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ABSTRACT

GIONBELLI, Mateus Pies, D.Sc., Universidade Federal de Vigosa, September of 2013.
Nutrient requirements and quantitative aspects of growth, development and
digestion of pregnant and non-pregnant Nellore cowsAdviser: Sebastido de Campos
Valadares Filho. Co-Advisers: Mario Luiz Chizzotti and Edenio Detmann.

Pregnancy is the most complex physiological stage of a cow production cycle. Several
challenges occur in the normal physiology status of the cow to support the formation of
a new individual of the species. Data about the nutrient requirements and quantitative
aspects of growth, development and digestion of pred@asindicuscows are limited.
Aiming to fill at least part of the existing knowledge gap, we conducted a comparative
slaughter experiment with pregnant and non-pregnant Nellore cows. The results are
presented in four chapters. The objective of the work described in the first chapter was
to evaluate the growth and development of maternal and fetal organs and tissues during
pregnancy in zebu cows and the effect of feeding level on tissue development. Forty-
nine multiparous Nellore cows (32 pregnant and 17 non-pregnant) with average initial
body weight of 451 + 10 kg were used. Cows were segregated into 2 groups according
to level of feeding; either HIGHa@ libitum) or LOW (restricted feeding 1.2 times
maintenance according to the NRC). The 32 pregnant cows were separated into 4
groups of 8 cows each and harvested at 136, 189, 239 and 269 d of pregnancy for tissue
collection and analysis. HIGH-fed cows had greater BW dak Q.01), final BW P <

0.01) and body condition scorB € 0.01). In early gestation, LOW-fed and HIGH-fed
cows had similar accretion of fat in the empty body free of pregnancy components
(EBW.,), however, with the increase in gestational age, the daily rates of fat gain were
greater in HIGH-fed cows than those in LOW-fed cows. The BW gain in pregnant

LOW-fed cows was mostly fat while HIGH-fed cows accumulated also other types of

tissues. LOW-fed cows had lower proportion of organs and viscera (139 vs 159 g/kg of
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EBW,, P < 0.01). The interaction between feeding level and time of gestdien (
0.03) showed that the gravid uterus was greater in HIGH-fed cows only in late
gestation, although there were no differences in chemical composition and energy
content of gravid uterus due to feeding le\e(0.10). HIGH-fed cows increased the
weight of fresh udder after 239 d of gestatién<(0.10) while LOW-fed cows did not
present significant udder increase due to pregnaRcy (0.10). LOW-fed cows had
proportionally (g/kg of EBW) lower liver, visceral fat and mesentefy € 0.01) and
greater heartR < 0.10) than HIGH-fed cows. The proportional weights of rumen-
reticulum, omasum and total stomach were affedged (.05) by pregnancy and were

lower at 269 d than in early gestation. HIGH-fed cows had greater fetuses at 269 d of
gestation than LOW-fed cows. Fetuses from HIGH-fed cows had greater car€asses (
0.03) but did not differ from fetuses from LOW-fed cows in organs and visPera (
0.27). Placenta weight was greater in HIGH-fed co®s (0.01) and the relationship
between placenta and fetus weight was different between feeding wvel3.¢1). The
weights of the gravid uterus and fetus, as well as their contents of energy and N, were
lower in this study compared to previous studies \Bitis tauruscattle. In the second
chapter, data from the same 49 cows used in the first chapter were used to develop a set
of equations and relations for BW adjustments in pregnant or not pregnant beef cows,
improving the options and the reach of the research in the area. Cows were weighed
every 28 d (0700 h, before feeding) to obtain the BW, and reweighed at the same time
the following day after 16 h of fasting to obtain the shrunk body weight (SBW) values.
Pregnant cows were separated into four groups of eight cows each and harvested at 136,
189, 239 and 269 d of pregnancy to obtain the empty body weight (EBW) and the
weight of components related to pregnancy. To establish the relationships between the

BW, SBW and EBW of pregnant and non-pregnant cows as a function of time of
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gestation, a set of general equations was tested, based on theoretical suppositions. The
pregnant compound (PREG) was defined as the weight that is genuinely related to
pregnancy, that includes the gravid uterus minus the non-pregnant uterus plus the
accretion in udder related to pregnancy. The PREG was deducted from the SBW or
EBW of a pregnant cow to estimate the non-pregnant SBW and EBW {S&W

EBW,,) and to calculate the body gain of only maternal tissues (rSBG and rEBG). The
overall equation to predict SBW from BW was 0.8084 x B¥? The equation to
predict gravid uterus weight in function of days of pregnancy (DOP) was 0.2106 x
g((0.03119-0.00004117 x DOP) x DOP)Thare \was no accretion of weight in udder up to 238 d of
pregnancy and the accretion after 238 d was exponentially correlated with DOP. We
conclude that the weight related to the pregnancy can be estimated in a live cow
allowing estimating the non-pregnant EBW and SBW of a pregnant cow. This allows
estimate and compare the weight gain of tissues not related to the pregnancy and the
comparison of weight gain of a pregnant and non-pregnant cow. The objective of the
third chapter was to evaluate the effects of pregnancy and feeding level on intake,
digestibility and efficiency of microbial N production in Nellore cows. Forty-four
multiparous Nellore cows (32 pregnant and 12 non-pregnant) with average initial body
weight of 451 + 10 kg were fed either HIGHd(libitum) or LOW (restricted feeding

1.2 times maintenance according to the NRC) feeding level. The diet consisted of corn
silage (85%), ground corn, soybean meal, urea and mineral mixture. The intake was
controlled daily and the DM intake (DMI) was evaluated weekly. In vivo apparent total
digestibility was estimated using indigestible NDF as an internal marker and microbial
N synthesis was estimated from the technique of the purine derivatives in urine. The
voluntary feed intake reduced as the pregnancy advances in Nellore cows and can be

calculated as DMI (kg/d) = (16 0.0093 x days in pregnancy) / 1000 x SByY DMI
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(kg/d) = (16.4- 0.0093 x days in pregnancy) / 1000 x SBWhe average DMI of
LOW-fed cows corresponded to 102, 98 and 67% of the amount of energy necessary to
attend the maintenance and pregnancy energy requirements suggested by NRC for a
cow at 0, 135 and 270 d of pregnancy, respectively. LOW-fed cows had 0.26 kg/d of
average shrunk body gain indicating that the nutrient energy requirements of Zebu cows
are likely lower than those suggested by NRC. The interaction between the feeding level
and days of pregnancy was significant (P<0.05) for the digestibility of DM, OM, N, EE,
NDFy and GE, and the values of TDN. In all these cases there was a reduction in
digestibility with increasing gestation age in HIGH-fed cows, while the digestibility
OM, N, EE, NDF, and GE increased as function of days of pregnancy in LOW-fed.
The reduction in the digestibility of neutral detergent fiber occurs faster than in dry
matter digestibility. These data suggests that the reduction of the digestibility as
pregnancy increases is caused by an increase in the rate of passage as compensation
factor for the ruminal volume reduction. There were no direct effects of pregnancy on
microbial N production in Nellore cows. In the fourth chapter 49 adult Nellore cows (32
pregnant and 17 non-pregnant) with average initial body weight of 451 + 10 kg were
used in a comparative slaughter study aiming to describe equations and relationships for
prediction of net, metabolizable and dietary energy and protein requirements for adult,
pregnant and non-pregnanBos indicus cows. Feeding control was measured
individually and cattle were fed either HIGHA libitum) or LOW (restricted feeding

1.2 times maintenance according to the NRC). The 32 pregnant cows were separated at
random into 4 groups of 8 cows each (4 cows per each feeding level) and harvested at
136 £ 1,189 + 1, 239 £+ 1 and 269 + 1 d of pregnancy. The non-pregnant cows were
harvested at different times of the experiment (85 to 216 days of feeding control) in

order to keep them in experiment for a similar amount of time as the pregnant cows.



The digestible energy and N and losses of energy as methane and urine were directly
measured to establish the relations between GE, DE and ME. Energy and N content
were analyzed in empty body and pregnant compounds and a set of relationships and
equations based in the factorial method from ARC was used to estimate the nutrient
requirements of energy and N. The net energy and protein requirements for pregnancy
(NE, and NR) estimated in this study were about ¥ of those estimated by NRC. When
estimated by a logistic model, the daily requirements for pregnancy showed an
exponential increase up to approx. 250 days of gestation and then decreased. However,
when an allometric model was used to estimate the daily requirements for pregnancy,
the maximum daily requirements were at birth. There were no differences in the
dynamics of energy and protein (P=0.388 and 0.137, respectively) in the cow’s empty

body weight pregnant free (EBY suggesting that the pregnancy does not affect the
requirements for accretion of body reserves in cows. The partial efficiencies for use of
metabolizable energy for maintenance, weight gain and pregnindy @ndk:) were
respectively 70, 53 and 12%. The partial efficiencies for use of metabolizable protein
for maintenance, weight gain and pregnargy 4; andz;) were respectively 22, 22 and

5%, indicating that in mature cows the major portion of metabolizable protein intake is

not used for tissue accretion. The efficiency of transformation of DE in ME was 0.80.



RESUMO

GIONBELLI, Mateus Pies, D.Sc., Universidade Federal de Vigosa, setembro de 2013.
Requerimentos nutricionais e aspectos quantitativos do crescimento,
desenvolvimento e digestio de vacas Nelore gestantes e nao gestantes. Orientador:

Sebastido de Campos Valadares Filho. Coorientadores: Mario Luiz Chizzotti e Edenio

Detmann

A gestacdo é o mais complexo estagio fisiologico de uma vaca durante um ciclo
produtivo. Varios desafios ocorrem no status fisiolégico normal da vaca para suportar a
formacdo de um novo individuo da espécie. Dados sobre exigéncias nutricionais e
aspectos quantitativos do crescimento, desenvolvimento e digestdo dBamaadicus

sao limitados. Objetivando preencher pelo menos uma parte da lacuna existente, foi
conduzido um experimento de abate comparativo com vacas gestantes e ndo gestantes.
Os resultados sdo aqui apresentados em quatro capitulos. No primeiro capitulo, quarenta
e nove vacas Nelore (32 gestantes e 17 ndo gestantes) com peso médio inicial de 451 +
10 kg foram usadas num experimento para avaliar o crescimento e desenvolvimento de
tecidos maternos e fetais durante a gestacdo em vacas zebuinas. As vacas foram
divididas em dois grupos de acordo com o nivel alimentar, que foi ALTO (ad libitum)

ou BAIXO (alimentacgé&o restrita a 1,2 vezes a mantenca, segundo o NRC). As 32 vacas
gestantes foram separadas em 4 grupos com 8 vacas em cada e abatidas aos 136, 189,
239 e 269 dias de gestacdo para coletas de tecidos e andlises. Vacas do alto nivel
alimentar tiveram maior ganho de peso (P<0,01), peso final (P<0,01) e escore de
condicdo corporal (P<0,01). No inicio da gestacéao, as vacas dos dois grupos alimentares
tiveram similar acréscimo de gordura no peso de corpo vazio isento de componentes
relativos a gestacéo (PC\¥ Entretanto, com o aumento da gestacéo, as taxas diarias
de ganho de gordura foram maiores nas vacas de alto nivel alimentar do que nas do
nivel baixo. O ganho de peso obtido por vacas do nivel alimentar baixo foi praticamente
apenas gordura, enquanto que vacas do alto nivel alimentar acumularam também outros

tipos de tecidos. Vacas do baixo nivel alimentar tiveram menor propor¢do de 6érgaos e
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viscera (139 vs 159 g/kg de PC)ZP<0.01). A interacdo entre o nivel alimentar e o
tempo de gestacdo (P=0,03) mostrou que o utero gravido foi maior nas vacas do nivel
alimentar alto no final da gestacdo, embora ndo fossem observadas diferencas
significativas na composicéo quimica e contetdo de energia do Utero gravido em funcéo
do nivel alimentar (P>0,10). Vacas do nivel alimentar alto aumentaram o peso do Ubere
apos 239 dias de gestacdo (P<0,10) enquanto que vacas do nivel alimentar baixo nao
apresentaram aumento significativo. Vacas do menor nivel alimentar tiveram
proporcionalmente menores pesos de figado, gordura visceral e mesentério (P<0,01) e
maior coracao (P<0,10) do que vacas do nivel alimentar alto. Os pesos proporcionais do
rimen-reticulo e dos estbmagos foram afetados (P<0,05) pela gestacédo e foram menores
aos 269 dias de gestacao do que no inicio da gestacdo. Vacas do nivel alimentar alto
tiveram fetos mais pesados aos 269 dias de gestacdo do que vacas do nivel alimentar
baixo. Os fetos das vacas do maior nivel alimentar tiveram maiores carcacas (P=0,03),
mas nao diferiram dos fetos das vacas do menor nivel alimentar no peso de 6rgéos e
visceras (P=0,27). O peso da placenta foi maior em vacas do maior nivel alimentar
(P<0,01) e a relacdo entre peso da placenta e do feto foi diferente entre os niveis
alimentares (P<0,01). Os pesos do Utero gravido e fetos, como também seus conteddos
de energia e nitrogénio, foram menores neste estudo do que em estudos prévios
realizados com gad®os taurus No segundo capitulo, dados das mesmas vacas
utilizadas no primeiro capitulo foram utilizados para desenvolver um grupo de equacdes
e relacOes para ajuste de peso corporal em vacas gestantes e ndo gestantes, ampliando as
opcdes para a pesquisa ha area de gado de corte. A cada 28 dias asaraqassfhidas

pela manha (7h, imediatamente antes da alimentacdo) para obter o peso vivo (PV), e
repesadas ao mesmo horario no dia seguinte apds 16 horas de jejum de sdlidos para
obter-se o0 peso vivo em jejum (PVJ). As vacas gestantes foram separadas em 4 grupos

de 8 vacas cada e abatidas aos 136, 189, 239 e 269 dias de gestacao para obter o peso de
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corpo vazio (PCVZ) e o peso dos componentes relacionados a gestacdo. Para
estabelecer-se as relacdes entre PC, PCJ e PCVZ de vacas gestantes e naegestantes
funcdo do tempo de gestacdo, um grupo de equacdes gerais foi avaliado, baseado em
suposicdes teoricas que foram apresentadas com suas explanacfes. Sugeriu-se 0
conceito de componente gestacdo (PREG), que representa o Gtero gravido menos o peso
do utero numa condicdo ndo gestante mais o acréscimo de Ubere que ocorreu devido a
gestacao. A partir disso, o PREG foi subtraido dos valores de PVJ e PCVZ das vacas
gestantes para estimar-se os PVJ e PCVZ ndo gestanteg €PPLV4,) e para
calcular-se o ganho de peso relativo apenas aos tecidos maternos (rGPVJ e rGPCVZ). A
equacdo gerada para predizer PVJ a partir do PV foi 0,8084 **B\WA equacdo

gerada para predizer o peso do Utero gravido em funcdo dos dias de gestacédo (DG) fo
0.2106 x §0-03119-0.00004117 xDG) x DEN 54 foj observado acréscimo no peso do Ubere até
238 dias de gestacdo e apos isso o acréscimo foi exponencialmente correlacionado com
DG. A aplicacdo das equacdes e relacdes geradas pode ser util como uma ferramenta
pratica para separar a por¢ao do ganho diario e peso vivo é referente a tecidos maternos
e a porcao relativa a gestacéo. O objetivo do estudo apresentado no terceiro capitulo foi
avaliar os efeitos da gestacao e do nivel alimentar sobre o consumo, a digestibilidade e a
eficiéncia de producdo microbiana em vacas Nelore. Quarenta e quatro vacas Nelore
adultas, multiparas (32 gestantes e 12 ndo gestantes) com peso médio inicial de 451 +
10 kg foram alimentadas a um nivel alto (ad libitum) ou baixo (alimentagao restrita a
1,2 vezes a mantenca, de acordo com o NRC) da mesma dieta. A dieta consistiu de
silagem de milho (85%), milho grdo moido, farelo de soja, uréia e mistura mineral. O
consumo foi controlado diariamente e o consumo diario de matéria seca (CMS) foi
avaliado semanalmente. A digestibilidade aparente in vivo foi estimada usando-se FDNi
como marcador interno da digesta. A producdo de N microbiano foi avaliada pela

técnica dos derivados de purina na urina. O consumo voluntario reduziu com o aumento
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da gestacdo e pode ser descrito como CMS (kg/d) = 16093 x dias de gestacéo) /

