:00 a.nfivia liter plastic buckets,
while the concentrate was provided at the same, timewood-clad plastic
buckets. Water was provided ad libitum in full-tiraeailable in automatic shell-

shaped container. During the first 60 days of ageh animal daily received four

kilograms of milk replacer and concentratklibitum.

Table 2- Proportion of ingredients (%) and chemical compasibf concentrat

and hay in the diet of calves

Item % of dry Matte
Concentrate

Milled grains of maize 44.8

Soybean meal 39.23

Wheat meal 9.45

Mineral sal® 40

Palm oi 20

Sodium bicarbona 10

Calcitic limestone 0.24

Chemical composition of fe:

DM 91.18

CF 23.38

EE 31

NDF 15.02

ADF 8,09

Calcium 1.0

Phosphorus 0.50
Chemicahtposition of hay

DM 92.77

CP 6.30

EE 0.35

NDF 81.50

ADF 51.82

Dry Matter (DM); Crude Protein (CP); Ether ExtrdBtE); Neutral Detergent Fibre (NDF); Acid

Detergent Fibre (ADF)

191.8% DM of natural matter.
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% Ca (233g/kg), P (80g/kg), Mg (5g/kg), Na (48g/k@h (25mg/kg), Cu (380mg/kg), | (25mg/kg),
Mn (1080mg/kg), Se 3.75 mg/kg, Zn 1722 mg/kg, 300.0.I of vitamin A/kg, 55.000 U.l of

vitamin D/kg, 200 mg of vitamin E/kg.

The amount of concentrate provided was adjustecdrdiog to the
previous day’s intake, thus allowing an availapitiate of 5-10% as leftovers (for
safety). The amount of concentrate provided waly dacorded and the amount of
leftovers was weekly assessed and weighed for esiegfe animal. The animals
were weaned at 60 days of age and then starteel tedotwo Kg concentrate/day
and hay made from chopped and pre-dried elephaatsgiPennisetum
purpureum) (ad libitum). Hay supply was monitored in order that 5-10%oledrs
were produced. The concentrate feed samples weredsin plastic bags and
shortly thereafter ground in a 1mm mesh sieve titssequent laboratory analysis
for Dry Matter (DM), Crude Protein (CP), Ether Eadt (EE), Neutral Detergent

Fibre (NDF) and Acid Detergent Fibre (ADF) (SileaQueiroz, 2002).

Ingestive Behaviour

The animals were subjected to four full-time oba@ibn periods (24
hours) by trained observers, for evaluation ofrtivegestive behaviour , totaling
two days of observation per experimental periodtéiton and post-lactation
periods) (Fischer, 1996). In order to determine tilme spent on each activity,
data collection was performed using appropriateeapsheet. At night time,
artificial lighting was used. The animals were ditaeously observed at
intervals of five minutes, during the 24 hour pdriototaling 288 daily

observations (Gary et al., 1970) to identify theoant of time allocated to eating,
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rumination and resting. The collection and processf data concerning the
efficiency of feeding and rumination (g/h), totalesving time, number of ruminal
boluses, rumination time/bolus and the number adweh per cud/bolus using
digital timers handled by trained observers wergi@a out according to the
procedures described by (Birger et al., 2000). rBisgation of the time series
was directly made in data collection spreadshéethjding the count of discrete
feeding, rumination and resting periods, as desdrity (Silva et al., 2003). The
average duration of each discrete period was adddny dividing the day-time of

every activity by the number of discrete periods.

Satistical analysis

Data analysis was carried out with the Pearsomeati correlation
coefficient between the behaviour variables ardDM, NDF and ADF intakes.
The coefficients found had their significance ot through the Student's t-test
at 5% probability, using the software package Stiaél Analysis for Genetic

Epidemiology — SAEG - Federal University of VicdSAEG, 2000).

RESULTS AND DISCUSSION

The variables, rumination and resting are not dated with DMI
(P>0.05). According to (Pinto et al., 2010), thmdispent by the animals to rest
and rumination do not interfere in the consumptasndry matter and neutral
detergent fiber, therefore, can not be used asatalis of consumption actual,
indicating that these variables do not correlaegdrding the intake of NDF and
ADF, these variables (P<0.05) showed positive taticn with feeding and

strong positive correlation with rumination andties (Table 3).
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Table 3 - Correlation between the sum of variabdésted to behaviour and food
intake by Holstein calves.

Intake Variables

Behaviour DM Intake NDF Intake ADF Intake
Variables
r P r P r P
Feedint - - 0.76 0002z 0.69 0.0062
Ruminatior - - 0.87 0.0001 0.88 0.0001
Restin( - - 085 0000z 084 0.000z

Dry Matter (DM); Neutral Detergent Fibre (NDF); lldDetergent Fibre (ADF)

In line with the results observed in this studyading to results found for
(Missio et al., 2010), have evaluated the ingesbehaviour of confined cattle
fed different levels of concentrate and have fouhdt the levels of neutral
detergent fiber (NDF) had a correlation of 0.72hwihe total resting time.

