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ABSTRACT

MACHADO, Wagner da Silva, M.Sc., Universidade Federal de Vigosa, February, 2018.
Supplementation strategies affect feed intake and performance of azing holstein
heifers. Adviser: Marcos Inacio Marcondes. Co-adviser: Polyana Pizzi Rota.

Literature lacks studies investigating performance of grazing Holstein heifers maltrop
conditions, under different supplementation regime. Thus, we aimed to evataits
performance and digestibility of grazing Holstein heifers under 3 supplenoentati
strategies during the rainy and rainy-dry transition seasons. Hightégtein heifers with
average age and initial live weight of 12.57 £2.54 mo and 218.76 +47.6 kg, reslyecti
were submitted to a randomized block design, with 6 replicates onti@matagrazing
system ofPanicum maximum cv. Mombaca pasture. Treatments were: control (CON;
mineral salt ad libitum); energy supplement (ENE; corn meal as sneptg and protein
supplement PRO (corn and soybean meal, 25% crude protein (CP)). Supplements were
fed at 0.5% BW. The experiment lasted 120 days subdivided into 3 periodsurita
dioxide and indigestible neutral detergent fiber (iNDF) were used toastintakes and
digestibility of the nutrients. Body weight, withers height, thoraagicutnference, body
length, and ultrasound of ribeye area, and ribeye fat thickness measuremengkerere t
every period. Body condition scores (BCS) was taken twice. MIXED proced@A%f
including period as repeated measurements was used and significardeciaesd at P

< 0.05. DM intake, CP intake (CPI) and DE intake were greater in PRO (P<0.05)
compared to CON and ENE. Supplementation strategy affected forage DBI(#BNV,

P = 0.049), and a supplementation strategy x period interaction was observé&kfor N
intake (%0BW), mainly due to a greater NDFI/BW in the period 3 to CON. The PRO had
greater (P<0.05) grass DM digestibility compared to CON. ENE had lower CP
digestibility compared to PRO and CON (P<0.01). Average daily gain (AD@) a
thoracic circumference gain were the greatest (P<0.05) in PRO. BCSeesrdP =
0.02) on PRO (3.43) than CON (3.24) and ENE (3.03). PRO animals had the best
performance, consequently they better expressed the associative affertsge and
supplement. Its recommended that Holstein heifers in rotational gragstgm with
Mombaca grass should be protein supplemented during the rainy and rairgndityan

seasons to maximize performance.
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RESUMO

MACHADO, Wagner da Silva, M.Sc., Universidade Federal de Vigos&rdeo de

2018. Efeitos das estratégias de suplementacdo no consumo e performariese
novilhas Holandesas.Orientador: Marcos Inacio Marcondes. Coorientadora: Polyana
Pizzi Rota.

O desempenho de novilhas Holandesas a pasto em condi¢cfes tropicaiersnitedi
regimes de suplementacdo ainda ndo é largamente estudado. Destevaimiose o
consumo, desempenho e digestibilidade de novilhas Holandesas a palstémdedrés
diferentes tipos de suplementacao no periodo das aguas e de transig@eagulezoito
novilhas Holandesas com idade e peso inicial de 12.57 + 2.54 meses e 218.7¢+47.6 k
respectivamente, foram submetidas a um delineamento em blocoksedssa com 6
repeticbes em sistema de pastejo rotacionad@adeeum maximum cv. Mombaca. Os
suplementos avaliados foram: controle (CON; sal mineral ad libitwmp)ersentacéo
energética (ENE; fuba de milho como suplemento); e suplementacaacgpr®@&O0;
Mistura de fub& de milho e farelo de soja, 25% de proteina bruta (PB). O exerim
durou 120 dias, subdividido em 3 periodos. Diéxido de titdnio e fibra em detergente
neutro indigestivel (FDNi) foram utilizados para estimar o consumaestiigidade dos
nutrientes. As mensuracodes relativas ao peso corporal, altura de cernalinderéncia
toracica, comprimento corporal e as medidas de ultrassom da area do olho de lombo e da
espessura da gordura do lombo foram tomadas a cada periodo. Os escores@e condi
corporal (ECC) foram avaliados duas vezes durante o periodo experimental. Os dados
foram avaliados em procedimento MISTO no SAS incluindo periodo como medidas
repetidas no tempo e a significancia foi declarada em P < 0,05. Os consumos de: matéria

seca (MS), proteina bruta (PB) e de energia digestivel (CED) foram mpameo
suplemento PRO (P <0,05) comparados com CON e ENE. A suplementacao afetou o
consumo de MS de pasto (% BW, P = 0,049) e a interacdo suplementaca@mla peri
consumo de FDN (% PC), possivelmente ocorreu devido a um consumo de forragem
maior (%PC) no periodo 3 do CON. O PRO proporcionou maior digestibilidade da MS
do pasto (P =0,04) em comparacdo com CON. O aporte de energia via suplentento EN
possibilitou menor digestibilidade da PB comparado com os suplentgiR@se CON
(P<0.01). O ganho diario médio (GMD) e o ganho de circunferéncia toracica foram
maiores (P <0,05) quando se forneceu suplementacéo protéica aos animais (PRO). O

foi maior (P=0,02) para os animais suplementados com proteina (PRO -3,43) comparados
com 0s animais que receberam apenas suplementacdo minera (CON eh2d)ética

(ENE -3,03). Para suplementacdo de Novilhas Holandesas em sistepastd®

Vii



rotacionado de Capim Mombaca no periodo das aguas e de transicdoeéguas-s
recomenda-se o fornecimento de suplementos proteicos (25% PB) (0,5% PC) para
obtencdo de melhor desempenho produtivo dos animais.
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INTRODUCTION

The public concern about animal welfare is currently leading to changesnal
production systems. Thus, studies within good care, which allows aninea|sr&ss their
natural behavior, are desirable and have received considerableoattantvadays
(Harper and Henson, 2001; Spinka, 2006). Ruminants in natural living environments such
as pastures can face obstacles such as extreme weather conditiomentktisocial
behaviors, parasites exposure, diseases or infections, which could impair the animals’
performanceSpinka, 2006; von Keyserlingk et al., 2009). In that sense, Holstein heifers
on pastures should not only be able to express their natural behavior, butrakset to
their nutritional requirements, susceptibility to the environment, climate agasgis.