1000 x PCVZ ou CMS (kg/d) = (16;40,0093 x dias de gestagao) / 1000 x Pg,V@

CMS médio das vacas do baixo nivel alimentar correspondeu a 102, 98 e 67% da
guantidade de consumo necessario para atender as exigéncias de energia sugeridos pelo
NRC para uma vaca aos 0, 135 e 270 dias de gestacéo, respectivamente. Vacas do baixo
nivel alimentar tiveram ganho médio diario de 0,26 kg, indicando que as exigéncias de
energia estimadas pelo NRC sao superestimadas para vacas zebuinas. A interacdo entre
o nivel alimentar e o tempo de gestacao foi significativa (P<0,05) par as digestibilidade

da matéria seca, matéria organica, nitrogénio, extrato etéreo, fibora em detergente neutro
e energia bruta, e também para os valores de NDT. Em todos os casos, houve reducéo
da digestibilidade em funcdo do aumento da gestagéo nas vacas alimentadas ad libitum,
enguanto que nas vacas que sofreram restricdo alimentar as digestibilidades de matéria
organica, nitrogénio, extrato etéreo e fibra em detergente neutro aumentaram em funcéo
do tempo de gestacdo. A reducao da digestibilidade da fibra em detergente neutro em
funcdo do tempo de gestacdo ocorreu mais rapidamente do que da digestibilidade da
matéria seca. Os dados desse estudo sugerem que a reducao na digestibilidade ocorrida
em funcédo do tempo de gestagcédo nas vacas alimentadas ad libitum tenha sido causad
pelo aumento da taxa de passagem, como fator compensatorio para a reducédo do volume
ruminal. Nao foram observados efeitos da gestacao sobre a producdo de N microbiano
em vacas Nelore. No quarto capitulo 49 vacas Nelore adultas (32 gestantes e 17 nao
gestantes) com peso médio inicial de 451 + 10 kg foram usadas num experimento de
abate comparativo objetivando descrever equacOes e relacbes para predizer as
exigéncias liquidas e metabolizaveis de energia e proteina para vacas zebuinas adultas,
gestantes e nao gestantes. O consumo de alimento foi mensurado individualmente,
sendo as vacas alimentadas com alto (ad libitum) ou baixo nivel alimentar (1,2 vezes a

mantenca, segundo o NRC). As 32 vacas gestantes foram separadas em 4 grupos com 8
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vacas cada (4 de cada nivel alimentar) e abatidas aos 136 £ 1, 189 + 1, 228%+H

1 dias de gestagdo. As vacas ndo gestantes foram abatidas em diferentes tempos de
experimento (85 a 216 dias de controle experimental) objetivando manté-las em
experimento por tempo semelhante as vacas gestantes. A energia e N digestivel, bem
como as perdas de energia na forma de metano e urina foram diretamente mensuradas
para estabelecer as relacdes entre energia bruta, energia digestivel e energia
metabolizavel. Os conteldos de energia e N foram diretamente analisados no corpo
vazio e no componente gestacdo das vacas. Um conjunto de equacdes e relagbes
baseadas no método fatorial foi utilizado para estimar as exigéncias nutricionais de
energia e proteina. Os requerimentos liquidos de energia e proteina para gesgagao (EL
PL,) estimados nesse estudo foram em média % dos do NRC. Quando estimados por um
modelo logistico, 0s requerimentos para gestacdo aumentaram até aproximadamente
250 dias de gestacdo, e entdo reduziram. Entretanto, quando estimados por modelos
alométricos simples, os requerimentos para gestacdo atingiram 0 maximo somente
proximo ao parto. Nao foram observadas diferencas na dinamica de energia e proteina
(P=0,388 e 0,137, respectivamente) no corpo vazio da vaca livre do componente
gestacao, sugerindo que a gestacdo nao afeta as exigéncias nutricionais para acumulo de
reservas corporais em vacas adultas. As eficiéncias parciais de uso da energia
metabolizavel para mantenga, ganho de peso e gestdgidy(e k;) foram,
respectivamente, 70, 53 e 12%. As eficiéncias parciais de uso da proteina metabolizavel
para mantenca, ganho de peso e gestagaady(e z)) foram respectivamente 22, 22 e

5%, indicando que em vacas adultas grande parte da proteina metabolizavel ndo é
recuperada na forma de tecidos. A eficiéncia de transformacdo da energia digestivel em

energia metabolizavel foi 0,80.
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INTRODUCAO GERAL

A Unica categoria na qual ainda ndo se disp6e de conhecimentos minimos sobre
requerimentos nutricionais de zebuinos € a de vacas em gestacdo. Embora seja clara a
importancia do conhecimento dos requerimentos nutricionais dessa categoria, ndo foram
observados na literatura mundial trabalhos envolvendo a quantificacdo das exigéncias
nutricionais para mantenca e gestacao de vacas zebuinas.

O Brasil possui por volta de 67 milhdes de matrizes de corte (Vasconcelos e
Meneghetti, 2006), que fazem parte de um rebanho bovino de ce26a delhdes de
animais, das quais estima-se que 80% possuam algum grau de sangue da raca Nelore
(ANUALPEC, 2011). Esse mesmo rebanho ocupa cerca de 172 milhdes de hectares de
pastagens (IBGE, 2011), dos quais por volta de metade é ocupada pelos rebanhos de
cria.

Segundo Ritchie (1995), 71% do total de energia gasto na producédo de gado de
corte € usado para mantenca e 70% dessa energia de mantenca é consumida pelo
rebanho de cria. Portanto, 50% da energia exigida para a producdo de gado de corte sdo
demandados para mantenca das vacas. Se a isto acrescentarmos as demandas para
reproducdo e para lactacdo, $erd que cerca de 60 a 70% de toda a energia do sistema
sdo gastos na fase de cria.

Dessa forma, o conhecimento das exigéncias de energia, proteina e minerais, bem
como as eficiéncias de utilizacdo da energia e nutrientes de vacas de corte gestantes para
as condicdes brasileiras representaria um grande avanco para a pesquisadaa area
ciencia animal no Brasil. O conhecimento destas informacfes permitiria o
desenvolvimento de tecnologias de producdo mais eficientes e daria base cientifica para

o direcionamento das decisdes a serem tomadas no meio produtivo relacionado a essa



categoria animal que, conforme comentado, é responsavel pelo gasto de mais da metade
da energia consumida para a produgéo de carne no Brasil.

Trabalhos nos quais se realizou abate comparativo para quantificar as exigéncias
nutricionais de vacas em gestagado séo bastante escassos na literatura mundial, de forma
gue os principais sistemas de exigéncias nutricionais (ARC, 1980; AFRC, 1993; NRC,
2000; INRA, 2007; CSIRO, 2007) baseiam suas recomendacdes em alguns poucos
trabalhos realizados ou em estimativas indiretas e adaptacdes de valores obtidos com
experimentos envolvendo ovinos. O ARC (1980) baseou suas recomendagdes
entrabalho envolvendo vacas Ayrshire e Jersey, realizado no ano de 1975, sendo que o
AFRC (1993) ndo adotou atualizagdes significativas sobre a forma de calcular os
requerimentos nutricionais para gestacdo. O NRC (2000) baseou suas recomendacdes
nos trabalhos de Ferrell et al. (1976a, 1976b e 1976c), realizados com animais Hereford,
sendo um dos poucos experimentos conhecidos no qual foi realizado abate comparativo
com fémeas em gestacao. Adicionalmente, o NRC (2000) apresentou algumas sugestdes
de ajustes baseados no trabalho de Prior e Laster (1979), realizado com animais da raca
Pardo Suica. O sistema francés (INRA, 2007) possui estimativas de exigéncias
nutricionais para gestacado definidas desde sua edicdo de 1978, e baseia suas
recomendacgdes no trabalho de Ferrell et al. (1976a) e em trabalho sobre composicao
quimica de fetos bovinos realizado na Franca (Cano, 1995). As recomendacdes de
requerimentos nutricionais para gestacao apresentadas pelo sistema australiano (CSIRO,
2007) séao baseadas nas indicagOes feitas pelo ARC (1980) e em ajustes e adaptacdes
obtidos a partir de trabalhos realizados com ovinos, que existem em maior nimero na
literatura.

O conceito de que fémeas gestantes particionam o0s nutrientes disponiveis de

forma a favorecer a sua prole foi inicialmente formulado por Hammond (1947), que



sugeriu que os diferentes tecidos competem por nutrientes circulantes com base nas suas
respectivas taxas metabolicas. Esta idéia foi reforcada pela descoberta de altas taxas
metabdlicas do utero gravido em relagimcorpo da matriz (Meschia et al., 1980).
Entretanto, pesquisas mais recentes tém se concentrado na regulacdo enddcrina dos
tecidos ao invés da competicdo como um mecanismo explicativo de forma geral. Esta
forma de pensamento advém do conceito de “homeorrese”, elaborado por Bauman e

Currie (1980). Este conceito sugere que ha uma influéncia simultdanea de mdultiplos
tecidos implicando mediagdo extracelular para que o metabolismo atenda as demandas
de forma mais coerente em niveis que otimizem a oportunidade do feto crescer e
sobreviver no pés-natal, e minimizando a excessiva deple¢do das reservas maternais de
energia e proteina.

O crescimento do uUtero gravido ou concepto (feto, placenta, liquidos fetais,
membranas fetais e tecidos de suporte do Utero) no terco final da gestacdo exige
suprimento materno de glicose e aminoacidos em grandes quantidades. Estudos do
metabolismo do concepto desenvolvigowivo tém se concentrado principalmente no
metabolismo fetal em termos de trocas umbilicais de oxigénio, nutrientes e metabdlitos
(Bell, 1993, 1995Battaglia e Meschia, 1998; Bell et al., 2005). Cabe ressaltar também
que a maioria desses estudos é realizado em ovelhas, e uma menor parte, em vacas.

Alguns modelos de padrdes metabdlicos para gestacdo foram desenvolvidos para
ovelhas (Bell, 1993), vacas (Bell, 1995) e ambas espécies (Bell et al., 2005). Esses
modelos prevéem que em ambas as espécies, durante o terco final de gestacao, 35 a
40% da energia fetal é fornecida como glicose e lactato e cerca de 55% é fornecida
como aminoacidos. A maioria dos 5 a 10% restantes € fornecida por acetato, o que seria

pouco em relacdo a sua relativa abundancia e importancia para o sistema materno.



A capacidade da placenta em transportar acidos graxos nao esterificados de cadeia
longa (AGNE) e corpos cetdnicos é bastante limitada (Bell et al., 2005), restringindo
acesso fetal a substratos derivados da mobilizacdo de gordura materna e, assim,
restringindo a capacidade do feto de crescer as custas de reservas maternas de energia.
Quase todo o nitrogénio adquirido pelo feto estd na forma de amino&cidos, embora uma
pequena absorcdo umbilical de amdénia seja observada a partir da fase intermediaria da
gestacao (Holzman et al., 1977; Bell et al., 2989

Durante o terco final da gestag&o, os ruminantes, em geral, tendem a aumentar a
ingestao voluntaria de dietas de qualidade média a alta (Forbes, 1986). Isto direciona ao
figado maiores quantidades de substratos gliconeogénicos de origem alimentar
(principalmente propionato e aminoacidos absorvidos). No entanto, a gliconeogénese
hepética aumenta em ovelhas durante o final da gestacdo, mesmo quando o consumo de
alimento ndo é aumentado acima dos padrdes de animais nao gestantes (Freetly e
Ferrell, 1998). Parte desse aumento na gliconeogénese € suportado pelo aumento da
captacdo hepatica de lactato (Freetly e Ferrell, 1998), aparentemente derivado do
metabolismo e aumento da glicose Utero-placentaria materna em tecidos periféricos
(Bell e Ehrhardt, 2000). Uma parte ainda é suportada pelo aumento da captacédo hepatica
de glicerol, especialmente se a mobilizacdo de gordura é aumentada com a aproximacéao
do parto (Freetly e Ferrell, 2000).

Em ruminantes, é sugerido que as fémeas podem aumentar a ingestdo voluntaria
de alimentos na metade da gestacdo, porém, esse aumento € muito menos pronunciado
do que em porcas e muitas vezes ndo é notado (Ingvartsen e Andersen, 2000). Forbes
(1986) relatou que vacas e ovelhas tendem a aumentar, por ficarem mais seletivas, o
consumo voluntario de alimentos de maior qualidade nutricional quando o final da

gestacao se aproxima. Por outro lado, porém, ha reducédo proeminente do consumo nas



semanas finais da gestacao de bovinos. Ingvartsen et al. (1992) sumariaram dados de 20
grupos de vacas de nove publica¢Ges, nos quais observam-se variagdes no consumo nas
dltimas semanas que vao desde aumento de 0,2%/semana até reducdo de 9,4%/semana.
Os mesmos autores também verificaram que novilhas reduziram o consumo voluntario
nas ultimas 14 semanas de gestacdo em 1,53%/semana, com aumento dessa taxa nas
duas ultimas semanas, e cerca de 30% de reducdo nos cinco dias que antecedem o parto.
As variacdes observadas no consumo durante a gestacdo também podem ser diferentes
para multiparas e primiparas (Ingvartsen e Andersen).2000

A regulacdo da ingestao de alimentos por vacas em gestacdo pode apresentar
fatores fisicos e fisiol6gicos que ndo sdo contemplados em modelos tradicionais de
regulacao da ingestdo de alimentos em ruminantes (Forbes, 1980; Fisher et al., 1987)
Essas particularidades, como a influéncia do peso do bezerro na reducao da capacidade
ruminal, a regulacdo hormonal da gestacdo, ou ainda o mecanismo homeorrético de
utilizacdo dos nutrientes, sdo dificeis de modelar e sdo as principais causas das
variagcdes no consumo voluntario obseanstkesse estagio fisioldgico de bovinos.

Com base nisso, objetivou-se neste estudo:

1. Avaliar o crescimento e desenvolvimento de tecidos maternos e fetais
durante a gestacdo em vacas zebuinas;

2. Desenvolver um grupo de equacdes e relacdes para ajuste de peso
corporal em vacas gestantes e ndo gestantes, ampliando as opg¢des
para a pesquisa na area de gado de corte;

3. Avaliar os efeitos da gestacao e do nivel alimentar sobre o consumo,
digestibilidade e eficiéncia de producédo de compostos nitrogenados

microbinos em vacas Nelore;



4. Descrever equacoes e relacdes para predicdo das exigéncias liquidas,
metaboliziveis e dietéticas de energia e proteina para vacas Nelore

adultas, gestantes e nao gestantes.
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CHAPTER 1

Growth and development of cow, udder and gravid uterus of Nellore cows during

pregnancy

ABSTRACT: Forty-nine nonlactating multiparous Nellore cows (32 pregnant and 17
non-pregnant) withan initial BW of 451 + 10 kg were used in an experiment to
evaluate the growth and development of maternal and fetal organs and tissues during
pregnancy in zebu cows and the effect of feeding level on tissue development. Cows
were segregated into 2 groups according to level of feeding; &tk (ad libitum)

or LOW (restricted feeding 1.2 times maintenance according to the NRC). The 32
pregnant cows were separated into 4 groups of 8 cows each and harvested at 136, 189,
239 and 269 d of pregnancy for tissue collection and analysis. HIGH-fed cows had
greaterBW gain @ < 0.01), finalBW (P < 0.01) and body condition score € 0.01).

In early gestation, LOW-fed and HIGH-fed cows had similar accretion of fat in the
empty body free of pregnancy componerEB\.p), however, with the increase in
gestational age, the daily rates of fat gain were greater in HIGH-fed cows than those in
LOW-fed cows. ThéBW gain in pregnant LOW-fed cows was mostly fat while HIGH-

fed cows accumulated also other types of tissues. LOW-fed cows had lower proportion
of organs and viscera (139 vs 159 g/kg of EBW < 0.01). The interaction between
feeding level and time of gestatioR € 0.03) showed that the gravid uterus was greater

in HIGH-fed cows only in late gestation, although there were no differences in chemical
composition and energy content of gravid uterus due to feeding R»e0(10). HIGH-

fed cows increased the weight of fresh udder after 239 d of gestBtio®.10) while

LOW-fed cows did not present significant udder increase due to pregrianc.(0).



LOW-fed cows had proportionally (g/kg of EBMY lower liver, visceral fat and
mesentery B < 0.01) and greater hearP (< 0.10) than HIGH-fed cows. The
proportional weights of rumen-reticulum, omasum and total stomach were afflected (
0.05) by pregnancy and were lower at 269 d than in early gestation. HIGH-fed cows had
greater fetuses at 269 d of gestation than LOW-fed cows. Fetuses from HIGH-fed cows
had greater carcassds< 0.03) but did not differ from fetuses from LOW-fed cows in
organs and visceréP (= 0.27). Placenta weight was greater in HIGH-fed cows: (

0.01) and the relationship between placenta and fetus weight was different between
feeding levels R < 0.01). The weights of the gravid uterus and fetus, as well as their
contents of energy and N, were lower in this study compared to previous studies with

Bos tauruscattle.

