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Abstract

The experiment was conducted to evaluate the ingestive behavior of buffalo fed sugarcane with different
levels of concentrate. Twenty four Murrah buffaloes with body weight of 219+23 kg and nine months old
were assigned to completely randomized design. Animals were placed in individual pens where they
received diets ad libitum, twice a day. The experimental period has divided into 30 d for adaptation and 84
d for observations and samples collection. Four treatments were used: 1) 80% sugarcane (SC) + 20%
concentrate (C); 2) 60% SC + 40% C; 3) 40% SC + 60% C; 4) 20% SC + 80% C. The diets were isoproteics and
urea/ammonium sulfate was used at 9:1 ratio to correct the protein level of sugarcane. The evaluated
variables were time spent feeding (TSF), ruminating (TSR), idle (TSI), dry matter intake (DMI), feeding
efficiency of dry matter (FEpy), rumination efficiency of dry matter (REpy), number of meals, duration of
meal and duration of breaks between meal. A regression analysis was performed using the MIXED
procedure. DMI was positively affected (P<0.05) by concentrate levels. The treatments had no effect
(P>0.05) on TSF. However, the TSR and number of meals decreased linearly (P<0.05) as the dietary levels of
concentrate increased. TSI, duration of meal and duration of breaks between meals increased linearly
(P<0.05). Increasing levels of concentrate up to 80% in sugarcane based diets influence directly the feeding
behavior of buffaloes resulting in fewer daily meals and more time in the trough, improving the feeding and
rumination efficiencies.
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Comportamento ingestivo de bufalos alimentados com niveis crescentes de concentrado em dietas com
cana-de-agucar

Resumo

O experimento foi conduzido para avaliar o comportamento ingestivo de bufalos alimentados com cana-de-
agucar e diferentes niveis de concentrado. Vinte e quatro bufalos Murrah com peso corporal de 219 + 23 kg
e nove meses de idade foram distribuidos em delineamento inteiramente casualizado. Os animais foram
manejados em baias individuais, onde receberam dietas ad libitum, duas vezes ao dia. O periodo
experimental foi dividido em 30 dias para adaptagdo e 84 dias para observacGes e coleta de amostras.
Foram utilizados quatro tratamentos: 1) 80% de cana-de-agucar (SC) + 20% de concentrado (C); 2) 60% SC +
40% C; 3) 40% SC + 60% C; 4) 20% SC + 80% C. As dietas foram isoproteicas e uma mistura de ureia/sulfato
de amonio na proporgao de 9:1 foi utilizada para corrigir o nivel de proteina da cana-de-agulcar. As variaveis
avaliadas foram: tempo gasto na alimentagdo (TSF), ruminagdo (TSR), 6cio (ETI), consumo de matéria seca
(DMI), eficiéncia alimentar em funcdo do consumo de matéria seca (FEDM), eficiéncia da ruminacdo em
funcdo do consumo de matéria seca (REDM), nimero de refei¢cdes, duracdo da refeicdo e duracdo dos
intervalos entre as refeigdes. Uma analise de regressao foi realizada usando o procedimento MIXED. O DMI
foi afetado positivamente (P<0,05) pelos niveis de concentrado. Os tratamentos ndo tiveram efeito
(P>0,05) no TSF. No entanto, o TSR e o numero de refei¢des diminuiram linearmente (P<0,05) a medida que
os niveis alimentares de concentrado aumentaram. A ETI, a duragao da refei¢gdo e a duragdo dos intervalos
entre as refeicGes aumentaram linearmente (P<0,05). Niveis crescentes de concentrado em até 80% em
dietas a base de cana-de-aglcar influenciam diretamente o comportamento alimentar dos bufalos,
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resultando em menos refei¢cdes didrias e mais tempo no cocho, melhorando a eficiéncia de alimentacgdo e

de ruminagao.