At tropical pasture conditions, with low crude protein (CP) and energy contents,
cattle should be supplemented to optimize performance (Paulino et al., 2004). Thus
supplementation strategies for grazing beef systems are alr¢atiisked, especially
concerning protein supplementation in low-quality pastures (Boddey et al., 2004pPa
et al., 2004). Figueiras et al., (2010) demonstrated positive responses of protein
supplementation on grazing Holstein x Zebu ste@wsadhiaria decumbens), and
Detmann et al., (2016) found that the increased protein levels of supplemgizing
Holstein x Zebu steer8(achiaria decumbens) granted a quadratic outcome on average
daily gain (ADG), final body weight (FBW) and necessary days tohréd&0 kg of live
weight. However, the majority of studies with beef cattle supphamtien was performed
with Brachiaria grasses (Bicalho et al., 2014; Oliveira et al., 2014; Santos €0al’),
which have low protein content even during the rainy season. Studies wrttbd¢a
grass, with higher levels of energy and protein, even for beef cattleamoe gPeripolli

et al., 2013).



To our knowledge, there is no information about how Holstein heifers perform in
tropical pasture environments, supplemented or not. It is well $tablighat Holstein
cows in pasture-based dairy systems have limitations that go throlugitary dry matter
intake (DMI) to the forage nutrients levels, and adequate supplementatieadsd to
meet their production requirements (Bargo et al., 2002a; b; Kennedy2&0d), On the
other hand, the performance level should provide conditions to breed youngirHolste
heifers, hence reducing age at first-parity and increasing economic priitgftitema
and Santos, 2004). Thus, our hypothesis was that Holstein heifers willahlbeter
performance in a high-quality tropical pasture-based system when suptddmeéth
energetic concentrate, when compared to protein supplemented or non-supmadement
animals. Therefore, this study evaluated the effects of concestipi@ementation
(mineral salt supplemented, energy-supplemented, protein-supplementedjryto da
Holstein heifers on performance, muscle development, thermogenic, intake, and

digestibility in a Mombaca grasBgnicum maximum cv. Mombaca) pasture.



MATERIAL AND METHODS

The study was conducted in the Dairy Cattle Teaching, Research amdi&ixte
unit of the Vicosa Federal University, Vicosa-MG, Brazil. Eighteefstein heifers were
divided in two blocks and submitted to a completely randomized bloégndiesg initial
body weight [BW, 188.46 + 56.51 kg and 239.59 + 27.30 kg for the first and the second
block, respectively (mean = SD)]. Three supplementations were randasigyess to
the animals [6 replications]. The experimental area consisted of 30 ad8aé n3 of
pasture area and 60°raf shadow each] with a pre-establisHeahicum maximum cv.
Mombaca pasture. The pasture implantation occured two years before énenerp.
From the implantation to the experiment, the experimental area wagyethwith dairy
heifers in a rotational system, irrigated and fertilized with 200 kg ofdtdine/year and
150 kg of KO/ hectare/year. The experimental period ranged from January 14 until May
15, 2015, corresponding to the rainy and rainy-dry transition seasons, and wed divi
into three measurement periods of 40 days each during summer and autumn. Tlse anima
from all treatments within one block grazed at the same paddock indagnetational
system, withad libitum access to water and mineral salt, and the supplement was offered
each day at 12:00 h, in a proportion of 0.5% BW [dry matter (DM) basis]. Prior to the
experiment, a 45-days adaptation period was used, with the same manageategy
adopted during the experiment. The paddocks were subdivided into two groups of 15
paddocks for each animal block. The pre-grazing height (PreGH) target was Wbile
the post-grazing height (PostGH) target was 35 cm. When the animi@snot able to
reach the paddock’s PostGH, put and take heifers, with similar body weight as
experimental animals, were used after the experimental animdtselgfdddock to reach
PostGH of 35 cm. However, an unexpected decrease in rainfall in theptriamt
determined the pre and post-grazing height, resulting in an unforeseenleallforage

DM availability periods (Table 1, 2; Fig. 1). Pre-grazing herbage ywls determined in
3



each grazing paddock during the digestibility sampling period, using extleesges [1.0

x 1.5 m, breadth x length]. The cages were placed at the representative areas (height and
morphological structure) immediately before the animals obtainedsteéhe paddock.

The grass from each cage was harvested at the same PostGbrphdlagical structure

as the remaining grass swards immediately after the aninfalthée paddock and
weighted.

During the adaptation period a mixture of corn and soybean meal (18 % CP) was
fed to all animals in a proportion of 0.5% BW (DM basis). After 45 days of adapta
period, the following treatments were assigned to animals: control [Ciak were
fed only ad libitum mineral mixture]; energy supplement [ENE: animals were
supplemented with corn meal offered in a proportion of 0.5% BW (DM basisacnd
libitum mineral mixture]; protein supplement [PRO: animals were supplemeirtie@ w
mixture of corn and soybean meal, 25% CP, offered in a proportion of 0.5% BW (DM
basis) andd labium mineral mixture].

The animals were weighed (after 12h of total fast), body measureweretsaken
[withers height, thoracic circumference, and body length], and the suppleimentat
feeding corrected every 14 days according to their current body weighniflals were
separated daily at 1200h for supplement feeding to guarantee total suppreaken All
animals were conducted to individual feeders in a stable area. Thea@i@idls were
conducted together and kept separated until the animals finished thisir ineeanimals
entered the new paddock every day just after supplement supply.