KEYWORDS: beef cattle,Bos indicus fetal programming, fetus, homeorhesis,

maternal nutrition
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RESUMO: Quarenta e nove vacas Nelore (32 gestantes e 17 ndo gestantes) com peso
médio inicial de 451 40 kg foram usadas num experimento para avaliar o crescimento

e desenvolvimento de tecidos maternos e fetais durante a gestacdo em vacas zebuinas.
As vacas foram divididas em dois grupos de acordo com o nivel alimentar, que foi
ALTO (ad libitum) ou BAIXO (alimentagé&o restrita a 1,2 vezes a mantencga, segundo o
NRC). As 32 vacas gestantes foram separadas em 4 grupos com 8 vacas em cada e
abatidas aos 136, 189, 239 e 269 dias de gestacdo para coletas de tecidos e analises.
Vacas do alto nivel alimentar tiveram maior ganho de peso (P<0,01), peso final
(P<0,01) e escore de condi¢cdo corporal (P<0,01). No inicio da gestacdo, as vacas dos
dois grupos alimentares tiveram similar acréscimo de gordura no peso de corpo vazio
isento de componentes relativos a gestacéo (Rg:VEZntretanto, com o aumento da
gestacdo, as taxas diarias de ganho de gordura foram maiores nas vacas de alto nivel
alimentar do que nas do nivel baixo. O ganho de peso obtido por vacas do nivel
alimentar baixo foi praticamente apenas gordura, enquanto que vacas do alto nivel
alimentar acumularam também outros tipos de tecidos. Vacas do baixo nivel alimentar
tiveram menor proporgéo de 6rgéos e viscera (139 vs 159 g/kg de,,?€©v¥d.01). A
interacdo entre o nivel alimentar e o tempo de gestacao (P=0,03) mostrou que o Utero
gravido foi maior nas vacas do nivel alimentar alto no final da gestacdo, embora nao
fossem observadas diferencas significativas na composi¢cdo quimica e contetdo de
energia do Utero gravido em funcdo do nivel alimentar (P>0,10). Vacas do nivel
alimentar alto aumentaram o peso do Ubere apd6s 239 dias de gestacdo (P<0,10)
engquanto que vacas do nivel alimentar baixo ndo apresentaram aumento significativo.
Vacas do menor nivel alimentar tiveram proporcionalmente menores pesos de figado,
gordura visceral e mesentério (P<0,01) e maior coracao (P<0,10) do que vacas do nivel

alimentar alto. Os pesos proporcionais do ramen-reticulo e dos estébmagos foram
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afetados (P<0,05) pela gestacdo e foram menores aos 269 dias de gestacao do que no
inicio da gestacdo. Vacas do nivel alimentar alto tiveram fetos mais pesados aos 269
dias de gestacdo do que vacas do nivel alimentar baixo. Os fetos das vacas do maior
nivel alimentar tiveram maiores carcacas (P=0,03), mas nao diferiram dos fetos das
vacas do menor nivel alimentar no peso de 6rgdos e visceras (P=0,27). O peso da
placenta foi maior em vacas do maior nivel alimentar (P<0,01) e a relacdo entre peso da
placenta e do feto foi diferente entre os niveis alimentares (P<0,01). Os pesos do utero
gravido e fetos, como também seus conteldos de energia e nitrogénio, foram menores

neste estudo do que em estudos prévios realizados corBgstkurus

Palavras-chave: Bos indicus feto, gado de corte, homeorrese, nutricdo materna,

programacao fetal
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INTRODUCTION

Pregnancy is the most complex physiological stage of a beét ¢dw Several
challenges occur in the normal physiology status of the cow to support calf formation.
These modifications include changes in the size and composition of the maternal tissues
and organs and growth of the tissues that support pregnancy and lactation such as the
gravid uterus and mammary gland. The dynamic of these changes lyefodiaks an
exponential model (Jakobsen et al., 195&rrell et al., 197GaPrior and Laster, 1979)
with anincrease of the variation in fetal weight and gravid uterus as the pregnancy nears
its end (Ferrell et al., 19768ilvey and Haydock, 1978ell et al., 1995).

Factors such as genotype (Anthony et al., 1988rell, 1991 Bellows et al.,

1993), number of fetes (Gregory et al., 1990Ferrell and Reynolds, 1992), nutrition
(Freetly et al., 2000Greenwood et al., 200Meyer et al., 2010) and temperature all
affect development of pregnancy. Nutrition affects the development of the progeny
during the pregnancy and after birth (Wu et al., 20@8nahme, 2007).

The knowledge about the dynamic of the modifications that occur in the cow and
its progeny because the level of intake and at different stages of pregnantsath&y
challenges with regard to nutritional management during gestation.

Most studies about pre-natal growth in cattle were developed Baghtaurs
animals. HoweverBos indicusand B. taurusdiffer in the physiology of growth and
development (Frisch and Vercoe, 19d@&nkins and Ferrell, 200&artori et al., 2010).
Unfortunately, information regarding. indicuspre-natal growth are rare and usually
limited to birth weight (Souza and Ramos, 199&bato et al., 1998~orni et al., 2009)
or estimation of fetal measures by ultrasound during the pregnancy (Bergamaschi et al.,

2004). Thus, the objective was to evaluate the growth and development of maternal and
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fetal organs and tissues during pregnancy in zebu cows and the effect of feeding level

on tissue development.

MATERIALS AND METHODS

This study was conducted at the Universidade Federal de Vigosa (Vigosa, MG,
Brazil) following the standard procedures for humane animal care and handling

according to theniversity’s guidelines.

Animals

Forty-nine nonlactating multiparous Nellore cows wathinitial BW of 451 + 10
kg, age ranging from 3.8 to 7.9 years and body condition score 6f0424(1 to 9 scale)
were obtained from the Universidade Federal de Vigosa herd and commercial farms.
Before the experiment, cows were allowed to graze for&gackiaria decumbens
Stapf) receivinga mineral and vitamins supplement. Animals were treated for internal
and external parasites by the administration of ivermectin (lvomec, Merial, Duluth,
GA).

Thirty-two cows were separated at random and hand mated to 5 Nellore bulls (6-
cows per bull) during a 50-d mating period. At the beginning of the mating period a
hormonal induction of the estrous cycle was performed using an injection of GnRH
agonist followed 7 d later by an injection of P& EThatcher et al., 198%olfenson et
al., 1994). Mating observation was performed by 2 observers 3-times per d (0600 to
0800, 1200 to 1400, and 1800 to 2000 h) and 25 d after mating ultrasound was used to

confirm pregnancy. Day of mating was considered the d 0 of pregnancy.
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From the initial 49 cows, 12 cows were separated at random and assigned to the
non-pregnant group and the 5 remaining cows were designated as the baseline group
and harvested.

During the mating period cows were kept in drylot pens (1000 m?) with 6-7 cows
and 1 bull in each pen. Cattle were fed a diet containing fresh sugar cane (45% on DM
basis), elephant gras®dnnisetum purpureun15% on DM basis) and concentrate
(10% on DM basis, 20% CP). The concentrate portion of the diet was composed of
sorghum meal, urea and mineral mixture. The non-pregnant and baseline cows were
kept in a separate pen and fed the same diet. Before the beginning of the experiment
cows were moved to the experimental pens and allowed to adapt to the electronic head
gate system (Kloppen Solugbes Tecnoldgicas, Pirassununga, SP, Brazil) and the

experimental diet for 3 wk.

Diet and management

Cows were housed in pens (48 m?, 6 cows per pen) with a concrete floor, 15 m2 of
covered area, an@d libitum access to fresh water. Feed intake was measured
individually using an electronic head gate system. Bred cows were at 47 = 3 d of
gestation when the feeding trial started.

All cows were fed the same diet twice daily (0700 and 1500 h) and segregated
into 2 groups according to level of feeding, eithédGH (ad libitum) or LOW
(restricted feeding 1.2 times maintenance according to the NRC, 2000). Sixteen
pregnant and 5 non-pregnant cows were fed HIGH level and 16 pregnant and 7 non-
pregnant cows were fed the LOW-diet. The restricted feeding was estimated so that 1.2
times maintenance sustained pregnancy and the HIGH-fed allowed some maternal tissue

storage.
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The diet consisted of corn silage, corn meal, soybean meal, urea and mineral
mixture (Table ) The feed supplied and the orts were recorded daily. Samples of corn
silage and orts were taken daily and composited each week for analyses. Sathgles
corn meal and soybean meal were taken each time the conceatsatécad.

Every 28 d cows were weighad the morning (0700 h, before feeding) to obtain
the BW, and the next day, at the same time, after 16 h of fasshgunkBW (SBW)
measure was taken. The cows had ad libitum access to water during these times. Thus,
the body gainBG, kg/d) and the shrunk body gaiBRG, kg/d) were calculated.

The 32 pregnant cows were separated at randandigroups of 8 cows each (
cows per each feeding level) and harvestelB6 + 1, 189 £ 1, 239 £ 1 and 269 + 1 d of
pregnancy. The non-pregnant cows were harvested at different times of the experiment
(85 to 216 days of feeding control) to keep them in the experiment for a similar length
of time as the pregnant cows. The baseline cows were harvested on d O of the
experiment after the end of the adaptation period and were used to estimate the initial

body chemical composition of the cows in the experiment.

Animal harvest and sampling

Pre-harvest animal care and handling procedures followed the Sanitary and
Industrial Inspection Regulation for Animal Origin Products (Brasil, 1997). Before
harvest, feed was withheld from animals for 16 h, but theyduhdibitum access to
water the entire time. Harvest was performed by using captive bolt stunning and
exsanguination. The euthanasia of fetuses was achieved according American Veterinary
Medical Association Guidelines (AVMA, 2013).

At harvest, udders were removed along with the portion of hide that covered the

udder. Udders were weighed, ground, and samples were taken for chemical analyses.
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The uterus were severed at the cervix and collected for analyses. The gravid agerus w
weighed and dissected into the fetus, uterus, ovaries, and the placenta and fetal fluids
(allantoic and amniotic fluids). All of the gravid uterus components were individually
weighed and the weights of the fetal fluids were calculated by difference. The uterus
and ovaries were ground with the placenta and a sample was collected for chemical
composition analyses. Samples of fetal fluids were also collected for chemical snalyse

Biometric measures of the fetuses were collected similar to the procedures of
Lyne (1960) and Ferrell et al. (1976a). The following measures were recorded: body
length, thoracic circumference, height at shoulder, height at rump, cranial eye
circumference and cranial neck circumference (Figure 1).

Fetuses were dissected initially into head, legs, carcass (containing the hide),
organs and viscera, and the reproductive apparatus (udder and uterus and ovaries or
penis and testicles). Organs and viscera were separated and individually weighed. The
weights of heart, liver, kidneys, lungs, spleen, pancreas and digestive tract (rumen plus
reticulum, omasum, abomasum, small intestine, and large intestine) were recorded.
After that, all of the fetal body were regrouped and ground in a bowl cutter (Refere
Inox, Chapecé, SC, Brazil) for a composited chemical composition sample of the whole
fetus.

The cow’s whole body was initially segregated into head, legs, hide, organs and
viscera, blood and carcass (lean, fat and bone) and then weighed. Organs and viscera
were separated and individually washed and weighed. The weights of heart, liver,
kidneys, lungs, diaphragm, spleen, visceral fat, mesentery and digestive tract (rumen
plus reticulum, omasum, abomasums, small intestine, large intestine and mesenteric fat)
were recorded. The grouping of all whole body components after the wash of the

digestive tract constituted the pregnant enfpy (EBW,, including udder and gravid
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uterus of pregnant cows) or the em@W (EBW,,, for non-pregnant cows). The
EBW,, of pregnant cows was estimated according Gionbelli (2013). After weighing, the
head, legshide, organs and viscera were ground. One composite sample of all of non-
carcass compounds (head, members, blood, hide, organs and viscera) was taken for
chemical composition analyses.

The carcasses were weighed and chilled @old chamber (4 °C) for 24 h. After
chilling, the carcasses were weighed and separated into bone and soft tissue (lean and
fat). All carcass tissues were ground, grouped and sampled for chemical composition
analyses.

The soft tissue components were ground using a bowl cutter and the rigid tissues
were ground initially in an industrial grinder (TOL10, Lunasa, Araguari,MG, Brazil)
and subsequently in a bowl cutter. The homogenization and the grouping to make the
carcass and non-carcass composite samples also were performed using a bowl cutter.

All samples were stored frozen (-80 °C) until laboratory chemical analyses.

Chemical analyses

All samples were lyophilized using a freeze dryer. The feed and orts samples were
ground using a Willey mill (TE-650, Tecnal, Piracicaba, SP, Brazil) to pass thadligh
mm screen. The samples of animal tissues were frozen-powdered using liquid nitrogen
and a blender. ThBM was collected by oven drying at 100 °C for 18 hours (Method
934.01; AOAC, 2000). The ash content was determined by 2-h incineration process in a
600 °C muffle furnace (Method 942.05; AOAC, 2000). The CP contentaadated
based on the N content multiplied by the 6.25 factor. The N content was calculated by
the Kjeldahl procedure (Method 920.87; AOAC, 2000). Evaluation of the ether extract

(EE) content was performed wita XT15 extractor (Ankom, Macedon, NY) using
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petroleum ether, according to thAamerican Oil Chemist’s Society method (Am5-04;
AOCS, 2009). Gross energy was measured using an adiabatic bomb calorimeter

(C5001, IKA-Werke Co, Staufen, Germany

Statistics analysis

Means comparisons. The response variables were analyzed using the GLM
procedure of SAS version 9.2 (SAS Inst. Inc., Cary, NC) according to the following
model:

Yik = W+ Fi + G + (FXG)j + e

whereF; is thejth level of the fixed effect of feeding leveby is theks, level of
the fixed effect of days of gestation aggis the random error.

This model was used to all studied response variables besidés lmody parts,
organs and viscera. In addition to all the effects in the model, the fixed covariate effect
of cow’s BW was included to adjust the values. Least squares means were estimated for
all effects and compared using Fischers protected least significant differencextest at
0.10.

Regression models. When appropriate, regression models were fitted to the data
to explain better the growth and development of the gravid uterus and its components.
The procedures REG and GLM of SAS were used to estimate the regression parameters
of linear functions. Parameters for nonlinear functions were estimated using the Gauss-
Newton method in NLIN procedure of SAS version 9.2. Residual biases were tested by
regressing model residuals on predicted values and testing if the mean residual differed

from zero.

19



The basic mathematical model used to estimate the dynamics of gravid uterus and
its components in function of time of pregnancy was of the logistic form, similar to that
of Koong et al. (1975):

W :WO x e(ﬂl+ﬂz><t+ﬂ3><|-)><t [1]

where t is the day of gestation, L is the level of feeding (g of DM/kg of SBW), W
is the amount of component on day O of gestation and W is the amount of component on
day t of gestation.

When partial weights were compared to estimated weight at parturdion,
gestation length of 290 days was used based on average Nellore cow gestation length
(Cavalcante et al., 200Rocha et al., 2005).

Model evaluations. Parameters of non-linear functions were estimated for HIGH-
fed, LOW-fed cows and pooled functions when appropriate. For each funation,
likelihood ratio test was calculated to test whether estimation of parameters specific to
each feeding level significantly improved fit of the data relative to estimation of
parameters from a pooled data set, ignoring the feeding level. The test statistic was as

follows:

£ _ (RSS —RSS, — RSS)/(Rdf, — Rdf, - Rdf,)
- (RSS, + RSS)/(Rdf, + Rdf )

where RSS represents residual sums of squares and Rdf denotes residual degrees
of freedom; the subscripts P, H and L indicated pooled model, HIGH and LOW-fed
cows, respectivelyA P-value for the F distribution was used to evaluate if the single
model was inappropriate and that the relationship between traits differs between feeding
level. The value oP = 0.10 was adopted as critical level of probability for occurrence

of Type I error.
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RESULTS AND DISCUSSION

The average DMI was 16.0 £ 2.0 and 10.8 + 1.5 g/kg of SBW/d for cows fed

HIGH and LOW level of intake, respectively.

Cows body change and chemical composition

Body change. At the beginning of the experiment (47 d of gestation) cows had
similar SBW (Table 2). As a result of the feeding levels applied SBW was diff€érent (
0.01) among feeding level groups throughout the gestational period and also for the
non-pregnant cows. This difference in BW was because the difference of SBG (
0.01, Table 2) among feeding level groups.

Even when subtracting the weight gain relative to the growth of the pregnancy
(real shrunk body gain,SBG) HIGH-fed cows had greater body gain (0.73 vs 0.15
kg/d) than LOW-fed cows. Cows of LOW feeding level reached the expected gain (0.15
kg/d) to support the pregnancy with the minimum of maternal body tissues gain. This
value of weight gain did not cause changes>(0.10) in the finalBW of LOW-fed
cows throughout the gestation periods and when compared to the non-pregnant cows
(fSBW, Table 2). An increasi final BW without the gravid uterus was observed for
HIGH-fed cows with increased gestation time which indicates an accumulation of body
reserves.