Palavras-chave: Bubalus bubalis; eficiéncia alimentar; refeicdes, ruminagao; Saccharum officinarum

Introduction

Buffalo is increasingly becoming popular
in several parts of the world because of its
superior quality of milk, better ability to adapt to
different climates and to poor quality crop
residue based fibrous diets and their high fertility
rates (PAUL; LAL, 2010). The highest growth rate
in buffalo population has been recorded in the
American continent where its number is growing
at a rhythm of 12.7% per year (PAUL, 2011). It
can be estimated that the buffalo population in
Brazil is something between 3.0 and 3.5 millions
of animals, distributed in about 25.000 herds in
all regions of the country, usually in small and
medium farms, having a bigger concentration
(62%) in the North region, mainly destinated to
meat production. However, from years 80/90,
there has been a growing interest in milk or
double purpose exploration (meat and milk)
(BERNARDES, 2007). From 2007 to 2008, the
buffalo herd in the northeast region of Brazil
increased by 12.5% against 0.5% for the cattle
herd, demonstrating the growing interest in
raising buffalo (ARAUJO et al., 2012).

Usually the buffaloes explorations are
made under extensive systems having as
alimentary base native or cultivated tropical
pastures and most of the time without the
concentrated food. The forage supplementation
is made very often in the worst feeding season,
especially the sugarcane (BERNARDES, 2007). For
the efficient use of a food alternative, it is
necessary to know the physiological mechanisms
of the animals involved and their feeding
behavior, as these factors directly affect
productive performance (SILVA et al., 2016).

Research  information  about the
sugarcane in buffalo feed are scarce. Sugarcane is
a tropical roughage, poor in crude protein but
high in dry matter production. Is traditionally
used in Brazil because its production coincides
with the period of forage scarcity (MARIZ et al.,
2013). However, sugarcane fiber has a low
digestibility and may have a depressing effect on
feed intake. Best animal performance has been
observed using sugarcane as a roughage source in
high-concentrate diets.
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The ingestive behavior of ruminants has
been studied for a long time. Understanding of
ingestive behavior in different
roughage/concentrate ratios is essential for the
development of management strategies aiming
to optimize animal production. The ingestive
activities are concentrated in discrete periods
during the day, heterogeneously distributed over
the circadian period (SILVA et al., 2008) and the
diet composition affect theses activities. Based
on the hypothesis that different concentrate
levels in sugarcane based diets modify the
ingestive behavior of animals, the aim of this
study was to evaluate the ingestive behavior and
the meal dynamics of Murrah buffaloes fed
increasing levels of concentrate.

Material and Methods

The experiment was performed at the
Animal Science Department located in Federal
Rural University of Pernambuco, Recife, Brazil.
The management and care of animals were
performed according to the guidelines and
recommendations of the Committee of Ethics on
Animal Use (CEUA — license 075/2015, UFRPE).
Twenty-four animals, with a mean age of 9
months and an initial body weight of 240 £+ 50.5
kg, were distributed to four treatments: 20%
concentrate and 80%  sugarcane, 40%
concentrate and 60%  sugarcane, 60%
concentrate and 40% sugarcane, and 80%
concentrate and 20% sugarcane. The animals
were assigned to a completely randomized design
to evaluate the ingestive behavior, the feed and
rumination efficiencies and meal dynamic. The
animals were coming from the same farm and
were housed in individual stalls (4m*/animal) in a
covered confinement shed, with free access to an
individual’s feeder and drinking fountain.

The animals were fed ad libitum in the
form of complete diet, twice daily (08.00 and
16.00 h), containing levels of 20, 40, 60 and 80%
of concentrate on the dry matter basis (DM)
associate to sugarcane (Saccharum officinarum
L.) corrected with urea (Tables 1 and 2). The orts
were weighed daily to obtain a maximum of 10%
of total feed provided. The concentrates were



composed of corn, wheat bran, soybean meal
and mineral mixture. The diets were isoprotein.