To estimate fecal excretion, 10 g/animal/day of titanium dioxideevinfused
orally for eight days, starting at d 34, 74, and 114 in the first, second, and tiadi, pe
respectively, at 11:45 h. During the last three days of each infusion perieslséaoples
were taken at 6:00 h, 12:00 h, and 18:00 h, respectively. Forage, supplemermieand fe

samples were submitted to the same chemical analyses prgwdesstibed. The samples



were oven-dried (5%) for 72 h and then ground to 2 and 1 mm, using a knife mill
[Willey, model TE-680, from TECNAL, Brazil] (Detmann et al., 2012). Pooled sasnpl
by period and animal of each forage, supplement and animals’ feces were proportionally
mixed up during the sampling days. The 1 mm samples were analyzed f(AOMC
et al., 2005; method 934.01), neutral detergent fiber (NDF) (Detmann et al.]JI2QT2;
CA method F-002/1); ash (AOAC et al., 2005; method 942.05); CP (AOAC et al., 2005;
method 990.13). The 2 mm samples were analyzed for indigestible newgrgedefiber
(INDF), incubated into the rumen of a cow over a period of 288 h, using non-watién te
bags (100 g/f), and NDF was determined in thespncubation material (Valente et al.,
2011). Feces were also analyzed with regards to titanium dioxide ¢aateatding to
description of Detmann et al., (2012), at INCT-CA M-007/1 method.

At d 33, 73, and 113, heifers were ultrasonically scanned betweerftaad 28’
ribs and the rump in the P8 region to measuraliiieus medius and thebiceps femoris
muscles intercession, located between the ischial andetidetuberosities; we used an
18-cm linear array ultrasound instrument (Aloka SSD-500V, Aloka Co., Ltda., Tokio,
196 Japan) operated at a frequency of 3.5 MHz. A standoff and vegetableeoused
to guarantee adequate acoustic contact between the transducersaaddb# as well as
between these and the animals’ skin. Ultrasound images were recorded and later analyzed
for back fat thickness (BFT), loin depth (LD), and ribeye area (REA), using t¢SoBi
Toolbox® Il for 200 Beef (Biotronics Inc., Ames, lowa, USA) software. Th& B
presented in millimeters, while LD and REA are presented as squared centimeters.

Infrared thermogenic photographs of each animal’s eyes were taken at d 60 and
100 at 15:00 h to evaluate the effects of supplementation on heat prod@ioes et
al., 2016). The body condition scores (BCS) were taken on the same day by three trained
people, and the averages of the three measurements were used to diven msky

condition score.



All variables were analyzed using the procedure MIXED of SAStié8tal
Analysis System version 9.2). Data were analyzed as a complatelpmized block
design, and period was included as repeated measurements in the modeteelssary:

Yike = p+ Ti+ B + (TR + &k,

where Yjke = dependent variable, u = general constant, Ti = fixed effect of the
treatment i, Bj = random effect of the block j, (Tp)j = random effect of interaction between
treatment i and block j (removed from the model after identifying ithatas non-
significant for all variables), &gk = random error among measurements with mean 0 and
variance 62. The interaction was tested and wasn’t significant, and it was removed from
the modé When necessary, least square means were compared using the Fisher’s least

significant difference and differences were considered significgnt &t05.



RESULTS

The accumulated herbage (kg DM/hal/cycle), herbage availablpagéock (kg
DM/paddock/cycle), herbage allowance (kg DM/animal/cycle), PreGH astGHo
decreased, and grazing efficiency (%) increased throughout expeaiperndds (Table
1).

The forage DM was higher in the second period, and lower in the third period and
NDF and iNCF were higher in the second period, and lower in the first period (Table 2).
The CP was higher in the third period, and lower in the second period and asiseiecre
from first to third periods. (Table 2).

We did not observe supplementation strategy x period interactions for intake
measurements (P > 0.05), excepting CPI (P = 0.012; Fig. 2) and NDFI when expressed
as g/kg of body weight (%BW) (NDFI/BW; P = 0.035; Fig. 3). The PRO had gré&te
(1.224 1.187 and 1.538 £ 0.144 kg/day for first, second and third periods respectively
[mean £SH) in all periods compared to CON (0.997, 0.968 and 12204 44 kg/day for
first, second and third periods respectively) and EBIR62, 0.850and 0.888 + 0.144
kg/day for first, second and third periods respectively). In the third period, tke EN
strategy had the lowest CPI comparing to CON and PRO (Fig. 2). TREBIY of PRO
and ENE decreased in the third period compared to CON (Fig. 3).

Supplementation strategies affected all intake variables. ThesBRf@ementation
strategy had greater DM intake (DMI) (7.172 = 0.686 kg/day; P = 0.045) compared t
ENE (5.904 + 0.683 kg/day); greater forage DM intake (FDMI) (5.747 + 0.535 kg/day; P
=0.006) compared to ENE (4.823 + 0.535 kg/day); greater NDF intake (NDFI) (2.574
0.253 kg/day; P =0.012) compared to ENE (2.895 + 0.253 kg/day); and greater digestible
energy intake (DEI) (4.827 £ 0.520 kg/day; P = 0.045) compared to ENE (3.937 £ 0.518

kg/day) and CON (4.032 + 0.530 kg/day) (Table 3).



The supplementation strategies also affected forage DMI (FDMI/BW§.CON
supplementation strategy had greater FDMI/BW (26.31 + 2.01 g/kg of BW; P ©)0.049
compared to PRO (22.02 + 1.89 g/kg of BW) and ENE (24.01 * 1,86 kg/day).