Among HIGH-fed cows, non-pregnant cows had greater rSB& (.10) than
pregnant cows as from 189 d of pregnancy indicagingduction in the body reserves

due to the need for transfer of nutrients to the development of the gravid uterus.
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The HIGH-fed cows had greater BCS than LOW-fed cd¥vs (.01, Table 2) and
cows in late gestation had greater BCS than cows in early gestation. However, when the
BCS was expressed as points of BCS earned every 100 d of experiment (BCSG), no
differences were observel ¢ 0.10) among gestational times and among non-pregnant
cows. The differencesn BCSG values noted among HIGH-fed and LOW-fed cows
were proportional to the values of rSBG and were about 4 times greater in HIGH-fed
COWS.

Nitrogen. There were significant?(< 0.10) accretion of N onow’s body from
239 d of gestation (Table 3) biitwas not significantR = 0.27) when evaluated in the
EBW,,. This finding suggests that although pregnant cows have stored body reserves
during gestation (Table 2}hese reserves were not comprised of protein, although a
greater amount of N was observed in HIGH-fed than LOW-fed cows. The HIGH-fed
cows gained an average of 2 kg of N (Table 4) while in LOW-fed cows the gain of N
was negligible (average of 0.16 kg). The gain of N in HIGH-fed cows was similar
among gestational times evaluated and among pregnant and non-pregnant cows. On the
other hand, a greater rate of N gdh<(0.10) was observed at early gestation compared
to whole gestation or non-pregnant cows. In the pregnant LOW-fed cows the gain of N
was negligible, but there was N gain (6.22 g/d) for non-pregnant cows. These results
suggest that changes in the metabolism of protein deposition may have occurred in the
cow’s body due to the gestation. Although LOW-fed cows had accumulated small body
reserves during gestation, these reserves were not in the form of protein.

The low gain rates of N were compatible with the physiological maturity of the
animals used in this experiment. Adult multiparous mature cows already reached the
peak of maturity and usually do not gain large amounts of N. It is suggested that the

increase of N in HIGH-fed cows during the pregnancy occurred as a consequence of
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increase of organs size and skeletal muscle hypertrophy. The gain rate of N in this
experiment was lower than those observed in growing animals (Jennings et gl., 2011
Bonilha et al., 2013).

Fat. Body fat increased (in the non-pregnant empty body) only in HIGH-fed cows
(P < 0.10; Table 3). The LOW-fed cows accumulated about half of the amount of fat
throughout the experiment than the HIGH-fed cows (23.1 vs 51.8 kg, Table 4). The
gestation seems to cause a positive effect in rates of fat deposition in LOW-fed pregnant
cows when compared to LOW-fed non-pregnant cows. In early gestation, LOW-fed and
HIGH-fed cows had no differences in accretion of fat in the empty body; however, with
the increase in gestational age, the daily rates of fat gain were greater in HIGH-fed cows
than those in LOW-fed cows. As presented in Table 4 body gain in LOW-fed cows was
mostly fat while HIGH-fed cows accumulated also other types of tissues.

Ash. HIGH-fed cows had less proportion of a$h=0.05) in the composition of
EBW,, than LOW-fed cows (Table 3), probably due to an effect of dilution caused by
the higher proportion of fat. The HIGH-fed cows had average body gain of ash of 1.88
kg (Table 4) while in LOW-fed cows the gain of ash was near to zero, being positive for
non-pregnant cows and slightly negative in pregnant LOW-fed cows, which might
indicate a need to mobilize tissue to meet the requirements of the gravid uterus. In
HIGH-fed cows the rate of daily gain of ash was gred®ex (.10) in early gestation
and decrease after 189 d of gestation, likely indicating a greater need of nutritional
support for the growing gravid uterus.

Water. The increase of body water as a result of gestation was signifeant (
0.10) only when the cows empty body was evaluated as a whole, which also includes
the gravid uterus (Table 3). When the gravid uterus was excluded from the evaluation,

the amount of water present in the body of the cows was not difféten0(23) with
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increasing pregnancy. This is likely a result of the gravid uterus having a high
proportion of water (Table)3which could be up to 44 kg of water in tb@v’s body.

The HIGH-fed cows gained 35.5 kg of water throughout the experiment while the
LOW-fed cows gained a negligible amount of water (Table 4) suggesting no gain of
lean tissue in these group of cows. The gain of water throughout the gestation period in
HIGH-fed cows was proportional to the gain of N, which might be explained by the
increase of lean tissue.

It seems to be a priority in the accumulation of tissues throughout gestation in
beef cows. It was observed in this study (Table 3 and Table 4) that in LOW-fed cows
the lower amount of observed gain (Tabjevas related mostly to body fat deposition,
while in HIGH-fed cows there was also accretion of other type of tissues, e.g. bone and
lean tissue. This observation indicates a priority order of deposition of tissues inverse to
that normally observed in growing animals. Specifically, there is a greater proportion of
deposition of lean tissue in cattle with low rates of gain and deposition of lean tissue
and fat in cattle with high rates of gain.

Energy. The increase in the amounts of energy observed in this study was related
to the increase in the amounts of body fat. The amount of energy retained in the gravid
uterus is low significant up to 239 d of gestation (Table 3). The energy retained in the
gravid uterus represents respectively 0.2, 0.5, 1.5 and 2.0 percent of the total energy in
the body of cows at 136, 189, 239 and 269 d of gestation. As a result, the net energy
requirements for pregnancy in cattle is low, but significant when expressed in
metabolizable energy, because there is great energy expenditure related to the synthesis
and maintenance of tissues related to the pregnancy (Ferrell et al., 1976a). The

concentration of energy in the gravid uterus (Mcal/kg) observed in this study in relation
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to the concentration of energy in the cow’s non-pregnant body was of 1:9.9, 1:6.6, 1:4.8
and 1:4.6at 136, 189, 239 and 269 d of gestation, respectively.

Enhancement of body energy concentration in pregnant cows was observed with
the increase of gestational age (Tab)Jewhen the non-pregnant empty body was
evaluated. HIGH-fed cows had greater daily rate of energy gain than LOW-fed cows
(4.13 vs 1.89 Mcal/d, Table 4). However, when the average concentration of energy of
gain was evaluated, the estimated values of rEBG were 12.6 and 5.4 Mcal/kg for LOW-
fed and HIGH-fed cows, respectively. The energy concentration in the gain of LOW-fed
cows is greater than the energetic coefficient of fat (9.39; Blaxter and Rook, 1953)
because the variations on body composition along the experiment (loss of water and fat
gain, Table %

It is noteworthy that LOW-fed cows showed only fat body gain which may be
related to the nutrient requirements for gestation. The growth of the pregnant uterus or
conceptus (fetus, placenta, fetal fluids, fetal membranes and supporting tissues of the
uterus) in the last third of gestation requires maternal supply of glucose and amino acids
in large amounts (Bell, 1995). Some models of metabolic patterns for pregnancy in
cows and sheep (Bell, 199Bell, 1995 Bell et al., 2005) predict that in both species
during the last third of gestation, 35 to 40% of fetal energy is provided as glucose and
lactate and 55% is provided as amino acids. Most of the remaining 5 to 10% is provided
by acetate, which is very low compared to its abundance and relative importance to the
maternal metabolic system. The capacity of the pladgenteansport long chain non-
esterified fatty acids (NEFA) and ketone bodies is rather limited (Bell et al., ,2005)
avoiding fetal access to substrates derived from mobilization of maternal body fat and
thereby restricting the ability of the fetus to grow at the expense of maternal energy

reserves. Almost all the N acquired by the fetus is in the form of amino acids, although

25



a small umbilical uptake of ammonia is observed from the intermediate stage of
pregnancy (Holzman et al., 197Bell et al., 1989). Thus, the mobilization of amino
acids that are precursors of gluconeogenesis and also to meet the supply of amino acids
of the conceptus is often required. Therefareinsufficient amounts of CP in the diet

leads to loss of skeletal muscle tissue in the carcass of the dam, as observed by McNeill

et al. (1997).

Cows body parts, organs and viscera

Carcass and non-carcass tissues. Carcass characteristics and meat quality of the
cows used in this experiment were presented by Duarte et al. (2013b). Cows of HIGH
feeding level had carcass and non-carcass tissues (head, hide, feet, blood, organs and
viscera) heavierR < 0.01) than LOW-fed cows (Table 5). Although it has been
observed an increase on cow carcass weight as a function of gestation time, this increase
was not observed(= 0.20) in the non-carcass tissues. When expressed as proportion of
EBW,, (Table 6) carcass and non-carcass tissues did not diffe0(11 andP = 0.17,
respectively) as a function of time of gestatiéh=0.35 and P = 0.33, respectively).

The dissection of non-carcass tissues showed that LOW-fed cows had higher proportion
of head, feet and hid® « 0.03) and lower proportion of organs and viscera (139 vs 159
g/kg of EBW,,, P < 0.01, Table 6) than HIGH-fed cows. The increase in the proportions
of head, feet and hide may be explained by a dilution effect because the growth of these
tissues is probably not affected by feeding level, and LOW-fed cows had lower body
size than HIGH-fed cows (Table 2). The reduction of the proportion of organs and
viscera may represent an attentpt save energy by LOW-fed cows to support

pregnancy. There is evidence that dams reduce visceral oxygen consumption during
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periods of food restriction (Freetly et al., 1995) indicating that the results of this study
are consistent with this fact.

Uterus. The gravid uterus increased the size about 73 times compared to a non-
pregnant uterus (47 vs 0.64 kg, Table 5). The interaction between feeding level and time
of gestation R = 0.03) showed that the gravid uterus was gre&ter 0.10) in HIGH-
fed cows only in late gestation (51.7 vs 42.4 kg at 269 d of gestation, Table 5). The
results obtained in this study were similar to that observed in sheep when ewes where
fed either ad libitum or at maintenance, and significant differences in the gravid uterus
weight were observed only in late pregnancy (Rattray et al., 1974). In a study using
cattle as a model, Ferrell et al. (1976a) did not observed differences in the development
of gravid uterus during gestation when Hereford heifers were fed at either 150 or 215
kcal/ME/EBW¥d.

The adjust of a logistic model (Eq. [1]) was efficient to describe the growth of
gravid uterus in function of time of gestation (Table 7). Greater gravid uterus weight in
HIGH-fed cows at 269 d of gestation suggested (0.10) that the use of a single model
to describe the growth of the gravid uterus as function of d of gestation in HIGH and
LOW-fed cows may not be suitable. The average gravid uterus weight estimated at
parturition (using models of Table 7) was 55.0 kg (67.9 and 45.0 kg for HIGH and
LOW-fed, respectively), which represents an average of 9.6 % of SBW of a cow in the
same period. The estimated gravid uterus weight at 270 d of gestation in this study was
47.0 kg, which is 19% lower than the gravid uterus weight estimated for the same
period in Hereford heifers (58.0 kg, Ferrell et al., 1976a). This is consistent with lower
average birth weight d@. indicuscattle (Holland and Odde, 1992).

Although the feeding level has caused significant differences in the whole weight

of the gravid uterus during late gestation in Nellore cows, there were no significant
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differences in chemical composition of gravid uterus between feeding I€&vel6.41;

Table 3). HIGH-fed cows had more fat and water in the gravid uterus than LOW-fed
cows at 269 d of gestation. However there were no differeffce€(47) in the N and
energy content between the two groups, sinmtibawhat was previously reported by
Ferrell et al. (1976a). This fact suggests that there were no differences in the net N and
energy requirements for pregnancy in Nellore cows caused by the feeding level.

The amounts of N and energy in the gravid uterus observed in this study were
lower than those present in the gravid uterus of Hereford heifers (Ferrell et al., 1976a).
The amounts of N were [this study vs Ferrell et al. (proportion %)] 0.071 vs 0.073
(97%), 0.18 vs 0.24 (76%), 0.56 vs 0.65 (85%) and 0.79 vs 1.14 (69%) at 136, 189, 239
and 269 d of gestation, respectively. The amounts of energy (Mcal) were 2.73 vs 3.39
(81%), 7.2 vs 11.7 (62%), 22.9 vs 32.6 (70%) and 32.2 vs 56.6 (57%) at 136, 189, 239
and 269 d of gestation, respectively. These results suggest that the net requirements of
N and energy for pregnancy are loweBinindicusthan inB. taurusbeef cattle.

Udder. There was interactionP(= 0.07) between the feeding level and time of
gestation for the wholeeight of the cow’s udder (Table 5). HIGH-fed cows increased
the weight of udder as from 239 d of gestation, while LOW-fed cows did not present
significant increase. The amount of dry matter in the udder showed increase only in late
gestation (269 d) for HIGH-fed cows, while for LOW-fed cows there was no significant
increase (Table 8). The amounts of N in udder increase in late gestation and were
greater in HIGH-fed cows than LOW-fed cows. When the amounts of N were expressed
in proportion of fresh weight of udder (g/kg), there were no effeéet Q.15) of feeding
level and the results also showed an increBse(.01) in the proportion of N along the
gestation. There was an interacti®h=0.03) between the feeding level and the time of

pregnancy in amount of fat of fresh udder. The amount of fat in udder of HIGH-fed
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cows was greateP(< 0.10) at 269 d of gestation than at 189 d of gestation but similar
to what was observed in cows at other times of gestation evaluated. A decrease in the
amount of fat P < 0.10) was observed in LOW-fed cows after 239 d of gestation.
Proportionally, the amount of fat in the udder decrease with the increase of time of
gestation, with reduction more accentuated in LOW-fed cows (intera&ien).03).
The amount of ash was greatBr= 0.02) in the udder of HIGH-fed cows and has also
increased as the time of gestation increased (Table 8). This enhancement was also
observed when the quantities were presented as proportion of udder fresh weight. The
amount of water in the fresh udder increadee 0.01) during gestation but it was not
affected by feeding leveP(= 0.57).

When presented proportionally the content of water in the gravid uterus was lower
(P < 0.01) in HIGH-fed cows compared to LOW-fed cows, inversely to what was
observed with fat (Table 8). An interaction between feeding level and time of gestation
(P = 0.02) showed that the difference in the content of water in the udder among the
feeding levels occur after 239 d of gestation. No differences were obsPreé35) in
the content of energy (Mcal) in the udder of cows as a function of time of gestation.
However an interaction between feeding level and time of gestation showed a tendency
of increase in the amount of energy in the udder of HIGH-fed cows and reduction in
LOW-fed cows as from 239 d of gestation (Table 8). The energy concentration in the
udder of HIGH-fed cows was lower during gestation comparing to the non-pregnant
cows P < 0.10) and did not differ among the times of gestation. In the LOW-fed cows
was observed decrease of the energy concentration at 239 and 269 d of gestation
comparing to the empty LOW-fed cows.

The results of weight and chemical composition of the udder of the cows in this

study suggest that HIGH-fed cows had greater amount of fat and consequently energy in
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the udder than LOW-fed cows. Unlike what was observed by Ferrell et al. (1976a), the
greater amount of fat in the udder of HIGH-fed cows was not excessive to the point of
causing detriment to the formation of secretory tissue as the amount of N and ash
content in the udder of HIGH-fed cows observed in late gestation was constant and not-
decreasing. It can be noted that Ferrell et al. (1976a) used heifers while in this study
mature cows were used, suggesting that the effect of high amounts of fat in the udder
may cause detriment to the formation of secretory tissue only in heifers.

In this study it was observed the exchange of fat N, ash and water as the time of
gestation advanced, suggesting the formation of parenchymal tissue secreting milk, that
was more evident in the late gestation (239 and 269 d of gestation). The fat
concentration decrease from 736 g/kg in non-pregnant cows to 485 g/kg at 269 d of
gestation, while the water concentration increase from 105 g/kg (non-pregnant cows) to
323 g/kg (269 d of gestation). These differences indicate the development or
hypertrophy of milk secretory tissue in the late gestation. Although there were no
significant effect of feeding level in the N and ash concentraken{.15 andP = 0.29,
respectively), HIGH-fed cows had greater total amounts of N and ash in the udder than
LOW-fed cows in the late pregnancy (Table 8). This result suggests that HIGH-fed
cows would produce more milk or colostrum than LOW-fed cows.