Table 1. Chemical composition of the ingredients in the experimental diets.
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Ingredients
ltems Sugarcane Corn Soybean Wheat Ureia

meal bran
Dry matter 34.0 88.3 89.1 89.7 98.3
Organic matter 97.2 97.7 92.7 92.3 99.9
Crude protein 2.7 8.9 49.7 17.7 265.4
Ether extract 1.3 4.0 1.9 33 --
Neutral detergent fiber 54.3 13.5 15.2 44.8 --
Indigestible neutral detergent fiber 21.3 1.4 2.0 4.9 --
Non-fiber carbohydrates 38.9 71.3 25.9 26.5 --
Table 2. Ingredients proportion and chemical compositions of the experimental diets.

Concentrate levels (%)

Items 20 40 60 80
Ingredients (g/kg of DM)
Sugarcanel 800.0 600.0 400.0 200.0
Corn 92.5 190.0 287.5 385.0
Soybean meal 5.0 10.0 15.0 20.0
Wheat bran 92.5 190.0 287.5 385.0
Mineral mix 10.0 10.0 10.0 10.0
Chemical composition (g/kg of DM)
Dry matter (g/kg) 461.7 566.5 671.4 776.3
Organic matter 958.8 954.1 949.4 944.7
Crude protein 132.8 134.8 136.8 138.8
Ether extract 16.8 215 26.3 31.0
Neutral detergent fiber 471.7 425.1 378.4 331.8
Indigestible neutral detergent fiber 169.5 134.9 100.2 65.6
Non-fiber carbohydrates 337.6 372.8 408.0 443.2

1Sugarcane corrected with urea/ammonium sulfate (96.0% sugarcane and 4.0% urea/as)

The experimental period lasted 114 days
and was divided into a 30-day adaptation period
(when the animals were treated against ecto and
endoparasites and received supplementation of
A, D and E vitamins) and 84 days for data and
sample collection. The dry matter intake (DMI)
was evaluated during 84 days with samples of
ingredients and orts daily collected.

Dry matter (DM), organic matter (OM),
and crude protein (CP) analyses were performed
according to the AOAC (1990), method number
934.01 for DM, 930.05 for OM, and 981.10 for CP.
Ether extract (EE) was analyzed by Soxhlet
extraction with petroleum ether, according to the
AOAC (1990), method number 920.39. The
concentration of neutral detergent fiber (NDF)
was assayed with heat-stable amylase and
corrected for ash and nitrogen compounds

Colloquium Agrariae, v. 15, n.5, Set-Out, 2019, p. 110-119.

[aNDFom(n)] by using techniques described by
Mertens (2002), with corrections for protein
according to Licitra et al (1996) and
thermostable alpha-amylase added. Non-fiber
carbohydrates (NFC) were calculated according to
Hall (2000), as follows:

NFC (g/kg™") = 1000 - [(CP — urea-derived
CP + urea) + NDF,, + EE + ash],
in which CP = crude protein; NDF,, = neutral
detergent fiber corrected for ash and protein;
and EE = ether extract. To determine indigestible
neutral detergent fiber (NDF;) samples of all
foods were incubated in the rumen of a buffalo
for 288 hours, as suggested by Detmann et al.
(2012).

Ingestive behavior activities - times spent
on feeding (TSF), rumination (TSR) and idleness
(TSl) - were measured by direct visual



observation (six observers) every 5 minutes for
24 hours, twice, during the period for data and
sample collection (Birger et al., 2000). TSF was
considered as the time selecting and consuming
the diet. TSR was considered as the period in
which the animal was not feeding, but re-
chewing the cud (observed by the Iateral
movement of the mouth and the flow of food
bolus via the esophagus). TSI represented the
period where the animals was not eating or
ruminating. The activities were recorded as total
time per day (min/day) and the ingestive
behavior variables were obtained using the
equations from Blirger et al. (2000). The feed and
rumination efficiencies were obtained according
to the following equations:

feed efficiency of DM (FEpy) = DMI/TSF;

rumination efficiency of DM (REpy) =
DMI/TSR,
in which FE (kg DM/h) is feed efficiency, DMI (kg
DM/day) is DM intake and RE (kg DM/h) is
rumination efficiency.