A period effect was observed, and DMI (DMI/BW), FDMI/BW, CPI (CPI/BW),
and DEI (DEI/BW) were greater in the first period when compared to the second and the
third periods (Table 3).

The supplementation strategies did affect digestibility of DM @nd CP (CPD)
(P<0.05; Table 3). The PRO promoted a greater OMD23+ 0.008 g/g of DM) when
compared to CON0.689+ 0.008 g/g of DM). The ENE negatively affected C@LY61
+ 0.013 g/g of DM) compared to PRO (0.817 + 0.013 g/g of DM) @0l (0.801+
0.013 g/g of DM). Nevertheless, there were period effects for all digigtvariables.

The DMD was lower in the second peri(@685+ 0.008 g/g of DM) compared to the
first (0.714+ 0.008 g/g of DM) and third period6.714+ 0.008 g/g oDM). The NDF
digestibility (NDFD) and CPD were greater in the third pe(@d@18+ 0.007 and 0.816
+ 0.013 g/g of DM to NDFD and CPD respectively) compared to theg(@680+ 0.007
and 0.787 £ 0.013 g/g of DM to NDFD and CPD, respectively) and second p@rieds
+0.007 and 0.775 £ 0.013 g/g of DM to NDFD and CPD, respectively).

The average daily gain (ADG) and thoracic circumference gain (We@) greater
for PRO(0.570+ 0.051 kg/day and 0.110 £ 0.020 cm/day to ADG and TCG, respectively)
(P<0.05) when compared to CQN.308+ 0.052 kg/day and 0.061 + 0.021 cm/day to
ADG and TCG, respectivelyand ENE(0.346+ 0.051 kg/day and 0.052 + 0.021 cm/day
to ADG and TCG, respectively). Additionally, there was a period etiadboth ADG
and TCG, and a greater performance was observed in th@®f544+ 0.065 kg/day and
0.112 £ 0.021 cm/day to ADG and TCG, respectively) and se@b&ti2+ 0.065 kg/day

and 0.087 = 0.021 cm/dag ADG and TCG, respectively) periods when compared to



third period (0.169 £ 0.065 kg/day and 0.024 + 0.021 cm/day ADG and TCG
respectively).

There was a supplementation strategy x period interaction for LD an(FBB105;
Fig. 4). The LD was greater to PRO only in the second and third pgBdd¥/3 and
66.006+ 5.575 cm for second and third periods, respectively) compared to CON (44.977
and 55.077 + 5.575 cm for second and third periods, respectively). The BFT was greater
to ENE compared to CON in the second period, and PRO animals had Bfektdan
CON in the third period. The supplementation strategy did not influencerdye area
(REA), ribeye fat thickness (RFT), back fat thickness (BFT) (Table 4).

Eventually, the supplementation strategy did not affechals’ eye temperature,
although in the third period all temperature measurements were lower (P < 0.01; Table
5). The BCS was greater to PRO (P=0.(R429 + 0.18) compared to CON and ENE

(3.238 and.037 £ 0.113 to CON and ENE respectiyely



DISCUSSION

The weather condition of the experiment period (Figetl)the pasture to lower
herbage availability during the second and third period (Table 1). @ilgeal., (2010)
showed in a similar geographic and weather conditions as our study, that decreasing
precipitation and temperature will promote less water avaithabil the soil, decreasing
forage production, especially Mombaca grass. The authors pointed obtgltattdition
affected herbage total production, tillers and number of new ledvdbese swards
characteristics, there will be an increas# bIDF, INDF and CP, as was observed in our
study (Table 2).

Protein supplementation resulted in greater DMI compared to ENE
supplementation. We suggest that protein supplementation provided arbetieal
environment, with the N from the supplement supporting the rumen microbiome
development, thereby contributing to a greater DMI and ADG (Table 3, 4).
Ortiz et al. (2002) had similar results when comparing Zebu steers suppdeingth
protein (PS) containing slow release urea (22%CP) and a commercial supplement (CS
with 18% CP. The PS promoted greater DMI and ADG and, according to the authors, PS
provided greater microbial protein synthesis.

There is a strong relationship between nitrogen intake afid(Bigueiras et al.,
2016). Mombaca grass has a rapid growth ratio, with an intensive emeggntration.
That characteristic associated with the unbalance protein:energpfrétm® diet caused
by ENE supplementation in our study, impackddl, resulting in differences animal
performance. Detmann et al.,, (2014) pointed that the unbalanced diet regard to
protein:energy coulteadto an increased metabolic discomfort when the energy of the
diets is in excess. In that sense, the forage replacement by thensemplesually is
greater when energetic supplements are supplied, as it was obsesuedtindy (Table

3 and 6). The substitution rates caused by the ENE unbalanced dieai when we

10



observe greater NDFI and FDMI of the PRO animals compared to ENHEdibioa, De
Oliveira Franco et al., (2017) demonstrated that grazing animals fedamtsources had
an increased nitrogen balance, efficiency of nitrogen used and higher skt
concentration, promoting an anabolic effect. Perhaps, the effect oihpeoeigy ratio of
PRO diet led those animals to higher serum concentration of IGF-1thwsttsame
anabolic effect, resulting on greater DMI and consequently greater ADG.

The PRO supplementation strategy provided greater CPI in all pedogsaced
to CON and ENE (Fig. 2). Most likely, the protein from supplement has stietldorage
intake, affecting final DMI and DEI when PRO are compared to CON and ENBuiT
knowledge, there is no literature data on the effects of protein vs energgraepfstion
on dairy Holstein heifers at high-quality tropical pasture on intakerdakie behavior.
Moraes et al., (2006) also evaluating protein levels in the supplefor grazing
crossbred (Holstein x Zebu) steers (1 kg of DM/ animal with 8, 16 and 24% of CP
supplement;Panicum maximum cv. Mombaca) observed a linear effect of protein
supplementation on ADG. Although the authors did not evaluate pasture ititake,
similar responses present on this study suggests that protein supplementbhave
the same impact on crossbred animals.