Regarding the behaviour al variables, number fepgiriods (NFP) and
number periods of resting (NRP), there was positieerelation with the dry
matter intake variable (DMI) (Table 4).

It is therefore possible to associate such occoeenith the dry matter
intake (DMI) that can determine a higher conceitrabf necessary nutrients to
meet growth needs and this consumption can beetklad several factors.
(Mateus et al., 2010), reporting that the levetohcentrate used in the diet, may
influence changes in consumption, nutrient digditiband the performance

parameters .

Table 4 - Correlation between number and time edlileg, rumination and resting
and dry Matter(DM), neutral detergent fiber (NDF) and acid detetg&ber
(ADF) intake by Holstein calves.

Behaviour Variables Intake Variables
DM Intake NDF Intake ADF Intake
r P r P r P

NFF 076 0.002Z - - - -
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NRuP - - - - - -
NRP’ 0.53 0.0376 - - - -
TFP - - 0.82 0.0005 0.79 0.0010
TRUP - - 0.85 0.0003 0.89 0.0001
TRP - - -0.63 0.0135 -0.58 0.0229

1 humber feeding period, number rumination period, number resting period,time feeding

period,® time rumination periodtime resting period

The times per feeding (TFP) and rumination perioByYP) were highly
correlated with NDF and ADF intakes (Table 4). @tations between the TFP
and TRuP with the NDF and ADF intake are probahlg tb the massive rate of
passage of forage, whose limitation is the physafact caused by the high hay
NDF content. When high NDF concentrations are priesethe diet, the animal
tends to have a greater number of meals and coes#yguthere is direct
interference in TFP and TRuP expenses for acquiaind breaking food into
smaller particles.

Moderate and negative correlations were observédesm TRP (r = -
0.58, P = 0.00229) and NDF and ADF intakes. Theelotlie interest in animals
concentrate diet, the greater the consumption mirration and neutral detergent
fiber per unit of time, since in general have ahhigrage NDF and ADF. The
probable explanation for this is that, since thévies are mutually excluding
when NDF is increased, the animals have to feedamihate for longer periods,
which results in a reduction in time per restingqu

The efficiency of feeding and rumination of DM wanoderately
positively correlated with DM (Table 5). As the tbwas provided in the form of
pellets or meal, the observed time of ingestionhef pellets was observed to be

shorter than that regarding the meal. That hasroedun both feeding phases and
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may be explained by the fact that the more conatedrthe diet, the higher its
intakeand efficiency.

The presence of concentrated supplement in animakdntributes to an
increase in efficiency of feeding and efficiencyramination, (Mendes Neto et
al., 2007), report that food concentrates requess Itime to ruminated forages
when compared to the thus animals can ruminatedangount of dry matter per

unit time (kgMS.hora-1).

Table 5 - Correlation between the efficiency ofdieg (Effe) and rumination
(Efru) (g/h) and Dry MatterDM), neutral detergent fiber (NDF) and acid
detergent fiber (ADF) intake by Holstein calves.

Intake Variable

Behaviour Variables DM Intake NDF Intake ADF Intake
r P r P r P
EffeDM 0.65 0.0106 - - - -
EffeNDF 0.85 0.0003 - - - -
EffeADF 0.82 0.0005 - - 0.52 0.0411
EfruDM 0.58 0.0233 - - - -
EfruNDF 0.97 0.0000 - - - -
EfruADF 0.95 0.000c - - - -

EffeDM = efficiencyfeeding Dry Matter; EffeNDF = efficiency feedinguieal detergent fiber;
EffeADF = efficiency feeding acid detergent fib&fruDM = efficiency rumination Dry Matter;
EfruNDF = efficiency rumination neutral detergeiiiefr; EfruADF = efficiency rumination acid

detergent fiber.

Unlike the results for DM intake, NDF intake wast correlated (P>0.005)
with the efficiency of feeding and rumination redjag DM, NDF and ADF. Yet,
regarding ADF consumption, there was only modeeatd positive correlation
with the feed efficiency of DM (Table 5). According (Van Soest, 1994) the
feed efficiency used by animals to acquire foorklated to the time allocated for

consumption of food and to the specific weighthef food consumed.
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There was a moderate and positive correlation bEwdry matter per

ruminated bolus (DM/BOLUS) and dry matter intakeV{pas shown in Table 6.

Table 6- Correlation between the sum of variabédsted to behaviour and food
intake by Holstein calves.

Intake Variables

Behaviour Variables DM Intake NDF Intake ADF Intake
r P r P r P

TMT? - - 0.80 0.0009 0.80 0.0010
DM/BOLUS? 0.67 0.0085 - - - -
NDF/BOLUS® - - 0.99 0.0000 0.98 0.0000
ADF/BOLUS' - - 0.98 0.0000 0.97 0.000
BOLUSES/DAY - - 0.98 0.0000 0.94 0.0000
TIME/BOLUS - - 0.63 0.0137 0.61 0.0184
CHEWING/BOLUS - - 062 0.015C 06C 0.019-

! total chewing time? dry matter (DM) /bolus? neutral detergent fiber (NDF) /bolu$,acid

detergent fiber (ADF) /bolus.