During the behavior evaluation period (24
hours), the environment was monitored
(temperatures and the relative humidity of the
air). The minimum and maximum temperatures
observed were 23.3 and 29.99C, respectively. The
average relative humidity of the air was 69.0%.
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The number and duration (in minutes) of
meals and the interval between meals was
calculated. A meal was considered a long
sequence of feeding with at least two successive
5-minute feeding periods. The minimum interval
between meals was considered to be 20 minutes.

Variance analysis was conducted in a
completely randomized design with four
treatments (20, 40, 60, and 80 %) and six animals
per treatment. Initial body weight was used as a
covariate in the statistical model, using the PROC
GLM procedure of SAS, according to the following
model:

Yij=u+Ti+B(Xij—X) +eij,
where Yij is the observed dependent variable; p is
the overall mean; Ti is the effect of treatment
(i=1 to 4); B(Xij — X) is the effect of co-variable;
and eij is the experimental error. The
comparisons between the studied levels were
decomposed orthogonally of the square sums
associated with the variation in linear and
quadratic effects, and the PROC GLM procedure
of SAS, adopting a=0.05, was conducted.

Results and Discussion

A positive linear effect (P<0.05) was
observed for DMI with the different levels of
concentrate inclusion (Figure 1).

Figure 1. DMI of buffaloes fed increasing levels of concentrate in sugarcane based diets.

DMI = 5,051+ 0,623*Cl

7 R?=0,863

Dry matter Intake (kg/day)
o = N w IS (é)] (o] ~ (o]

20 40 60 80

Concentrate Levels (%0)

This behavior can be understood because
greater proportion of concentrate in sugarcane
based diets results in higher degradation rates in
the rumen and consequently greater DMI. On the
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other hand, sugarcane fiber’s low digestibility is
largely responsible for tract fill, causing intake
reductions (CORREA et al., 2003).



It was not observed significant
differences (P>0.05) for the TSF. On the other
hand, the TSR reduced linearly (P<0.05) with the
treatments. Consequently, the TSI increased
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linearly (P<0.05) with higher levels of concentrate
in the diets (Table 3).

Table 3. Measures of ingestive behavior of buffaloes fed increasing levels of concentrate in sugarcane

based diets.
o Concentrate levels (%) Pvalue
Activities SEM - -
20 40 60 80 Linear Quadratic

TSF (min/day) 188.3 180.0 175.0 169.0 6.9 0.30 0.93
TSFDM (min/kg DM)1 36.5 27.5 25.1 23.6 18.1 0.01 0.22
TSR (min/day)? 495.0 499.0 498.3 356.0 17.7 0.00 0.07
TSRDM (min/kg DM)? 9.3 777 707 50.0 5.3 0.00 0.89
TSI (min/day)* 756.7 761.0 766.7 915.0 21.2 0.01 0.06

SEM standard error of the mean

TSF - times spent on feeding; TSFDM - times spent on feeding/dry matter: TSR - times spent on rumination; TSRDM -
times spent on rumination/dry matter; TSI - times spent on idleness
¥=178.1; '¥=38.4-4.12X; ¥=566.5-2.1X; *¥=110.11-14.58X; *¥=679.7+2.4X

Gongalves et al. (2001), in experiment
with  goats fed diets with different
forage:concentrate ratios, observed a reduction
in TSF as the concentrate inclusion in diets
increased. The authors described that the
increase in the dietary concentrate level resulted
in lower TSF due to the high energy density of the
diets. In the present work, despite was observed
higher DMI with the different levels of
concentrate inclusion, the TSF not changed,
indicating that the time spent with feeding does
not necessarily determine the magnitude of
intake.