Swanson et al. (2008) reported a reduction in the weight of the mammary gland,
colostrums production and total IgG in restricted-fed ewes (60% of requirements)
comparing to the control (100% of requirements) and overfeeding (140% of
requirements) treatments. Hammer et al. (2011) observed that lambs from restricted
ewes having increased blood IgGt24fter birth comparing with lambs from controlled
and high feeding level ewes, when all lambs received the same amount of the same

artificial colostrum. This result suggests that lambs from restricted ewes could be more
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efficient to absorb IgG, as result of the lower colostrum production from their dams. In
the present study the fetuses were dissected and a complete evaluation of the
development of the gastrointestinal tract was performed (Duarte et al., 2013a) showing
that the fetuses from LOW-fed cows had greater length of the small intestine as well as
larger intestinal villi. This is consistent with the lowest amount of ash and N observed in
udders of LOW-fed cows, suggesting that the explanation for the results observed by
Duarte et al. (2013a) is related to the same fact that occurred in studies of Swanson et al.
(2008) and Hammer et al. (2011).

The exchange of fat per secretory tissue, even with increased weight of the udder
did not reflect in increased amounts of fat0.27) and energy™(= 0.35) in the udder
as the gestation increase. These data suggest that there is no increase in the nutrient
requirements of gestation in function of the increase of udder weight, similar to what
has been previously observed by Ferrell et al. (1976a). Unlike this, the amounts of N
and ash were rising as a function of time of gestatior 0.01), indicating that the
addition of N and ash in the udder should be accounted when estimating the nutritional
requirements for gestation.

Cows organs and viscera. HIGH-fed cows had greater liver, kidneys, lungs,
diaphragm, spleen, visceral fat, mesentery and gastrointestinal Rract0(01) than
LOW-fed cows (Table 5). No differences were observed in the weights of Reart (
0.28) between the feeding levels, although proportionally (g/kg of EBihe heart of
LOW-fed cows was smaller than those from HIGH-fed caws 0.01). Although some
studies have suggested an increase in the systemic blood flow and volume as the
gestation progresses (Rosenfeld, 19 eetly and Ferrell, 1997) the observed changes
in the mass of blood due to gestation remains unclear. The blood mass was Breater (

0.10) at 269 d of gestation compared to 189 and 239 d, but did not Biffed.(0) of
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blood mass at 136 d (Table 5). Proportionally to the EBUY cows, the content of
blood at 136 d of gestation was greater<(0.10) than in non-pregnant cows and the
cows from 189 and 239 d of gestation and did not differ 0.10) from 269 d cows
(Table 6).

In several studies with ruminant animals have been observed changes in the
relative proportion of visceral organs to body mass caused by the feeding level in
pregnant (Scheaffer et al., 20(Reed et al., 20Q7Carlson et al., 20Q9Caton et al.,

2009 Meyer et al., 2010) and growing animals (Burrin et al., 1990). In general, the
increase in the weight of organs was proportional to the increase in the ingestion of
food, similar to that was observed in the current study, except for liver, visceral fat and
mesentery, that were proportionally (g/kg of ERyMower P < 0.01) in LOW-fed

cows. Meyer et al. (2010) also observed low proportional weight of liver in feed-
restricted cows, unlike of Carlson et al. (2009) in which ewes that were restricted during
midgestation had greater proportional liver mass than control ewes near term. The liver
is an organ that presents high oxygen consumption and energy expenditure (Eisemann
and Nienaber, 1990). It can be suggested that the liver, heart and kidneys answered for
about 37% of the fasting heat production in cattle and that only the liver is responsible
for about 22.5% (Ferrell et al., 1976b). In the current study, LOW-fed cows had a liver
39% smaller than HIGH-fed cows (3.99 vs 5.54, Table 5), which would represent a heat
production about 9% lower (22.5% x 39%) only due to the liver size. Visceral fat and
mesentery represent largely energy stored in the form of fat, which expresses low
storage of energy as visceral fat by LOW-fed cows.

With regard to the effects of gestation on the mass of visceral organs, in the early
study of Ferrell et al. (1976a) there were no differences in offal weight or composition

between pregnant and non-pregnant heifers. Later studies showed changes in visceral
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organs mass caused by pregnancy (Scheaffer et al., 200daffer et al., 20Q0£aton
et al., 2009Meyer et al., 2010), although the results are partly contradictory.

In the current study pregnant cows decrease the mass of liver compared to the
non-pregnant cow$(< 0.10), although the liver did not change the weight between the
periods of gestatiorP(> 0.10, Table 5). ABW increased over time, a reduction in the
proportional weight of liver (g/kg of EBW) as the gestation time increased was
observed R < 0.01, Table 6). In previous studies the weight of liver was greater in the
late gestation than inigkgestation in heifers (Scheaffer et al., 2001), ewe lambs (Caton
et al., 2009), and mature ewes (Scheaffer et al., 2004) or equal between thedds pe
(for non-restricted cows, Meyer et al., 2010), being similar to the results observed in the
current study. Freetly and Ferrell (1997) also reported increase of hepatic oxygen
consumption as day of gestation increased in mature ewes. It suggested that visceral
organ weight may increase as gestation progresses because increasing nutrient flux from
increased fetal demand (Freetly and Ferrell, 1998). It could be hypothesized that
because the smaller size and lower energy content of the gravid uterus in this study
compared to those reported by Ferrell et al. (197Ba)indicus cows have lower
nutrient requirements for pregnancy and not need or need less increasing the size of the
organs thaiB. tauruscattle or ewes.

There was an interactiof? = 0.01) between the time of pregnancy and feeding
level for visceral fat. The amount of visceral fat was gre&ter @.10) in the HIGH-fed
cows than in LOW-fed cows and between 189 and 239 d of gestation, being equal in
early and late gestation (136 and 269 d of gestation, respectively). HIGH-fed cows
increased the amount of visceral fat as from 136 d of gestation, while LOW-fed cows

increased the amount of visceral fat only at the late gestation (269 d).
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Gastrointestinal tract dissection. The crude weights of all portions of
gastrointestinal tract were lower in LOW-fed cows< 0.03, Table 5) than in HIGH-
fed cows, as function of the greater body size and processing of greater amount of food.
When expressed proportionally (g/kg of EB)NTable 6) there was no effect of feeding
level on the portions of gastrointestinal trabt X 0.26). However, it was observed
reduction in the weight of rumen-reticulum® € 0.01) and omasunP(= 0.05) due to
increase in gestation time. This reduction is possibly caused by limited space. It has
been suggested that the compression of the rumen by gravid uterus and visceral fat
reduce the dry matter intake in late gestation in ruminants (Forbes, 2007). Forbes (1968)
observed drastic reduction in ruminal volume when ewes were slaughtered and
immediately frozen and then sawn in cross-sections, at various stages of gestation.
Forbes (1969) observed a negative relationship between ruminal volume at the slaughter
and the volume of compressive content (gravid uterus plus abdominal fat) in ewes. In
the current study cows reduce the rumen-reticulum weight in 6.9% (7.43 vs 6.95 kg,
altought not statistically significant, Table 5) comparing cows with 136 d of gestation
and 269 d cows. At the same time, the non-pregB#itincreased 7.0% resulting in a
proportional reduction (g of rumen/kg of EB¥Vof 18.8% (Table 6). Considering the
rumen volume as a sphere, the rumen wall with a thickness of 8 mm (Roozbahani et al.,
2013) and a density of 1.1 (weight:volume), the reduction of 8.18% on the rumen
weight is a reduction of approximately 37% in volume (80.0 to 58.3 litres) between 136
and 239 d of gestation.

Cows in the current study showed no differences in mass and proportional weight
along the gestation, similar Meyer et al. (2010) and in contrast to other studies where
the mass of small intestine was lower in cows that suffered restriction in the middle and

late gestation (Scheaffer et al., 208ed et al., 20QCarlson et al., 2009) or only in
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late gestation (Carlson et al., 2009), although it is suggested that the mass of the small
intestine is responsive to nutrient restriction at the late or during all gestation (Meyer et

al., 2010).

Gravid uterus development

Because the few number of studies in the literature, data on the development of
the gravid uterus components were presented in detail (Table 9), with values
dismembered for feeding level even when the interaction among feeding level and
gestation time was not significar®® & 0.10). Nonlinear models of logistic type were
fitted to the data of gravid uterus, fetus, uterus, placenta and fetal fluids (Table 7).

Estimated fetal, uterus, placenta and fetal fluids at parturition were obtained by
extrapolation of the appropriate regression to 290 days of gestation. The values obtained
were 28.8, 9.03, 1.53 and 10.5 kg for the fetus, uterus, placenta and fetal fluids. The
weights of these tissues as a percentage of estimated weight at birth are shown in
various days of gestation in Figure Phese data indicate that placental development
precedes the development of the uterus, which in turn precedes the development of the
fetus. These results support the information presented previously by some authors
(Dawes, 1968Ferrell et al., 1976a), that fetal development is dependent on a previous
development of the uterus and placenta, which are required to supply nutrients for
developing fetus.

Fetus weight. The fresh weight of fetuses from HIGH-fed cows was gre&er (

0.10) than those from LOW-fed cows only at 269 d of gestat®n= (0.01 for
interaction nutrition x gestation, Table 9). The average weights of fetus in the current

experiment were [this study vs Ferrell et al., 1976a (proportion %)] 1.50 vs 1.67 (90%),
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6.33 vs 7.45 (85%), 19.9 vs 21.2 (94%) and 27.1 vs 33.6 (81%) for cows with 136, 189,
239 and 269 d of gestation. The average fetal weight estimated at parturition in
percentage of dam weight was 5.1% in HIGH-fed cows and 5.5% in LOW-fed cows,
compared to an average of 7% Bartauruscattle (Robbins and Robbins, 1979). These
values corroborate data from the literature affirming Bhaindicuscattle have calves

with lower birth weight tharB. Tauruscattle (Andersen and Plum, 196%olland and
Odde, 1992). It should be noted also that the variation in the ratio of weights indicates
that there is a difference in the rate of fetal development bet®e@mdicusand B.
tauruscattle, when data from the current study were compared with data from Ferrell et
al. (1976a).

It can be hypothesize that the lower weight of fetuses from LOW-fed cows at 269
d of gestation is because the lower availability of nutrients for growth and maintenance
of the gravid uterus. The effects of maternal nutrition on calf weight at birth have been
found controversial. Some studies suggested that birth weight is only significantly
affected by the level of maternal nutrition in situations of severe nutritional deficiencies
or excessive amount of energy (Holland and Odde, 1992).

Knowingly gender affects birth weight in cattle with males being about 4-8%
heavier than females (Holland and Odde, 1992). Although in the current study the sex
of fetuses vasnot verified before the slaughter, there was at least one male or female in
each of the two feeding groups in each gestational time evaluated. The effects of sex
and cow initialBW were not significant in the model used to evaluate the fBtad (

0.46 and 0.22 for sex and cow initBW, respectivel) and gravid uterus weighP (=
0.32 and 0.18 for sex and cow initBW, respectively).
Uterus weight. The gravid uterus weight estimated at parturition (9.03 kg, using

pooled equation from Table 7) was average 15.8 times greater than the uterus of non-
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pregnant cows (0.57 kg). In the first two thirds of pregnancy the growing of the uterus
occurs due to hormonal factor that causes increase in uterine muscular hypertrophy. At
the end of gestation the uterus ceases growth due to hormonal factors and starts to grow
by stretching (Assali, 1968).

The weight of empty uterus increase as gestation increase (Table 9 and Figure 2)
but decrease in proportion of the gravid uterus weight (g/kg) indicating that the growth
of this tissue precedes the fetal weight (FigureTée proportional size of the empty
uterus was also slightly greatd? € 0.07) in LOW-fed cows than in HIGH-fed cows
(Table 9.

Placenta weight. The placenta of HIGHed cows was greateP(< 0.01) than the
placenta of LOW-fed cows throughout the gestation (Table 9 and Figure 2). When
evaluated as proportion of the gravid uterus (g/kg) the placenta of HIGH-fed cows was
greater P < 0.10) than the placenta of LOW-fed cows at 139 and 189 d of gestation and
did not differ ¢ > 0.10) at 239 and 269 d of gestation. Two hypothesis can be
considered from this fact. The placenta of LOW-fed cows was more efficient to play its
role and was lower because the need of lower energy expenditure or; the lower placenta
of LOW-fed cows may have produced fetuses with less potential of skeletal muscle
development, that were lower than fetuses from HIGH-fed cows at 269 d of gestation.

The relationship between the placenta and fetal weight observed in the current
study was differentR < 0.01) among the feeding levels and is presented in Figure 5.
Although the placenta of LOW-fed cows was lower, the fetuses from these cows were
not different from fetuses from HIGH-fed cows at 136, 189 and 239 d of gestation. This
is related to the fact that the efficiency of the placenta was different between the feeding

levels.
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The placenta plays a key role in fetal growth (Belkacemi et al., 2010) and its size
is high correlated with the fetal size (Anthony et al., 1986). Limited growth of the
placenta is considered almost universally as the main determinant of intrauterine growth
retardation in mammals (Bassett, 1991). The small placental size results in a reduction
in uterine blood flow to the placenta, so placental transport and delivery of both oxygen
and glucose to the fetus are reduced (Owens et al.;, Ba86ett, 1991). However, in
the study of Owens et al. (1987), in which endometrial caruncles were removed from
sheep (caruncle sheep) before mating, which restricted placental growth in the
subsequent pregnancy, only half the fetuses of caruncle sheep were small or growth
retarded, with the remainder normal in size, even with placental growth restriction.

Fetal fluids weight. The amount of fetal fluids was not affectéd=0.81) by the
feeding level, similarly to that was observed in previous studies with sheep (Rattray et
al., 1974) and cattle (Ferrell et al., 1976a). As the gestational age increases the amount
of fetal fluids increased rapidly at the early gestation, did not have increase between 136
and 189 d of gestation and increased again at 239 and 269 d of gestation, similar to that
observed by Ferrell el al. (1976a) although in that study the increased amount of fetal
fluids ceased between 189 and 237 d of gestation. Unlike the current study, Prior and
Laster (1979) observed linear increase of fetal fluids as the gestation increases. An
exponential model was the best fit to the data in the current study (Table 7) and a

graphical representation is shown in Figure 2.

Fetus development and chemical composition

Fetus body compounds. The difference observed in fetal weight between the

feeding levels at 269 d of gestation was mostly related to the carcass weight of fetuses
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from HIHG-fed cow (Table 10 While the weight of the carcass with hide was 29%
greater, the weights of organs and viscera, head and feet were 16%, 14% and 8%
greater, respectively, in fetuses from HIGH-fed cows compared to fetus from LOW-fed
cows. This suggests that differences in fetal weight caused by the dam feeding level
may occur more pronounced in skeletal muscle and bone development of the fetus.

Recent studies suggest that nutrient deficiency in ruminant animals can cause
reduction of muscle fiber number and muscle mass, and consequently affecting
performance and meat quality of progeny (Du et al., 2010). The fetal stage is crucial for
skeletal muscle development because there is no increase in muscle fibers numbers after
birth (Du et al., 2011).

Fetus organs and viscera. No differences on fresh weight (g) or proportional
weight (g/kg) of heart, lungs, kidneys, liver, spleen, pancreas and gastrointestinal tract
due to feeding level were observdel X 0.10, Table 10 and Table J11All evaluated
fetal organs had their fresh (g) and proportional weight (except gastrointestinal tract)
affected by the gestational age< 0.03, TablelO and Table 1}

All the investigations reviewed by Bassett (1991) seem to indicate that small
placental size limits fetal growth. However, when the effects on the relative growth of
individual tissues and organs were examined, marked differential effects, not simply a
consequence of the allometric nature of growth, are found. In the current study although
LOW-fed cows had lower placentas (Table there were no significant differences in
the organs and viscera between fetuses from cows of the different feeding levels. From
all of fetus body compounds and organs and viscera, the feeding level, and consequently
the weight of placenta, is related only with differences on fetal carcass weight (P = 0.03,

Table 10). When body parts and organs and viscera were presented as proportion of
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fetus weight (Table 11) no differences in the dynamic of individual tissues were found
as function of the feeding level.

The fetal organs and viscera evaluated had some reduction in proportional weight
during pregnancy (except gastrointestinal tract), but the points of decrease or
stabilization varied between organs. The dynamic of the fetal heart, lungs, kidneys,
liver, spleen and pancreas in function of gestational age are presented in Table 12.
Functions were generated based on Eq. [1]. Based on generated functions, the
proportional weights of organs were also presented as proportion oBWtéd)/kg) at
145 and 290 d of gestation (half gestation and at parturition) and compared with the
same proportional weights in a mature cow (Table 12). The day of gestation when the
weight of which organ is equal to 50% of the predicted weight at parturition is also
presented in Table 12. The organs weight and the daily rate of gain of each organ as
percentage of predicted weight at parturition are presented in Figure 6 and Figure 7,
respectively.

Based on this set of information can be noted that the fetal organs had different
growth dynamics as function of gestational age. The kidneys develop faster than other
organs reaching half of its estimated size at birth at 199 d of gestation (Table 12) and a
peak growth rate at around 210 d of gestation (Figuré Zan be assumed that this is
because even in early pregnancy the renal function is already similar to adulthood .