There were differences between ENE compared to PRO and CON ondfaMI
NDFI. It is notorious how ENE supplement strategy a#dcinimals’ intake. The
substitution rate of ENE animals (Tablg i€ likely the main reason for the effects
observed on FDMI and NDFI. With a decrease in forage quality ageosxis (Table 2),
and lower herbage allowance (Table 1), ENE animals increased theusiobstate,
instead of compensating that on intake of forage. Differently, PRO ansinafged the
opposite behavior. Hannah et al., (1991) and Detmann et al., (2004) mentionedhthat wi
a decreasen forage allowance, the effect on forage intake behavior (substitution rates)

could be minimized by feeding protein supplensgand this theory was confirmed in
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our study. Additionally, as result of the higher density of ENE diet proviethe
supplement, DEI and DMI did not differ among ENE and CON, despite of higher FDMI
of CON. The PRO animals consumed more digestible energy and CP thapGéhly

due to the same reason (the nutrients concentration provided by the suppleme
mentioned above.

The high energy density from corn in ENE supplement may have influenced to a
decrease in forage intake, which was reflected in similar Rkieg between CON and
ENE (Table 6). Dixon and Stockdale (2000) reported that substitutienc@iéd happen
when specific nutrients interact in the rumen. When the forage lwslggptein source,
higher animal performance may be limited by the diet’s energy density (Dixon and
Stockdale, 2000; Moraes et al., 2006) and the supplementation could be formulated with
low-protein feedstuffs such as corn meal.

Nevertheless, the interaction between supplement and animal siMId be
carefully observed to control situations where the supplemented animalasgetiveir
DMI even when the grass have high quality, as observed for ENE animihe third
period (Table 6). The substitution rates usually range from 0 when thieswgnt did not
affect forage intake, to 1.0, where the forage intake decrease by tharsana as the
supplement intake (DM basis) (Bargo et al., 2003). In our case, the sulstiaig was
calculated based on CON FDMI. Here, ENE had a substitution rate of 0.60nd.2B8&
of substitution rates for first, second and third periods respectively, and sulrstiaués
of 0.27, 0.53 and 0.17 to the first, second and third periods respectively to PRO {Table 6
due to pasture characteristics and the supplement effects on swlpstéte described
above.

That means the ENE had more intensive depression on FDMI probablydecaus
of nutrients interact inside the rumen, due to a possible increasedoreteng (Grigsby

et al., 1993) or the effects on grazing behavior as the substitutiordestei#ed above
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(Hannah et al., 1991; Detmann et al., 2004). The ENE supplementation strasdugsed
in corn meal exclusively and may not provide limiting nutrients for fibgestion such
as nitrogen or sulfur (De Moraes et al., 2006). Furthermore, the competition for essential
subtract inside rumen between fibrolytic and amylolytic bacteria’s will further the
amylolytic bacteria because of an faster degradation rate of starch (Dixoroakda®,
2000). That will increase the retention time of fibrous residue and consyqieareased
forage intake (Grigsby et al., 1993; De Moraes et al., 2006; Carli Costa et al., 2009).
The CP from the supplement of ENE (Table 2) and the observed substitution rates
(Table 6) may elucidate how DEI between CON and ENE were notetiffeas well as
why CPI was greater for CON then ENE. The ENE supplement (corn mea)lbaer
amino acids’ quality when compared to PRO, with slower ruminal fiber degradation rate
and consequently higher ruminal retention time (Hoover, 1986; Grigsby et al., 1993;
Dixon and Stockdale, 2000). This fact might have contributed to lower CPI fordflg,
that the forage had higher %CP and ENE had lower FDMI. Furthermore, supplements
always have greater digestible energy than forage (Grigsby et al., Ca@3paring both
CON and ENE, CON compensate their absence of supplementation withr ilekte
and ENE had their DEI increased by the higher DE from supplement, conipg ES&E
lower FDMI and balancing their DEI.
The observed substitution rates among our supplementation strategies| pé
to understand the supplementation strategy x period interaction iniGR2)XF here was
a greater CPI in PRO in all periods (Fig. 2; Table 3), and no differenteedre CON
and ENE were observed in the first and the second periods, but ENE CPI was lower than
CON in the third period. As seen in Table 6, ENE substitution ratesgveater in the
second and the third periods, which may also be a consequence of logerditvaance
in that same period (Table 1). The PreGH of 54.51 cm in third period wiswast

compared to other periods. Palhano et al. (2007) evaluated the intakebehBalstein

13



heifers gazing Mombaca and the sward characteristics, and showed théhevResGH

was 60cm, the CP was 19% and the animals decreased FDMI compared to PreGH of 80,
100, 120, 140 cm. Even though, the authors showed an increase time speareditiazing
less herbage intake by animals, due to the lower herbage allowtaiegmdsible that the

same happened especially with ENE animals in our study, once C@hlanivere
already more adapted to grazing condition due to absence of supplementation.
Nevertheless, new studies must have done to evaluate Holstein heifers’ grazing behavior

in different strategies supplementation.