Although it has been observed similarity
between the variables related to TSF, reducing
TSR is result of the physicochemical
characteristics of the dietary fiber included in the
feed in this study and can be explained by the
fact that replacement of sugarcane with
concentrate  change the  dietary fiber
characteristics. According to Van Soest (1994),
TSR is influenced by the nature of the diet and is
probably proportional to the level of cell wall in
the diet mass, being influenced by the
consumption of NDF (WELCH and HOOPER,
1988). As for feed, NDF value is linked to the cell
wall thickness, which influences the rumination
time, since the animals will spend more time
performing the process of reducing food particles
(VAN SOEST, 1994). This activity allows
regurgitation, chewing, salivation, and the
passage of the previously ingested food into the
rumen (LIMA et al., 2014).
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Sugarcane has low-digestibility (rich in
NDF) and, as a consequence, animals fed with
higher levels of sugarcane spent more time
ruminating. On the other hand, the concentrate
foods reduce the rumination time, behavior
observed in this study with the inclusion of this
ingredient. Rumination activity in adult animals
takes around 8 hours per day (variations from 4
to 9 hours) (VAN SOEST, 1994). In the present
study the time spent on rumination reduced from
8.25 for 5.93 hours with inclusion of concentrate
in the diets.

The TSI is a reflection of the other
activities, meaning that when there is less time
consumed by feeding and rumination, the TSI is
extended (Figure 2). When animals spend less
time feeding and/or ruminating, this behavior is
normal and expected. Canizares et al. (2014) also
observed a linear reduction for TSI with
increasing levels of sugarcane inclusion for milk
goats.

According to Orténcio Filho et al. (2001),
the time destined for idling varies wich to the
circadian cycle of the species and is related to the
feeding and rumination behavior. The behavioral
activities of animals are mutually exclusive and
one activity compensates another (COSTA et al.,
2003). Gongalves et al. (2001) observed a
reduction in TSR with the concentrate inclusion
and consequently the TSI was longer in diets for
milk goats.



Figure 2. Ingestive behavior of buffaloes.
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In the present study, the feed and
rumination efficiencies of dry matter increased
linearly (P<0.05) with increasing levels of
concentrate inclusion. The meal dynamic change
between treatments. The meals number,

duration of meals and breaks between meals
increased linearly (P<0.05) with the inclusion of
higher concentrate levels in the diets (Table 4).

Table 4. Feed efficiency (FE) and rumination efficiency (RE) and meal dynamic of buffaloes fed increasing

levels of concentrate in sugarcane based diets.

Concentrate levels (%) P value
Items - -
20 40 60 80 SEM Linear Quadratic
FEpm (kg DM/h)1 1.81 2.23 2.56 2.60 0.12 0.01 0.37
REow (kg DM/h)? 0.68 0.80  0.86 1.24 0.06 0.00 0.05
Meals (number)? 14.17 14.00 9.67 9.67 0.57 0.00 0.90
Duration (min)4 13.38 13.29 18.76 18.52 1.10 0.03 0.97
Breaks (min)5 83.24 84.87 120.70 123.51 5.29 0.00 0.94

SEM standard error of the mean

DM - dry matter; FEpy, - feed efficiency of DM; REpy - rumination efficiency of DM
19=1.62+0.27X; 2¥=0.46+0.17X; *¥=16.33-0.089X; *¥=10.76+0.104X; *Y=63.92+0.783X

The increased levels of concentrate
caused an increase in DMI and consequently in
the feeding efficiency. This behavior might have
been caused by the intake of concentrate, rich in
non-fibrous carbohydrates, capable of providing a
more efficient ingestion. According to Santana
Junior et al. (2013), the feed efficiency represents
the speed of ingestion of nutrients as a function
of the time. The effects observed in the present
study for feed and rumination efficiencies it is
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associated to greater DMI and the reducing time
spent in rumination with inclusion of concentrate
in the diets. When a ruminant ingests food, they
chew it superficially, transporting it to the
reticulum. After some time, this food returns to
its mouth for rumination, which is an activity that
reduces the food particle size.