The lung is the organ that has delayed development because is not functional in
the fetus. With birth, the function of gas exchange is transferred from the placenta to the
lungs, and it is probably because this that fetal lung growth rate reaches its peak only
near parturition. Organs with functions of the same group as the liver and pancreas had
similar growth rate curves. The spleen is the only organ that has assessed proportionally

lower weight at birth than in the adult animal (Table 12). The heart is the only of the
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evaluated organs that had a higher proportion in relation to fetal weight at birth than in
mid-pregnancy.

Biometric measures of fetus. Except cranial neck circumference there were no
differences on fetal biometric measures in function of feeding level (Table 13). Fetus
from HIGH-fed cows had greater cranial neck circumference (cm) than fetus from
LOW-fed cows at 269 d of gestation. All the biometric measures increased throughout
the gestation but aa different rate than fetus weight. The biometric measures of
distance showed larger increase than the circumference measures as the pregnancy
increases.

Fetal biometric measures are highly correlated with fetal age and weight. Data
from Lyne (1960) and Ferrell et al. (1976a) suggest linear relationships betweehn day o
gestation and linear measures of fetal size beyond 120 d of gestation. Before 120 d of
gestation curvilinear relationships are suggested (Ferrell et al., 1976a). In the current
study linear equations fit well to the data from linear measures of fetal size. However,
non-linear equations of the type y2ashowed better fit (lower Akaike information
criterion; Akaike, 1974) and were therefore used. Equations to predict the fetal age and
weight from the biometric measures were constructed (Table 14). These equations may
have very useful to predict fetal age and weight using ultrasound. However, these
regressions do not predict fetal ages accurately in early gestation, thus should not be
extrapolated beyond the scope of these data (130 to 272 d of gestation).

Data from the current study was compared to data from previous studies (Lyne,
196Q Ferrell et al., 1976a) to estimate fetus body length (also called as straight crown-
rump). The fetus body length (cm) was 25.6, 31.0, 29.9 and 31.4 cm at 135 d of
gestation and 78.2, 89.9, 76.2 and 90.8 cm at 270 d of gestation using data from Ferrell

et al. (1976aB. taurug, Lyne (1960) forB. taurus Lyne (1960) forB. taurusx B.
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indicus and the current studyB( indicug, respectively. Based on these results Nellore
fetuses seems to have equal or greater body lengtrBthurusfetuses at the same
fetal age even with lower weight.

Fetus chemical composition. Fetus from HIGH-fed cows had more water (g) than
fetus from LOW-fed cows at 269 d of gestation (Table 15). No significant effects of
feeding level were observed on fetal amounts of N, fat, ash and energy. The greater
amount of water in fetus from HIGH-fed cows at 269 d of gestation seems to be related
with the hypothesis that the fetuses from HIGH-fed cows were greater at 269 d of
gestation by having greater development of skeletal muscle. Although not significant
the amount of N in fetuses of HIGH-fed cows was 14% greater than in fetuses from
LOW-fed cows at 269 d of gestation. The non-significance of feeding level for the
energy contenty = 0.61) indicates that although some differences were observed in the
size of fetuses between feeding levels, there are no differences in nutrient reqsirement
for fetal growth in cows fed with different levels of feeding.

When evaluated as proportion of fetus weight (g/kg) the interaction between
feeding level and gestational age was significant for the contents of N, ash, water and
energy. Fetus from LOW-fed cows had greater proportion of N and energy at 269 d of
gestation and ash at 239 and 269 d of gestation than HIGH-fed cows (Table 15). Fetuses
from HIGH-fed cows had lower proportion of water at 189 d of gestation and greater
proportion of water at 239 and 269 d of gestation than fetuses from LOW-fed cows.
These results seem agree with the hypothesis of greater amount of skeletal leam tissue
fetuses from HIGH-fed cows.

Fetuses from cows of the current study showed lower concentrations of N and
energy than fetuses from study of Ferrell et al. (1976a). The proportions of N (g/kg)

were 10.9 and 12.2 (current studyFerrell’s study) at 136 and 21.1 and 26.1 at 269 d
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of gestation. The proportions of energy (Mcal/kg) were 0.42 and 0.55 (currentvstudy

Ferrell’s study) at 136 and 0.91 and 1.34 at 269 d of gestation.
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Table 1. Ingredients and chemical composition of the diet

ltem Silage Concentrate Diet

Ingredient , % of DM

Corn Silage 100.0 - 84.3
Ground corn - 54.6 8.5
Soybean meal - 33.0 5.1
Urea - 7.3 1.2
Sodium chloride - 2.1 0.37
Ammonium sulfate - 1.5 0.25
Dicalcium phosphate - 1.3 0.23
Microminerals mixture - 0.17 0.028

Analyzed compositioh %

DM 28.0 89.2 37.6
oM 94.7 92.8 94.4
CP 7.8 44.1 13.5
EE 2.9 2.5 2.8
NDFap 45.8 8.2 39.9
iNDF 20.8 0.65 17.6
NDIN 38.2 7.0 11.4
NFC 38.2 53.0 40.6
TDN - - 66.6
GE (Mcal/kg) 3.82 3.49 3.77

1Zinc sulfate (56.3 %), manganese sulfate (26.2 %), copper sulfatedg),6p®tassium iodate (0.37 %), cobalt sulfate (0.23 %) and sodium selerité«0.1
2NDFap = neutral detergent fiber corrected to ash and protein, iINDF = indigestible neutra¢dietidey and NFC = non fibrous carbohydrates.
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Table 2. Body change, daily gain and body condition score of pregnant and non-piegii@et cows in function of days of gestation and

feeding level
Day of gestation Feeding levél P-valué
ltem’ Empty 136 189 239 269 High Low
(n=12) (n=8) (n =8) (n =8) (n =8) (n=21) (n=23 - Day Flxday

iBW™, kg 449+20  463+24 434 + 24 464 +24 437+ 24 450+15 449+15 0.96 0.84 0.81
iISBW™, kg 435+20  454+24 422 + 24 448 +24 423+ 24 436+15 437+14 0.98 0.83 0.1
fSBW", kg 497 +20 508 +26 494 + 26 555+26 551 + 26 563+16 480+16 <0.01 0.25 0.39
fSBW, kg 501 + 7 492 +9 509 + 9 545 + 9 565 + 9 564+6  481+5 <0.01 <0.01 0.08

High 535°+11 515°+13 55£+13  591'+13  62F+13 - - - - -

Low 467+10 468°+13  464+13  498°+13 506+ 13 - - - - -
rfSBW, kg 501 + 7 484 +9 495 + 9 509+ 9 518 +9 543+5  460+5  <0.01 <0.01 0.07

High 535°+11 508+12 540 +12 5589+12 57F+12 - - - - -

Low 467 +10 45F+12  45(R+12  461P+12 464 +12 - - - - -
SBG, kg/day 0.54+0.05 0.62+0.06 0.48+0.06 0.59+0.06 0.58+0.06 0.86+0.04 0.26+0.04 <0.01 0.60 0.98
rSBG, kg/day 0.54 +0.05 0.53°+0.06 0.38+0.06 0.40°+0.06 0.37+0.06 0.73+0.04 0.15+0.04 <0.01 0.07 0.95
iBCS™ 44+03 46+04 4.4+0.4 46+04 43+04 47+02 42+02 0.09 094 031
fBCS 55°+0.2 53+02 58°+02 6.2+02 6.3+0.2 65+0.2 51+02 <0.01<0.01 0.55
BCSG 0.88+0.11 0.88+0.13 0.88+0.13 0.95+0.13 0.81+0.13 1.40+0.08 0.36+0.08 <0.01 0.96 0.98

aDithin a variable, means differ (P < 0.10)
"Without use of covariable

LiBW = initial BW, iSBW = initial shrunkBW, fSBW = final shrunkBW, SBG = shrunk body gain, rSBG = real shrunk body gain (distmutite gain related to pregnancy),
iBCS = initial body condition score (1 to 9 scale), fBCS = final bamhydiion score, BCSG body condition score gain (points of BCS per each 100 days efiment)

High = HIGH-fed cows (16.0 + 2.0 g of DM/kg of SBW) and Lew.OW-fed cows (10.8 + 1.5 g of DM/kg of SBW).
®Probability values for effects of feeding level (FL), day of gestgfiay), and their interaction (FL x Day). Initial variables were not tested.
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Table 3.Chemical composition of cow’s body

Day of gestation Feeding level P-valué
ltem Empty 136 189 239 269 High Low
n=12)  (n=8) (n=8) n=8)  (n=8) (n=21) (=23 - Dbay FlLxday
Total body
N, kg 11.6+02 11.#+03 11.6+03 123+03 126 +0.3 12.7+0.2 10.9+0.2 <0.01 <0.01 0.61
Fat, kg 115 + 4 108 + 5 116 + 5 125+5 135+5 137+3 103+3 <0.01 <0.01 0.03
High 135 + 7 1P + 7 133+ 7 146°+7  159'+7 - - - - -
Low 9+ 6 106+ 7 99 + 7 104°+7 110 +7 - - - - -
Ash, kg 19.1+0.7 19.0+0.9 19.7+09 194+09 198+09 20.0+05 188+05 0.11 0.95 0.36
Water, kg 24F + 4 242+ 5 248+ 5 274 +5 287 +5 275+3 243+3 <0.01 <0.01 0.38
Energy, Mcal 1,439+42 1,351+52 1479+52 1574+52 1678+52 1,695+31 1,313+31 <0.01 <0.01 0.03
High 1,656+65 1,394+73 1,66F+73 1,810°+73 1,946 +73 - - - - -
Low 1,22F+55 1,307°+73 1,29F°+73 1,338°+73 1,410 + 73 - - - - -
Non-pregnant body (EBW
N, kg 116+0.2 11.1+03 11.4+03 11.7+03 118+0.3 124+0.2 106+0.2 <0.01 0.27 0.62
Fat, kg 115+ 4 108 + 5 116 +5 124 +5 134 +5 136 +3 102+3 <0.01 0.01 0.03
High 135+ 7 1100+ 7 133 +7 1459+ 7 158+ 7 - - - - -
Low 94+ 6 106°+ 7 9P+ 7 104°+7  109°+7 - - - - -
Ash, kg 19.1+0.7 19.0+0.9 194+09 186+09 186+09 19.6+0.5 183+05 0.10 0.95 0.34
Water, kg 243 + 4 234 +5 234 +5 243 +5 248 + 5 266+3 225+3 <0.01 0.23 0.55
Energy, Mcal 1,439+42 1,348+52 1472+52 1552+52 1646+52 1682+31 1301+31 <0.01 <0.01 0.03
High 1,656 +65 1,392+73 1,660+73 1,788°+73 1,912 +73 - - - - -
Low 1,22P+55 1,304°+73 1,284°+73 1,315°+73 1,379+ 73 - - - - -
Uterus
N, kg 0.016'+0.02 0.07P+0.02 0.18+0.02 0.56'+0.02 0.79+0.02 0.33+0.010.32+0.01 0.43 <0.01 0.19
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Fat, kg 0.017 £0.03 0.053 +0.04 0.18+0.04 0.72+0.04 1.01+0.04 0.40+0.020.39+0.02 0.53 <0.01 0.07
High 0.023+0.05 0.047+0.05 0.18 +0.05 0.66 +0.05 1.11°+0.05 - - - - -
Low 0.01F+0.04 0.058+0.05 0.18+0.05 0.77+0.05 0.91° + 0.05 - - - - -

Ash, kg 0.006'+0.03 0.085'+0.04 0.22+0.04 0.77+0.04 1.17+0.04 0.44+0.030.46+0.03 0.70 <0.01 0.66

Water, kg 052+0.98 8.09+12 134+12 305+1.2 395+1.2 188+0.7 18.0 £0.7 0.41 <0.01 0.02
High 0.78+151 7.27+168 13117 294'+17 43717 - - - - -
Low 0.25'+1.28 890+1.68 13.8+17 31.6°+17 354+17 - - - - -

Energy, Mcal 0.6%+0.74 2.79+090 7.20+090 229+09 32.2+09 134+0.6 128+05 0.47 <0.01 0.35

Total body

N, g/kg 255+0.3 251+03 251+0.3 246+03 239+03 247+0.2 250+0.2 0.27 0.01 0.04
High 248°+0.4 257°+05 249°+05 2453+05 23.4+05 - - - - -
Low 26.1"+0.4 24.4°+05 252°+05 24.7°+05 245°+05 - - - - -

Fat, g/kg 247 + 8 241 + 10 249+10  244+10 25310 262+6 231+6 <0.01 092 0.17

Ash, g/kg 423+17 427+21 433+21 387+21 37.8+21 391+13 428+13 0.05 023 0.20

Water, g/kg 536 + 7 546 + 8 538+ 8 551 + 8 547 + 8 532+5 555+5 <0.01 058 0.44

Energy, Mcal/lkg 3.11+0.07 3.02+0.08 3.18+0.08 3.10+0.08 3.16 +0.80 3.26+0.052.97+0.05 <0.01 0.68 0.15

Non-pregnant body (EBW

N, g/kg 255+0.3 254+04 254+04 253+04 246+04 250+0.2 254+0.2 0.18 0.38 0.07
High 24.8°+0.4 26.0+05 252°°+05 25.17°°+05 24.00+0.5 - - - - -
Low 26.°+0.4 247°+05 257°+05 254°+05 25.2°+0.5 - - - - -

Fat, g/kg 247 + 8 245 + 10 256+10 261+10 275+10 272+6 242+6 <0.01 0.19 0.17

Ash, g/kg 423+1.7 433+22 442+22 400+22 391+22 399+14 43.7+14 0.05 042 0.23

Water, g/kg 536 + 7 537 +8 525+ 8 527 +8 518+8 517+5 539+5 <0.01 042 0.41

Energy, Mcal/kg 3.1°+0.07 3.07+0.08 3.27°°+0.08 3.27°+0.08 3.4 +0.08 3.37 +0.053.08+0.05 <0.01 0.04 0.15

Uterus
N, g/kg 256'+05 8.11P+0.6 12.2+06 154+06 16.9+06 158+0.4 156+0.4 0.73 <0.01 0.58
Fat, g/kg 27.9+1.7 6.06+20 11.9+20 200+20 21.5+20 17.7+12 172+12 0.79 <0.01 0.92
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Ash, g/kg 8.43+0.49 9.89+059 148+06 215+06 250+0.6 156+0.4 163+0.4 0.18 <0.01 0.01
High 8.84°+0.75 10.0+0.8 154+0.8 20.7+08 23.0+0.8 - - - - -
Low 8.03+0.63 9.78°+0.8 14.1°+0.8 22.3°+0.8 27.1+0.8 - - - - -

Water, g/kg 799 + 4 928 +5 889 +5 854 +5 839 +5 860+3 863+3 0.53 <0.01 0.40

0.64 <0.01 0.48

Energy, Mcal/kg 0.98'+0.02 0.3%+0.02 0.48+0.02 0.64+0.02 0.6 +0.02 0.63+0.010.62+0.01

#\ithin a variable, means differ (P < 0.10)
'High = HIGH-fed cows (16.0 + 2.0 g of DM/kg of SBW) and Lew.OW-fed cows (10.8 + 1.5 g of DM/kg of SBW).