When intake measurements were expressed as percentage of BW, only ADMI/B
was affected by the supplementation strategy. The FDMI/BW wasegriza CON
compared to ENE and PRO, probably due to a compensatory behavior trying to
compensate the lack of supplement in this treatment. It was ourhiegmmtthat ENE
supplementation would stimulate forage digestion, leading to an incneaSBMI;
however, this behavior was not observed, and we rejected our hypothesis. €ledéfeam
was found by Silveira et al. (2008) when animals exclusively fed héalgreater hay
intake (%BW) compared to animals with energy or protein supplementation.
Furthermore, PRO was not different from ENE in terms of FDMI/BW, probably because
of a greater body gain (Table 4), which decreased the proportion of FDMI per kg of BW
since substitution rates in PRO were not as intense as in (Ealide 6). Similarly,
Silveira et al. (2008) showed greater hay DMI/BW for the control group (&silokss
above); according to their data, the supplemented groups decreased h&y\Dii
about 33% when compared to the supplemented groups and in our study, the decrease in
forage intake (%0BW) was 15.32% and 11.53% for PRO and ENE, respectively.

There was a period effect on intake measurements expressed by BW wakic
greater in the first period compared to the second and the third peratuls J). We

observed a lower DMI (%BW) in the third period due to a lower forage availability. The
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greater sward height in the first period (Tables 1, 2) was an effebe climate, with
higher temperatures and rainfall stimulating pasture growth (Fig. 1). Tnasing

efficiency was lower in the first period (68.81%), indicating a greatessgralection by
the animals, which might have led to the decreased DMI/BW.

Nevertheless, there was a supplementation strategy x period interaction
NDFI/BW (Fig. 3). The main difference occurred in the third period, where 6&Na
greater NDFI/BW compared to PRO and ENE. The possible explanation couid be t
forage substitution rate of PRO and ENE, associated to the compenséiaviobef
non-supplemented animal (CON), leading to a greater FDMI (%0BW). On thehatine:r
the NDFD of the third period was greater, which may have stimu@@d animals to
have a greater FDMI/BW and NDFI/BW than those in PRO and ENE suppld¢ioenta
The better NDFD in this period is likely associated to a loasg growth rate. With the
absence of rainfall and with lower temperatures, grass re-growthtzes lamit of the
number of animals possible per paddock, with a grazing efficiency of 104.25% {Jable
indicating that the animals obtained access to the paddock miles and more
digestible leaves. The grazing efficiency above 100% also indidsdédrnimals had to
graze below the pre-defined post grazing height (33.45 cm), which may ed tmkan
excessive removal of steams and a better quality during re-growtllandy the
digestibility sampling period (Palhano et al., 2007). At this conditiongthes had a
better digestibility of DM, NDF, and CP (Table 3).

The supplementation strategies did affect DMD and CPD. The PRO
supplementation had a greater DMD compared to CON, and we suspect that prot
supplementation could have provided a better degradability comparing therfREDN
diets. Indeed, supplements (concentrates) have higher digestibility than forageby(Gri
et al., 1993) and it is expected to the protein supplemented increases DMD and CPD. As

was observed by De Oliveira Franco et al., (2017), the supplementatsothevanain
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responsibldor increases on DMD and CPD. Once we did not observe differences among
CON and PRO to NDFD, the supplements intake is likely the responsible for eas@cr
in DMD and CPD of PRO compared to CON. On the other hand, the CPD differences of
ENE compared to PRO and CON may stand at the ruminal environment prioyia&de
supplement. The greater proliferation of non-fiber carbohydrate-fermenting
microorganisms may increase the nitrogen need (Hoover, 1986). When &bditaaiin
the rumen is not in synchronism, it could result in nitrogen limitatiomforobial protein
synthesis, which may affect the digestibility of the nutrients (Dixawh$tockdale, 2000;
De Moraes et al., 2006; Carli Costa et al., 2009). In addition, there is aandtite
literature that had evaluated the DMD and CPD of Mombaca graimgals when
supplemented. Nevertheless, Silveira et al. (2008), observed an inareggmic matter
digestibility when ruminal degradable protein went from 61.17% to 69.73%.
Furthermore, the CPD was greater in PRO supplementation strategy conapag,
but PRO did not differ of CON. We suspect that the greater CPD of CONarethto
ENE is mainly due to changes in microorganisms’ population in the rumen ENE rumen
due to bacterial subtract competition (Grigsby et al., 1993; Carli @bsia 2009). The
energy supplementation could drive to a amylolytic bacterial sefeotside the rumen
(Hoover, 1986; Grigsby et al., 1993; Carli Costa et al., 2009), compromisingdiwdial
growth and digestibility of protein, aswas described above.

The PRO supplementation strategy positively affected ADG and TCi@e(%a
The larger supply of amino acids in the PRO diet, with greater enerpe imésult in a
greater ADG in PRO animals. Moraes et al., (2006) observed a liceaase in ADG
in crossbred steers fed up to 24% CP in the supplement. According to Mbi@es e
(2006), animals fed protein supplement had greater ADG because of synchronism
between ruminal fermentable organic matter and N utilization by rumen microorganism

for microbial synthesis and consequently greater amino acid availdbilitptestine
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absorption. The results from Moraes et al. (2006) showed that with 24% CP, gildeo0s
to obtain a better performance and body development when a protein supplei@ent is
even in high quality-tropical pastures such as Mombaca pastures.

Furthermore, there was a period effect on ADG, TCG, and HG, and a lower
performance was observed in the third period (Table 4); in addition, thereneffec
on BSC in the second evaluation (between second and third periods) (Tablesg). The
responses confirm the decrease in pasture availability due toiclicoaditions in the
second half of the experiment; they also show that the animals were not able to maintain
their performance to face this environmental challenge.