Considering that the dry matter intake does ndy fidflect the amount of
fractions with lower digestibility potential andathit may vary depending on the
levels of non-structural carbohydrates of NDF ardFAevels, dry matter intake
truly do not show a high correlation with the vateunder study. Understanding
nutrient intake through the study of behaviour atiables would provide less
invasive and stressful solutions. Such informai®extremely important for the
traditional nutritional studies, considering thia¢y interfere with the environment
where the animals are raised, causing a seriescohveniences that can disturb
their biological functioning. This study has iddietil a high positive correlation
between the variables of behaviour al aspects aadbtal chewing time (TMT),
neutral detergent fiber per ruminated bolus (NDRBS), acid detergent fiber
per bolus (ADF/BOLUS), daily ruminated boluses, dirper ruminated bolus,

chews per ruminated bolus and NDF and ADF intakes.
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The high correlation between these variables stibe/strong association
between the behaviour al aspects related to fotaken For a long time, many
researchers have put into question the actual nesisi of behaviour al studies
related to food intake. The information contained this publication can
potentially guide innovative researches aimed atuge of behaviour al variables
as a tool for guiding the development of new priagicfood intake methods for

both confined and in field cattle.

CONCLUSION

According to the correlations found in this stutigtween the behaviour
aspects and intake of NDF and ADF can support esugiimed to the formulation
of diets supplemented based the understanding bavimr of food intake and

may cause positive results for animal performance.

REFERENCES

1. Pereira ES, Mizubut 1Y, Ribeiro ELAA, VillarrdéABS, Pimentel PG. Intake,
apparent digestibility of nutrients and feedingdabur of Holstein cattle fed
hay diets containing Tifton 85 with various paridizes. Brazilian journal of
animal science, 2009; 38:190-195.

2. Silva RR, Silva FF, Mendes FBL, Almeida VVS,rzdho GGP, Lisboa MM.
Study of correlations between discrete periodsedidiour with the variables
of food intake by Holstein calves supplemented wpttleted and mash.
Proceedings ... 48th Annual Meeting of the Braumili8ociety of Animal
Science: The Development of Animal Production anéspg®nsibility

Challenges Facing New Belém — PA, 2011.



232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

12

. Silva DJ, Queiroz AC. Food analysis (chemical biological). VicosaFederal

University of Vigosa, 2002; p.235.

. Fischer V. Effects of photoperiod, the grazimggsure and diet on the feeding

behaviour of ruminants. Thesis (Ph.D. in Animaledce) - Federal University

of Rio Grande do Sul, Porto Alegre, 1996; 243p.

. Gary LA, Sherritt GW, Hale EB. Behaviour of Chlais cattle on pasture.

Jounal Animal Science, 1970; 30: 303-306.

. Burger PJ, Pereira JC, Queiroz AC, Coelho deaSIF, Valadares Filho SC,

Cecon PR, Casali ADP. Ingestive behaviour in Holstealves fed diets
containing different levels of concentrate. Brailjournal of animal science,

2000; 29 (1): 236-242.

. Silva RR, Silva FF, Veloso CM, Aguiar MSM, Caiva GGP, Almeida VS,

Santos CB, Dutra GS, Matos RS. Assessment of ivgeBehaviour of %
Holstein x Zebu heifers fed elephant grass silalygs 0% cassava meal.
Methodological Aspects. In: #0Annual Meeting of the Brazilian Society of

Zootecnia, 40, 2003, Santa Maria. ProceedingantaSVaria: SBZ, 2003.

. Federal University of Vicosa. SAEG - Systemistats and genetic analysis.

Version 8.0. Vigosa, 2000. 142 p. User manual.
Pinto AP, Marques JA, Abrahdo JJS, Nascimen@®, Wosta MAT, Lugéao
SMB. Behaviour and Ingestive Efficiency of YoungiB in Feedlot With

Three Different Diets. Archivos de zootecnia, 28690(227): 431.

10. Missio RL, Brondani IL, Filho DCA, Silveira MHreitas LS, Restle J.

Ingestive Behaviour of feedlot finished bulls féidferent concentrate levels

in the diet. Brazilian journal of animal scienc819; 39:1571-1578.



256

257

258

259

260

261

262

263

264

13

11. Mateus RG, Silva FFD, itavo LC¥ al. Supplements for rearing of Nellore
cattle in the dry season: performance, consumptam nutrient

digestibility. Acta Scientiarum. Animal Science§12;33 (1): 87-94.

12. Mendes Neto J, Campos JMS, Valadares FilhoL86a RP, Queiroz AC,
Euclydes RF. Feeding behavior of dairy heifers fattus pulp in
substitution of Tifton 85 hay Brazilian JournalAfimal Science, 2007; 36

(3): 618-625.

13. Van Soest PJ. Nutritional ecology of the rumin&.ed. Ithaca: Cornell

University Press, 1994;476p.