%Probability values for effects of feeding level (FL), day of gestdfimy), and their interaction (FL x Day).
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Table 4. Chemical composition of empty body gain of pregnant and non-pregnant Nellore cows

Day of gestation Feeding level P-valué
ltem Empty 0-136 0-189 0-239 0 - 269 High Low
n=12)  (n=8) (n=8) (n = 8) (n = 8) (n=21) (n=23 L DayFlLxday
Total gain
N, kg 1.17+0.18 0.77+0.21 1.02+0.21 1.23+0.21 1.21+0.21 2.01+0.13 0.16+0.13 <0.01 0.51 0.09
High 1.61°+0.27 1.74+0.30 2.10+0.30 2.30F+0.30 2.29+0.30 - - - - -
Low 0.73+0.23 -0.200+0.30 -0.04+0.30 0.17°+0.30 0.14°+0.30 - - - - -
Fat, kg 339+54 253+65 332+65 41.2+65 53.7+65 51.8+40 231+39 <0.010.04 0.02
High 58.7°+8.3 20.6°+9.2 4879°+92 584°+x92 729+9.2 - - - - -
Low 8.94+7.0 29.9°+92 18.2°+9.2 24.1°+9.2 345°+9.2 - - - - -
Ash, kg 0.98+0.44 0.92+0.53 0.99+0.53 0.88+0.53 0.70+0.53 1.88+0.34-0.091+0.33 <0.01 0.99 0.02
High 0.64°°+0.67 2.68'+0.76 1.74°+0.76 2.03°+0.76 2.37%+0.76 - - - - -
Low 1.31°°°+ 0.57 -0.85'+ 0.76 0.25°+0.76 -0.26°+0.76 -0.92+0.76 - - - - -
Water, kg 18.9+3.9 11.4+47 131+47 211+47 236+47 355+29 -0.26+2.82 <0.010.31 0.07
High 26.2+59 29.8+6.6 34.8°+6.6 40.2°+6.6 46.7+6.6 - - - - -
Low 11.7+5.0 -7.00'+6.62 -8.54+6.62 2.00°+6.6 0.50°+6.6 - - - - -
Energy, Mcal 409 + 50 319+61 416 +61 483 + 61 583 + 61 602+37 282+37 <0.01 0.05 0.08
High 635°+77 331"+86 566°+86 675°+86 804 +86 - - - - -
Low 184+65 307™+86 266°+86 291+86 362°+86 - - - - -
Daily gain
N, g 10.3+1.3 9.00+152 6.82+152 6.71+152 551+152 144+09 089+092 <0.010.13 0.01
High 143+1.9 203+21 14F+21 126+21 10.7°%21 - - - - -
Low 6.22+1.62 -2.3%+2.15 -0.67+2.15 0.80+2.15 0.36'+2.15 - - - - -
Fat, g 274 + 41 265+50 222 +50 223 +50 245 + 50 344+31 148+30 <0.01 0.90 0.01
High 492 +63 242“+71 326'+71 319°+71  34F°x71 - - - - -
Low 55°+53  288“+71 119°+71 127+ 71 149+ 71 - - - - -
Ash, g 10.3+4.1 11.6+49 7.89+491 479+491 339+491 148+30 043+297 <0.010.70 0.02




8.04°+6.21 32.1°+6.9 11.7°+6.9 11.1°°+6.9 10.9°+6.9
-8937+6.9 4.07°°+6.9 -1.55°°+6.9 -4.15°+6.9 - - - -
107 + 36 251 +22 -7.75+21.76 <0.01 0.47 0.04

High
Low 12.6+5.2
Water, g 165 + 30 138 + 36 83+ 36 115 + 36
High 231°+46  350'+51 236°+51 2200 +51 217 £51 -
Low 9+38 -74.7+51 -70.7+51 9.9™+51 -2.09°+51 - - - -
Energy, Mcal 3.48+0.35 3.42+0.43 2.89+043 261+043 267+043 4.13+0.27 1.89+0.26 <0.01 0.40 0.11
High 546'+054 3.8F+0.61 3.83+061 3.6F+061 3.78+0.61 - - - - -
1.50+0.46 2.94°+0.61 1.94°+0.61 1.53°+0.61 1.55°+0.61 - - - - -
#4Within a variable, means differ (P < 0.10)

Low
"High = HIGH-fed cows (16.0 + 2.0 g of DM/kg of SBW) and Lew.OW-fed cows (10.8 + 1.5 g of DM/kg of SBW).
%Probability values for effects of feeding level (FL), day of gestdfimy), and their interaction (FL x Day).



Table 5 Body parts, organs and viscera and gastrointestinal parts of pregnant and non-pregnianiucatisn of days of gestation and feeding
level, presented as fresh weights

Day of gestation Feeding levél P-valué
ltem* Empty 136 189 239 269 High Low
(n=12) (n =8) (n =8) (n =8) (n =8) (n=21) (=23 - Day FLxday
Cows body parts, kg
Carcass 303°+6 290 + 7 29°+7  316°x7  32F+7 329+4 282+4 <0.01 0.01 0.12
Non-carcass 148 + 3 142 + 3 147 + 3 145 + 3 152 +3 161+2 132+2 <0.01 0.20 0.63
Head 135+0.3 13.3+0.3 135+0.3 134+03 13.8+0.3 138+0.2 13.2+0.2 0.07 0.87 0.59
Feet 857+0.24 873+0.29 868+0.29 9.11+0.29 9.13+0.29 9.31+0.168.37 +0.1¢ <0.01 0.49 0.70
Hide 40.3+10 365+13 399+13 383+13 40.1+13 409+0.8 37.1+0.8 <0.01 0.16 0.77
Blood 16.7°+05 17.4°+05 156+05 16.2°+05 17.7+05 18.0+0.3 154+0.3 <0.01 0.06 0.94
Organs and viscel 69.1+2.0 65.6+24 68.9+24 683+24 714+24 792+15 581+14 <0.01 054 0.46
Uterus 064+114 871+138 151+14 358+14 47.0+14 21.9+0.9 21.0+0.8 0.41 <0.01 0.03
High 095+175 7.87+1.94 148+19 345+19 51.7+19 - - - - -
Low 03£+1.47 958£+194 155+1.9 37.1°+19 42.£+1.9 - - - - -
Udder 457+0.30 4.28+0.37 4.16+0.37 4.34+0.37 6.02+0.37 5.28+0.224.07 +0.22 <0.01<0.01 0.07
High 5.01° £ 0.47 4.66"°+ 0.52 4.10°°+ 0.52 5.20 + 0.52 7.45'+ 0.52 - - - - -
Low 4.14°°+ 0.40 3.90°+ 0.52 4.22°°+ 0.52 3.49" + 0.52 4.59"°°+ 0.52 - - - - -
Cows organs and viscera, kg
Heart 1.66 +0.05 1.52+0.07 1.56+0.07 1.65+0.07 1.60+0.07 1.63+0.041.57+0.04 0.28 0.47 0.76
Liver 510+ 0.13 4.68+0.15 4.83°+0.15 4.74+0.15 4.47+0.15 5.54+0.0£3.99 + 0.0¢ <0.01 0.03 0.39
Kidneys 0.78+0.03 0.73+0.03 0.77+0.03 0.72+0.03 0.71+0.03 0.81+0.020.67 +0.0z <0.01 0.45 0.56
Lungs 2.28+0.09 211+0.11 236+0.11 2.33+0.11 2.10+0.11 2.37+0.072.10 +0.07 <0.01 0.28 0.48
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Diaphragm
Spleen
Visceral fat
High
Low
Mesentery

2.20 +0.10
0.96 + 0.05
9.46 + 0.62
11.8%+0.95

22.7+14

Gastrointestinal trac 17.0+ 0.4

Rumen-reticulum

Omasum
Abomasum

Small intestine
Large intestine
Total stomach
Total intestine

7.41+0.21
2.19+0.12
1.23 £0.05
3.71+0.16
2.51+0.11
10.8+0.3
6.22+0.24

235+0.13 2.26+0.13 2.47+0.13 2.57 +0.13
0.85+0.06 0.89+0.06 0.95+0.06 0.89 + 0.06
8.20+0.75 9.00+0.75 9.39+0.75 10.7+0.75
8.74°+1.06 11.9°+1.09 13.£+1.06 11.9°+1.06
7.09°+0.80 7.65°°+1.06 6.10'+ 1.06 5.19+ 1.06 9.58°+ 1.06

21.5+138
17.1+0.5

23.1+18 222+18 251+1.8
171+05 16.7+0.5 158*0.5

Gastrointestinal tract dissection, kg

7.43+0.26 7.35+0.26
2.37+0.14 235+0.14
1.11+0.06 1.10+0.06
3.78+0.20 3.97+0.20
243 +0.13 2.38+0.13
109+03 10.8%0.3
6.21+0.29 6.34+0.29

7.08 +0.26
2.17+0.14
1.14 £ 0.06
3.98 +0.20
2.34+0.13
104 +0.3
6.32 +£0.29

6.95+0.26
1.97+0.14
1.14 £ 0.06
3.50+0.20
2.25+0.13
10.1+0.3
5.75+0.29

2.67 £0.0€2.07 + 0.0¢
1.02 +0.040.80 £ 0.04
11.6 £0.4€7.12 £ 0.4¢

281+11 17.7+1.1
18.1+0.3 15.4+0.3

7.86 +£0.1€6.63 + 0.1¢
2.47 +£0.0€1.95 + 0.0¢
1.24 + 0.041.05 + 0.04
4.01 +0.123.57 £ 0.1z
2.50 £0.0€2.26 £ 0.0¢
11.6 £ 0.209.62 + 0.2(C
6.51 £0.1€5.82 £ 0.17

<0.01
<0.01
<0.01

<0.01
<0.01

<0.01
<0.01
<0.01
0.01
0.03
<0.01
<0.01

0.21
0.66
0.23

0.65
0.29

0.56
0.27
0.47
0.39
0.59
0.28
0.59

0.39
0.59
0.01

0.88
0.67

0.73
0.71
0.51
0.62
0.84
0.52
0.79

#4Within a variable, means differ (P < 0.10)
!Non-carcass = head + feet + hide + blood, total stomach = rumen-reticorastm + abomasum and total intestine = small intestine + large intestine.
High = HIGH-fed cows (16.0 + 2.0 g of DM/kg of SBW) and Lew.OW-fed cows (10.8 + 1.5 g of DM/kg of SBW).
®Probability values for effects of feeding level (FL), day of gestdfimy), and their interaction (FL x Day).
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Table 6 Body parts, organs and viscera and gastrointestinal parts of pregnant and non-pregnarnfuocatsnrof days of gestation and feeding
level, presented as proportion of non-pregnant efy(EBW,)

Day of gestation Feeding levél P-valué
ltem* Empty 136 189 239 269 High Low
(h=12)  (n=8) (n=8) (n =8) (n =8) (n=21) (n=23) - Day FlLxday
Cows body parts, g/kg of EBW
Carcass 663 +5 664 + 6 662 + 6 677 +6 670+ 6 663+4 671+4 0.11 035 0.61
Non-carcass 326+5 325+6 327+6 313+6 317 +6 325+4 318+4 0.17 0.33 0.61
Head 29.8+0.6 30.7+0.8 304+08 29.4+0.8 29.0+0.8 27.9+05 31.9+05 <0.01 049 0.79
Feet 19.0+0.6 20.2+0.7 196+0.7 19.8+0.7 19.2+0.7 189+0.4 20.2+04 0.03 0.73 0.27
Hide 89.8+24 839+29 896+29 828+29 837+29 828+18 89.1+1.8 001 021 0.55
Blood 37.00+1.1 401 +14 34F+14 353+14 37.0°+14 36.4+08 374+0.8 0.40 007 0.87
Organs and viscer 150 + 4 150 + 4 153 + 4 145 + 4 148 + 4 159+3 139+3 <0.01 0.79 0.63
Udder 10.0'+0.60 9.8%+0.72 9.39+0.72 9.26+0.72 12.4+0.72 10.6+0.459.71+0.44 0.14 0.03 0.14
Cows organs and viscegtkg of EBW,
Heart 3.65+0.13 3.55+0.16 3.50+0.16 3.61+0.16 3.38+0.16 3.30+0.1C3.78+0.0¢ <0.01 0.72 0.46
Liver 11.7+0.2 10.8°+0.3 10.7°+0.3 10.°+0.3 9.18+0.3 11.2+0.179.59+0.17 <0.01 <0.01 0.25
Kidneys 1.72+0.06 1.66+0.08 1.73+0.08 1.57+0.08 1.48+0.08 1.64+0.041.63+0.04 0.85 0.10 0.44
Lungs 499+0.22 4.88+0.27 534+0.27 505+0.27 4.40+0.27 4.80+0.1€5.06 +0.1€ 0.25 0.17 0.45
Diaphragm 478+0.20 5.41+0.25 5.06+0.25 528+0.25 526+0.25 536+0.154.96+0.1€ 0.07 0.35 0.41
Spleen 214+0.11 1.95+0.14 1.98+0.14 2.08+0.14 1.81+0.14 2.05+0.0¢1.93+0.0¢ 0.30 0.43 0.61
Visceral fat 201+14 184+16 196+16 192+16 222+16 232+10 16.7+1.0 <0.01 058 0.02
High 23.9°+21 19.1°9+23 245°+23 26.F+23 22.1%+23 - - - - -
Low 16.3°+1.7 17.8°+2.3 14.8°+23 12.2+23 22.7%+23 - - - - -
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Mesentery 486+28 486+34 505+34 466+34 51.1+3.4 559+21 423+21 <0.01 0.89
Gastrointestinal tract 37.9+1.1 39.4+14 38.7+14 363+14 32.8+14 36.8+0.8 37.3+0.8 0.65 0.01

Gastrointestinal tract dissectiagkg of EBW,
Rumen-reticulum 16.3°+0.5 17.1°+0.6 16.5°+0.6 15.3°+0.6 14.4+06 159+0.3 159+0.3 0.94 0.01

Omasum 483 +0.27 540 +0.33 529 +0.33 4.77°+0.33 4.07+0.33 5.02+0.2(4.73+0.2C 0.29 0.05
Abomasum 2.76 +0.13 2.53+0.16 2.46+0.16 2.49+0.16 2.36+0.16 2.51+0.1(2.52+0.1C 0.93 0.31
Small intestine 8.27 +0.43 8.81+0.53 9.04+0.53 8.79+0.53 7.26+0.53 8.21+0.328.66+0.32 0.32 0.14
Large intestine 5.67+0.29 559+0.36 540+0.36 5.14+0.36 4.71+0.36 5.14+0.225.47+0.21 0.29 0.28
Total stomach 23.9°+06 25.0+0.7 24.3°+0.7 22.5°+0.7 20.8+0.7 23.4+04 23.2+04 0.68 <0.01
Total intestine 139+0.6 14.4+0.8 14.4+08 139+0.8 12.0+0.8 13.3+0.5 14.1+05 0.26 0.19

0.94
0.32

0.21
0.55
0.61
0.60
0.73
0.11
0.70

#94ithin a variable, means differ (P < 0.10)

Non-carcass = head + feet + hide + blood, total stomach = rumen-reticdomasum + abomasum and total intestine = small intestine + large intestine.
High = HIGH-fed cows (16.0 + 2.0 g of DM/kg of SBW) and Lew. OW-fed cows (10.8 + 1.5 g of DM/kg of SBW).

3Probability values for effects of feeding level (FL), day of gestdfimy), and their interaction (FL x Day).
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Table 7. Statistics describing relationships between gravid uterus components and days of gestation (t)

Function Parameter Residual 2 palue
A+ SE B+ SE C+SE Sum of squares df

Gravid uterus = A&~
HIGH-fed cows 0.3633 +£0.76 0.02325 +0.02 0.00001798 += 0.00004 327 13 2.2 0.10
LOW-fed cows 0.0636 £ 0.14 0.04376 £ 0.02 0.00007287 + 0.00004 397 13
Pooled 0.1475 +0.24 0.03387 £ 0.01 0.00004639 + 0.00003 911 29

Fetus = A& CW
HIGH-fed cows 0.0003202 £ 0.0009 0.07573 £ 0.02 0.0001234 + 0.0005 56.2 13 3.2 0.04
LOW-fed cows 0.0000225 + 0.0001 0.10225 + 0.03 0.0001880 + 0.0006 90.2 13
Pooled 0.0000720 £ 0.0002 0.09040 + 0.02 0.0001587 + 0.0005 200.3 29

Uterus = A& W
HIGH-fed cows 0.2136 £ 0.46 0.01375+0.02 0.00000028 + 0.00004 14.4 13 1.5 0.24
LOW-fed cows 0.0149 + 0.04 0.04454 + 0.02 0.00007979 + 0.00005 23.7 13
Pooled 0.0585 +0.10 0.02910+£0.01 0.00004043 + 0.00004 44 .5 29

Placenta = A~
HIGH-fed cows 0.05511 +0.08 0.02123 +0.01 0.00003229 + 0.00003 0.67 13 4.1 0.01
LOW-fed cows 0.01729 £ 0.02 0.02947 £ 0.01 0.00004993 + 0.00003 0.29 13
Pooled 0.03279 £ 0.04 0.02493 +0.01 0.00004032 + 0.00003 1.41 29

Fetal fluids = A&Y
HIGH-fed cows 0.673+0.3 0.01033 £ 0.002 - 52.2 14 2.7 0.08
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LOW-fed cows 2.406 +0.7 0.00482 + 0.001 - 37.6 14
Pooled 1.389+0.4 0.00723 + 0.001 - 106.8 30

®F-ratio test the hypothesis that the feeding level functions are equivaierdR-vRlue provide evidence that a common function is inappropriate and thatehéie
between gravid uterus components differ between feeding levels.
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Table 8. Udder chemical compositionpregnant and non-pregnant coagfunction of days of gestation and feeding level