We observed a supplementation strategy x period interaction in LDhwhic
happened mainly in second and third periods. The LD differences occurred onlgretwe
PRO and CON, and it was greater to PRO at both periods. These differencetand
at the PRO CPI greater in all periods linked with lower CPI (%BVggabnd and third
period. The protein supplementation may support a greater protein synthesis in animal’s
muscles(Rosenvold et al., 2001), which reflected in a bigger LD in PRO anirkiés
also observed a supplementation strategy x period interaction in BFTh \&lso
occurred mainly in the second and third periods. At second period, BFT differences
occurred among CON and ENE, and it was greater to ENE. At third pBRg& animals
had greater BFT than CON. It seems that in the first two periodsdbiials focused
their performance on fat deposition, which may also be linked the lack ofitd nmmen
and, thus, high supply of energy but not enough N to support protein deposition. In the
third period, it is possible that the fall in pasture availabiégd to the use of this fat
deposited to support the requirements of those animals. On the other hand, REKINand
animals had almost constant deposition of BFT, but it was greateR@yfBr the reasons
already discussed above. Other reasonable explanation for BFT results oftR&@his

association of protein supplementation of PRO [N source for rumen microbial population
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(Carli Costa et al., 2009)] and greater NDFD of third period may have stedulze
propionic acid production in the rumen, that will stimulate more fat syistie$RO
rather than CON (Rooney and Pflugfelder, 1986; Igarasi et al., 2008).

The supplementation strategy did not affect body temperature, but a peridad effec
was observed. The lower temperature on d 100 perhaps was directly linkeddwer
environmental temperature (Fig. 1). The maximum and minimum day tenn@sratere
31 and 28.4C; 17.5 and 13.8C in d 60 and d 100, respectively. The air temperature at
the photography moment was 30 and 26in d 60 and d 100, respectively. We
hypothesized that PRO animals, with a greater protein deposition, coeltdav linked
to a greater heat production. Gomes et al. (2016) demonstrated that@oylarate may
be linked to animal’s heat production, thus we rejected our hypothesis. Despite
environmental temperature helped explain the lower ocular temperathiB08t more
studies should be done to evaluate the interaction between oculargemgpby thermal
infrared camera and gazing animals’ heat production.

In summary, the PRO supplemented animals showed better body developithent,
greater intake compared to ENE and greater CPI, DEI, ADG and T@Gtith CON
and ENE. Better performance of PRO was also observed, and indeed, when compared to
CON and ENE, PRO supplementatied animals to better associative benefits between
forage and supplement intake. Therefore, dairy heifers should be supmdmwaen
grazing high quality Mombaca grass at rotational pasture systéme rainy and rainy-

dry transition seasons.
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Table 1 Herbage characteristics and Height of 15 days (average days of cycle) of
grazing activities

Period
13 24 3P
Accumulated herbage (kg DM/ha/cycle) 1727.34 1485.42 840.12
Accumulated herbage (kg DM/paddock/cycle) 144.41 110.92  82.84
Herbage DM allowance (kg DM/animal/cycle)  8.02 6.16 5.37

Item

Grazing efficiency 68.81% 87.95% 104.25%
PreGH (cm) 75.34 8151 54.51
PostGH (cm) 51.96  46.56 33.45

Pre-grazing HeighfPost-grazing Height.
3January 14, 2016 to February 23, 20F@pruary 24, 2016 to April 4, 201®pril 5, 2016 to May 15,2016.
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Table 2 Chemical composition (DM basis) of pasture and supplements throughout

periods
ltem Period Supplements

14 2° 36 PRO ENE
DM (%) 25.29 28.24 23.65 87.94 89.08
NDF! (%DM) 55.04 59.02 58.84 19.86 12.13
iINDF? (%DM) 8.68 9.90 8.92 0.92 0.95
CP?(%DM) 16.70 15.52 18.11 25.74 8.09
Ash (%DM) 11.18 10.65 10.53 4.24 1.47

INeutral Detergent Fiber; 2Indigestable Neutral Detergent Fiber; 3CrotirPr
“January 14, 2016 to February 23, 2GE@pruary 24, 2016 to April 4, 201®pril 5, 2016 to May 15,2016.
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Table 3 Intake and digestibility of grazing Holstein heifers fed no supplement or fed
protein or energy supplement during rainy season.

Item Supplement strategies Period P-value

CONH PRO® ENES P17 p2s p3e SEM Treat Per Int

Intake, kg/day

DMIt 6.314ab 7.172a 5.904 b 6.298 6.403 6.689 0,671 0.045 0.340 0.094
FDMI? 6.289 a 5.747 a 4.823b 5.567 5.496 5.795 0.529 0.006 0.528 0.074
NDFP® 3.635a 3.574 a 2.895b 3.182 3.378 3.544 0.247 0.012 0.088 0.054

cPf 1.060 b 1.316a 0.900 ¢ 1.061B 1.002 B 1.214 A 0.144 <0.001 <0.001 0.012
DEI® 17.777b 21282a 17.358b 18.566 18.059 19.796 2.235 0.045 0.089 0.300

CPI/DEI 0.262 0.272 0.228 0.299 0.244 0.270 - - - -

Intake, g/kg of BW

DMI/BWS 26,080 26810 28030 29040A 25750B 26130B  1.413 0.653 0.016 0.168
FDMI/BW’ 0.026a  0.022b  0.023b 0.025A  0.022B 0.023B  0.002 0.049 0.031 0.088
NDFI/BW®  14.920  12.497 13541 14985A 13664A 123098  1.123 0.220 0.001 0.035
CPIBW  4.202 4.634 4072  4882A 3957B  4.069B  0.203 0.221 <0.001 0.211
DEI/BWY®  0.044 0.074 0.078  0.085A 0071B 0.0678B 0003 0.578 0.001 0.070
Digestibility, g/g
DMD®  0.689b  0.723a 0.702ab 0.714A  0.685B 0.714A  0.008 0.040 <0.001 0.293
NDFD2  0.691 0.696 0.682  0.680B 0670B 0.718A  0.007 0.529 <0.001 0.439

CPD® 0.801a 0.817 a 0.761b 0.787 B 0.775B 0.816 A 0.013 <0.001 <0.001 0.407

Total dry matter intake; 2Forage Dry Matter Inta®éeutral Detergent Fiber Intaki&rude Protein intakéDigestible Energy Intake (Mcal/dayRry
Matter Intake per Body WeightForage Dry Matter Intake per Body WeigFitteutral Detergent Fiber Intake per Body Weidtirude Protein Intake
per Body Weight° Digestible Energy Intake per Body Weight (Mcal/day6f BW); 'Dry Matter Digestibility; Neutral Detergent Fibeig@stibility;
3Crude Protein Digestibility*Control Group*Protein Supplement GrouffEnergetic Supplement Group;

January 14, 2016 to February 23, 20#Bebruary 24, 2016 to April 4, 2018April 5, 2016 to May 15,2016.