The total rumination time is directly
correlated with the size of the particles present in
the rumen and with the fiber content of the



ingested nutrient (MENDES et al., 2015). Higher
levels of sugarcane result in long ruminating and,
consequently, lower rumination efficiency. This
result can be explained by the larger proportion
of slowly digestible particles found in the fibrous
carbohydrates present in sugarcane. According to
Eustaquio Filho et al. (2014), the efficiency of
rumination can be reduced in high-fiber diets due
to the greater difficulty of reducing the particle
size of fibrous materials.

Burger et al. (2000), working with
Holstein calves fed diets with different
concentrate levels, also observed a linear
increase for FE and REpy, as the concentrate levels
in the diet were elevated. The authors observed
1.76 and 0.374 kg DM/h for FE and REpy for 60%
of concentrate in the diet, lower to observed in
the present study. According to De la Cruz et al.
(2014), the buffaloes are more efficient in
transforming the diet and may be due to this
species slow, efficacious chewing motion that
involves more developed muscle fibres for
rumination than in the case of cattle, including
the digastric muscle, the masseter muscle, the
pterygoid muscle and even the tongue (VEGA et
al., 2010). According to Napolitano et al. (2013),
other important features include its larger
corporal volume, slower movement, smaller
outflow rate and higher bacterial activity.

Pearson and Smith (1994) observed that
the cattle tended to chew more quickly than the
buffalo. The authors observed slight tendency for
the buffalo to swallow less frequently and chew
each bolus more times than the cattle. Diets
containing a high concentration of grain has
gained attention because of its economic impact.
Still, grain overload in feedlot animals can cause
digestive disorders. In fact, digestive disorders,
including ruminal acidosis, are second only to
respiratory diseases in depressing animal
performance and production efficiency
(HERNANDEZ et al, 2014). However, the
buffaloes in present study did not present
digestive disorders with the concentrate inclusion
in the diets.

A meal is defined by a long sequence of
feeding. When it is stopped for several minutes
the previous meal is defined (CARVALHO;
MORAES, 2005). The number of meals can be an
indicator of diet quality. In the present study, the
number of meals was negatively related to meals
length (duration) and intervals between meals
(breaks).
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Animals fed increasing levels of
concentrate had fewer meals and more time in
the trough. The increase in the duration meals
was caused by the greater supply of concentrate
to the animals, so they needed more time to
consume the available supplement, without
effect filling. This shows that diets with higher
levels of concentrate were in fact more palatable
and with more energy density, because although
they had greater DMI average (Figure 1) in
relation to the other diets, the number of meals
was lower, reflecting at long breaks. Long breaks
between meals reflect the satiety. On the other
hand, the animals fed with higher levels of
sugarcane consumed meals more frequently than
the others. According to Roche et al. (2008), this
behavior is associated with the concentration of
circulating metabolites (i.e., the metabolic energy
concentration), which provides orexigenic signals
to the neurohormonal system, signaling the start
of a new meal. Shorter meals reflect the fill
caused by the larger proportion of slowly
digestible particles and lower rate of passage.
Eustaquio Filho et al. (2016), working with lambs
fed diets with 50% sugarcane and 50%
concentrate, reported that the quality of the diet
resulted in shorter and more frequent meals,
similar to observed in the present work in diets
with greater proportion of sugarcane. In this
case, physical satiety prevents animal from
reaching physiological satiety and the input of
nutrients is restricted to a small portion of the
daily dietary requirements.

Conclusion

Increasing levels of concentrate up to
80% in sugarcane based diets influence directly
the feeding behavior of buffaloes resulting in
fewer daily meals and more time in the trough,
improving the feeding and rumination
efficiencies.
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