Different lowercase letters in the same row indicdifference between supplement strategy and diffeuppercase letters in the same row indicate
difference between period Bt< 0.05.
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Table 4 Performance and ruminal pH of grazing Holstein heifers fed no supplement or
fed protein or energy supplement during rainy season.

Supplementation strategy Periods P-value
CONY®  PRCO! ENER p1s p24 pP3s SEM Treat Per Int
ADG! (kg/d) 0.308b 0.570a 0.346b 0.544A 0.512A 0.169B 0.065 0.007 0.001 0.083
TCG (cm/d) 0.061b 0.110a 0.052b 0.112A 0.087A 0.024B 0.021 0.030 <0.001 0.253
WHGS (cm/d) 0.056 0.058 0.055 0.079 A 0.059A 0.031B 0.008 0.956 0.015 0.080
BLG*(cm/d) 0.096 0.098 0.090 0.138 0.064 0.083 0.025 0.972 0.093 0.290
REAS (cm?) 28.894 32.861 27.661 30.916 29.568 28.932 5.314 0.547 0.056 0.068
RFT" (mm) 0913 0.997 1.028 0.907 1.039 0.991 0.079 0.665 0.254 0.349
BFT8 (mm) 1.126 1.368 1.319 1.162 1.309 1.342 0.090 0.163 0.122 0.030

LD? (cm) 48.708 56.676 50.988 47.427B 49.690B 59.255A 5575 0.140 <0.001 0.027

tAverage daily gain; 2Thoracic circumference gain; 3Withers Hegitt; “Body length gain’Ribeye area’ Ribeye fat Thickness;
8Back fat Thickness’Loin deep®Control Groupl'Protein Supplement GrouffEnergetic Supplement Group

BJanuary 14, 2016 to February 23, 204Bebruary 24, 2016 to April 4, 2018April 5, 2016 to May 15,2016.

Different lowercase letters in the same row indicate diffeedetween supplement strategy and different uppercaseiletteesame
row indicate difference between periodPat 0.05.

Item
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Table 5Eye temperature and Body Score Condition (BSC) of grazing of Holstein
heifers fed no supplement or fed protein or energy supplement during rainy season.

Treatments Period P-value
CON PRC ENF d 63 d100 SEM Treat Per Int
ETmax (°C) 37.043 37.325 37.550 38.682 A 3593 B 0.486 0.276 <0.001 0.692
ETmir? (°C) 34.786 35.416 35.241 36.68 A 33.60B 0.371 0.483 <0.001 0.887
ETavg (°C) 36.139 36.416 36.483 37.709 A 34.983 B 0.423 0.533 <0.001 0.723

BCS 3.238b 3.429a 3.037c 3.212B 3.257 A 0.113 0.026 0.531 0.766

1 Maximum eye temperatureésMinimum eye temperaturedAverage eye Temperaturégody condition score;Control Group;
Proteic Supplement GroufEnergetic Supplement Groufiedial day betweenland 29 period;® Medial day between"2and ¥

period.
Different lowercase letters in the same row indicate diffeedoetween supplement strategy and different uppercaseilettegsame

row indicate difference between periodPat 0.05.

Item
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Table 6 Substitution rate of supplementation strategies across periods.

Substitution rate

Period PR ENE
1t 0.27 0.60
22 0.53 1.21
3B 0.17 1.88

January 14, 2016 to February 23, 20F&bruary 24, 2016 to April 4, 2018pril 5, 2016 to May 15,2016*Proteic Supplement
Group;°Energetic Supplement Group
6% of forage DMI = to supplement DMI.

29



300 - - 35

250 A --.o.--"'..- ."'..' - 30

- 25
200 —
.%0 “~-—----_---‘§ B 20 Gjé
5 150 - Seao 5
S -"'"-.. S
£ ~- =15 &
= 5
100 - =

- 10

N ﬂ ﬂ ﬂ ﬂ )

0 | 0

B Rainfall Fortnight

1 Evaporation
— AvgTemp
eessees Max Temp
=== Min Temp

Figure 1 Accumulate fortnightly rainfall and evaporation (mm); minimum, average and
maximum fC) temperatures during the experiment.
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Figure 2 Crude Protein Intake of grazing Holstein heifers fed mirarpplement
(CON) or fed protein (PRO) or energy (ENE) supplement through three periods in the

rainy season.
*Indicative of significance in the period (P < 0.05).
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Figure 3 Neutral Detergent Fiber Intake (g/kg BW) of grazing Holstein heifers fed no
supplement (CON) or fed protein (PRO) or energy (ENE) supplement through 3 periods

in the rainy season.
* Indicative of significance in the period (P < 0.05).
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Figure 4 Loin Deph of grazing Holstein heifers fed no supplement (CON) or fed
protein (PRO) or energy (ENE) supplement through three periods in the rainy season.
* Indicative of significance in the period (P < 0.05).
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Figure 5 Back Fat Thickness of grazing Holstein heifers fed no supplement (CON) or
fed protein (PRO) or energy (ENE) supplement through three periods in the rainy and
transition rainy-dry season.

* Indicative of significance in the period (P < 0.05).
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