Day of gestation Feeding level P-valué
ltenT Empty 136 189 239 269 High Low
(n=12) (n =8) (n=8) (n=8) (n=8) (n=21) (n=23) - Day Flxday
Fresh weigHt kg 457+0.30 4.28+0.37 4.16+0.37 434+037 6.02+0.37 528+0.22 4.07+0.22 <0.01<0.01 0.07
High 5.0°+0.47 4.66°+0.52 4.10°+0.52 5.20+0.52 7.45'+0.52 - - - - -
Low 414+ 0.40 3.90°+0.52 4.22°+0.52 3.49+0.52 4.59°+0.52 - - - - -
Dry matter, kg 409+030 3.72+0.36 3.32+0.36 3.38+0.36 4.07+0.36 4.29+0.22 3.14+0.22 <0.01 0.35 0.03
High 4.43°+0.46 4.00°+0.51 3.19°+051 4.40%°+0.51 5.46+0.51 - - - - -
Low 3.76°°£0.38 3.45°°9+ 0,51 3.45°9+051 2.37+051 2.69°+0.51 - - - - -
N, kg 0.078 + 0.006 0.085 + 0.007 0.082 + 0.007 0.090 + 0.007 0.135 + 0.007 0.103 + 0.0020.085 + 0.00: <0.01<0.01 0.03
High 0.078"+ 0.009 0.096*°+ 0.01 0.08G°+0.01 0.098°+0.01 0.163'+0.01 - - - - -
Low 0.078°+0.008 0.073+0.01 0.083"+0.01 0.08%°+0.01 0.108 + 0.01 - - - - -
Fat, kg 338+0.26 3.00+031 265+031 256+0.31 293+031 3.37+0.19 243+0.19 <0.01 0.27 0.03
High 3.72°+0.39 3.19%+0.44 247*°+0.44 3.4Z7%°+0.44 4.07+0.44 - - - - -
Low 3.039+0.33 2819+ 0.44 2.8%°+044 1.70+0.44 1.8T°+0.44 - - - - -
Ash, kg 0.022 + 0.003 0.023"+ 0.003 0.023"+ 0.003 0.029 + 0.003 0.04Z + 0.003 0.031 + 0.00:0.025 + 0.00: 0.02 <0.01 0.23
Water, kg 0.46+0.10 0.66°+0.12 0.73°+0.12 1.0Z2+0.12 1.86'+0.12 0.98+0.07 0.92+0.07 0.57 <0.01 0.52
Energy, Mcal 346+25 30.5+3.1 28.0+3.1 274+31 322+31 352+19 259+1.8 <0.01 0.35 0.02
High 37.7°+3.9 3239+43 26.7°+43 358%+43 43.9+43 - - - - -
Low 31.49+3.3 28.79+43 298“+43 19.0+43 205°+4.3 - - - - -
Dry matter, gkg 895 + 17 841 + 21 813+ 21 748 + 21 677 + 21 820 +13 769+13 <0.01<0.01 0.02
High 907 + 26 837+ 29 8029+ 29 821%°+29  736°+29 - - - - -
Low 883 + 22 845™ + 29 823"+ 29 675" + 29 618 + 29 - - - - -
N, g/kg 17.5+09 195°+1.2 202+12 21.1°%x12 234+12 196074 21.1+0.72 0.15 001 0.44
Fat, gkg 736 +21 676 + 26 644 + 26 559 + 26 485 + 26 647 + 16 593+16  0.02 <0.01 0.03
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High 762 + 32 664% + 36 621 + 36 634%+36  554°+ 36 - - - - -

Low 709" + 27 687"+ 36 668°'+36 484"+ 36 418 + 36 - - - - -
Ash, g/kg 476+034 528°+041 566°+041 6579+041 7.127+041 569+0.25 6.06+0.25 0.29 <0.01 0.77
Water, gkg 105 + 17 159 + 21 187 + 21 252 +21 323+21 180 + 13 231+13 <0.01<0.01 0.02

High 93"+ 26 163°+ 29 1989+ 29 179°+29 264+ 29 - - - - -

Low 117°+ 22 155"+ 29 177°+ 29 325"+ 29 387 + 29 - - - - -
Energy, Mcakg 755+0.20 6.90+0.24 6.79+0.24 6.04+024 535+024 6.74+0.15 6.31+0.14 0.04 <0.01 0.03

High 7.75+0.30 6.76%°+0.34 6.557+0.34 6.66°+0.34 5.98°+0.34 - - - - -

Low 7.35'+0.26 7.03°+0.34 7.02+0.34 547°+0.34 4.72+0.34 - - - - -

#\ithin a variable, means differ (P < 0.10)

'FW = udder fresh weight

High = HIGH-fed cows (16.0 + 2.0 g of DM/kg of SBW) and Lew. OW-fed cows (10.8 + 1.5 g of DM/kg of SBW).
3Probability values for effects of feeding level (FL), day of gestdfimy), and their interaction (FL x Day).

“The values of fresh weight and its interaction are the same presented in Table 5.
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Table 9. Development of gravid uterus composanfunction of days of gestation and feeding level in pregnant Nellore cows

ltem Day of gestation sgm _Feeding level SEM P-valué
136 189 239 269 High  Low FL Day FL x day
Fetus, kg 1.50 6.33 19.9 271 093 143 13.0 0.66 0.17 <0.01 0.01
High 1.45 6.47 19.6  29.7 1.12 - - - - - -
Low 1.55 6.19 20.0 244 112 - - - - - -
Fetus, g/kg of GU 172 437° 555° 57 14 444 423 9 0.15 <0.01 0.73
High 180 447 573 577 19 - - - - - -
Low 162 414 539 581 19 - - - - - -
Uterus, kg 2.35" 3.36" 6969 836 040 516 536 028 0.61 <0.01 0.12
High 2.11 3.18 6.28 9.06 0.56 - - - - - -
Low 2.61 3.54 7.65 7.65  0.56 - - - - - -
Uterus, g/kg of GU 263 227 193 178 7 208 221 5 0.07 <0.01 0.77
High 260 219 181 174 10 - - - - - -
Low 265 234 204 182 10 - - - - - -
Placenta, kg 0.47 0.84 1.27 145 006 1.12 090 0.04 <001 <0.01 0.18
High 0.51 1.03 1.31 1.65  0.09 - - - - - -
Low 0.44 0.66 1.22 1.26  0.09 - - - - - -
Placenta, g/kg of GU 54.4 57.1 35.9 31.0 2.4 50.5 38.7 1.7 <0.01 <0.01 0.01
High 62.7 69.3 39.* 314 35 - - - - - -
Low 46.7 45.0° 32.7° 3058 35 - - - - - -
Fetal fluids, kg 461 4.38 779 998 058 661 675 041 081 <0.01 0.06
High 4.0G° 3.8 7.3 11.3 0.82 - - - - - -
Low 5.22°9 497 g8.26% 8.62° 0.82 - - - - - -
Fetal fluids, g/kg of GU 512 285’ 216 217 14 296 316 10 0.17 <0.01 0.55
High 497 262 208 217 20 - - - - - -
Low 526 308 223 207 20 - - - - - -

#4Within a variable, means differ (P < 0.10)
"High = HIGH-fed cows (16.0 + 2.0 g of DM/kg of SBW) and Lew. OW-fed cows (10.8 + 1.5 g of DM/kg of SBW).
Probability values for effects of feeding level (FL), day of gestday), and their interaction (FL x Day).
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Table 10. Development of fetus body compounds and organs and viscera in function of day of gestation and feeding level in pregnant Nellore
cows, presented as fresh weight

Day of gestation Feeding level P-valué
ftem 136 189 239 269 °M “High  Low  °™™ TFL  Day FLxday
Fetus body compounds, g

Head 242 803 1,891 2,377 49 1,362 1,294 35 0.18 <0.01 0.05
High 240 789 1,880 2,537 69 - - - - - -
Low 248 816 1,902 2,217 69 - - - - - -

Feet 61.00 348 1,519 1,846 74 962 925 52 0.62 <0.01 0.85
High 60.2 352 1516 1920 105 - - - - - -
Low 61.8 344 1522 1771 105 - - - - - -

Carcass 829 3,659 12,560 17,048 478 9,052 7,996 338 0.03 <0.01 <0.01
High 805 3,81F 12,380 19,21f 676 - - - - - -
Low 854 3,507 12,739 14884 676 - - - - - -

Organs and viscera 174 646’ 1,887 2,623 82 1,378 1,286 58 0.27 <0.01 0.23
High 169 634 1889 2821 117 - - - - - -
Low 179 658 1884 2424 117 - - - - - -

Fetus organs and viscera, g

Heart 11.7 37.2 129 166° 6.6 89.4 82.6 47 031 <0.01 0.57
High 115  38.0 131 177 9.4 - - - - - -
Low 120 36.4 128 154 9.4 - - - - - -

Lungs 38.6¢8 137 365 567" 18.1 290 264 13 0.16 <0.01 0.68
High 37.9 145 382 596 25.7 - - - - - -
Low 39.4 130 347 538 25.7 - - - - - -

Kidneys 18.2 63.7 151° 167 9.2 107 93.1 6.5 0.14 <0.01 0.13
High 184 575 160 191 13.0 - - - - - -
Low 18.0 69.8 142 143 13.0 - - - - - -

Liver 50.% 170 421° 544 26 310 283 19 0.30 <0.01 0.21
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High 489 163 421 608 37 - - - - - -
Low 51.4 178 421 481 37 - - - - - -
Spleen 3.100 14.% 35.6° 46.0" 2.1 26.5 23.0 15 0.10 <0.01 0.52
High 288 15.6 37.7 50.0 2.9 - - - - - -
Low 331 134 335 42.0 2.9 - - - - - -
Pancreas 0.8 277 7.68 10.6" 0.47 5.70 522 0.33 0.32 <0.01 0.32
High 0.89 2.75 7.56 11.6 0.67 - - - - - -
Low 0.82 2.67 7.81 9.57 0.67 - - - - - -
Gastrointestinal tract 40.8 159 51¢F 650 20 333 346 14 051 <0.01 0.53

#4Within a variable, means differ (P < 0.10)

"High = HIGH-fed cows (16.0 + 2.0 g of DM/kg of SBW) and Lew.OW-fed cows (10.8 + 1.5 g of DM/kg of SBW).
%Probability values for effects of feeding level (FL), day of gestdimy), and their interaction (FL x Day).
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Table 11. Development of fetus body compounds and organs and viscera in function of day of gestémutirantevelin pregnant Nellore
cows, presented as proportion of feBW

Day of gestation Feeding level P-valué
ftem 136 189 239 269 ™ THigh  Low oo™ TFL Day FLxday
Fetus body compounds,g/kg of fetus BW

Head 163 129 959  88.5 3.7 118 120 3 054 <0.01  0.29
High 167 123 95.3 86.0 5.3 - - - - - -
Low 159 135 96.5 91.0 5.3 - - - - - -

Feet 40.3 547 759 685 1.8  59.2 60.5 1.3 0.44 <0.01 0.24
High 40.7 54.6 76.7 64.6 2.6 - - - - - -
Low 39.8 54.7 75.2 72.3 2.6 - - - - - -

Carcass 551 576" 630 630 9 603 590 7 0.20 <0.01 0.28
High 551 586 625 648 13 - - - - - -
Low 551 564 635 612 13 - - - - - -

Organs and viscera 116° 102 95.2  96.9"° 2.4 101 104 2 0.22 <0.01 0.52
High 116 98.4 95.5 94.6 3.4 - - - - - -
Low 116 106 95.0 99.4 3.4 - - - - - -

Fetus organs and viscera, g/kg of fetus BW

Heart 7.86’ 586 6.47 6.1 027 6.57 6.61 019 0.89 <0.01  0.87
High 7.88 5.87 6.57 5.95 0.39 - - - - - -
Low 7.84 5.85 6.37 6.36 0.39 - - - - - -

Lungs 25.6° 21.8% 1868 21.P° 1.1 219 21.5 0.8 0.75 <0.01 0.62
High 25.8 22.3 19.4 20.1 1.6 - - - - - -
Low 25.5 20.7 17.9 22.2 1.6 - - - - - -

Kidneys 12.1° 10> 7.7¢ 6.088 053 898 9.02 037 095 <0.01 0.11
High 12.5 8.93 8.11 6.35 0.75 - - - - - -
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Low 11.7
Liver 33.5
High 33.8
Low 33.2
Spleen 2.08"°
High 2.00
Low 2.16
Pancreas 0.60°
High 0.66
Low 0.54
Gastrointestinal tract 27.3
High 26.9
Low 27.8

11.3
27.3
25.4
29.2
2.27
2.42
2.11
0.43
0.42
0.44
25.3
23.8
26.9

7.30
21.0%
31.1
21.0
1.79
1.90
1.68
0.39
0.38
0.40
25.9
25.9
25.9

5.78
20.2%
20.4
19.7
1.7¢°
1.68
1.72
0.39
0.39
0.39
25.8
24.3
27.3

0.75
1.0
1.4
1.4

0.13

0.19

0.19

0.04

0.06

0.06
11
1.6
1.6

#9ithin a variable, means differ (P < 0.10)

"High = HIGH-fed cows (16.0 + 2.0 g of DM/kg of SBW) and Lew.OW-fed cows (10.8 + 1.5 g of DM/kg of SBW).
%Probability values for effects of feeding level (FL), day of gestdfimy), and their interaction (FL x Day).
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Table 12. Equations to explain fetal organs development in function of days of gestation in pregnant Nellore cows

Proportion oBW, g/kg

Organ Function D50"
145 days of gestation At parturition (predicted) Adult cow

Heart £(t), g = 0.0000646&074 0-0001550t 215 5.13 5.95 3.58
Lungs f(t), g = 0.0360 0069~ 0.0001160t 238 37.9 25.7 5.14
Kidneys  f (t), g = 0.00162808780.000167t1 199 13.5 5.94 1.67
Liver f (t), g = 0.2368-0432- 000006050 211 42.2 20.1 10.8
Spleen 7 (t), g = 0.00160& 0722~ 0-0001260t 211 3.22 1.68 2.05
Pancreas f (t), g = 0.0000641&0643-0-0001050t 224 0.65 0.43 -

IDay of gestation when the weight of the organ is equal to 50% of thieteredeight at parturition.
Average values of cows from the current study. Pancreas weight was not evialgaesd.
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Table 13. Biometric measures of fetus in function of days of gestation and feeding level in pregnant Nellore cows

Day of gestation Feeding levél P-valué
ltem SEM SEM
136 189 239 269 High Low FL Day Trt x day

Body length, cm 324 5268 774 866 16 635 610 1.1 0.13 <0.01 0.25
Thoracic circumference, cm 2400 393 576 64.0 1.1 46.5 46.0 08 0.70 <0.01 0.38
Height at shoulder, cm 233 399 655 743 11 515 499 0.7 0.14 <0.01 0.15
Height at rump, cm 21.9 400 649 758 09 509 50.3 0.7 052 <0.01 0.25
Cranial eyes circumference, cm 228 348 464 500 08 388 381 0.6 037 <001 0.41
Cranial neck circumference, cm 22.2 320 43.2 47.7 0.5 36.9 35.6 04 0.03 <0.01 0.04

High 2200 31.8 441% 495 0.8 - - - - - -

Low 2248 322 422 459 08 - - - - - -

#4Within a variable, means differ (P < 0.10)

"High = HIGH-fed cows (16.0 + 2.0 g of DM/kg of SBW) and Lew. OW-fed cows (10.8 + 1.5 g of DM/kg of SBW).
%Probability values for effects of feeding level (FL), day of gestdfimy), and their interaction (FL x Day).
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Table 14. Functions to predict fetB8V and fetal age from biometric measures of fetus

_ _ _ Predicting feta age (d) Predicting fetu8W
Blometric predictor measure Function Pyy P-value Function r*y  P-value
Body length, cm y =14.3 x BIY°>1° 0.960 0.998 y =0.000155 x BE""* 0981  0.708
Thoracic circumference, cm y =16.89 x TE 5% 0.964  0.999 y = 0.000263 xTC* " 0.974 0.864
Height at shoulder, cm y =24.21 x H§>%* 0.975  0.999 y =0.001 x H§3%’ 0.975  0.985
Height at rump, cm y = 26.42 x HR>3%2 0.983  0.999 y =0.00192 x HR?% 0.958  0.944
Cranial eyes circumference, cm y=10.45 x CEG®*>  0.953  0.999 y = 0.000041 x CEE&**? 0.946  0.884
Cranial neck circumference, cm y=9.97 x CNC®8 0.970  0.995 y =0.000073 x CN&3* 0.962  0.689

The ny value is for observed values regressed in function of predicted. P-vathgesignificance value for testing the joint hypothesis that B and B = 1 (Mayer et al.,
1994), wherein P-values greater than 0.05 means thatthgpldthesis was accepted.
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Table 15. Chemical composition of the fetus

Day of gestation Feeding level P-valué
ltem 136 189 239 269 High Low
(n=8) (n=8) (n=8) (n=8) (n = 21) (n=23) FL  Day FLxday
N, g 17.2+17.4 92 +17 380 + 17 571° + 17 273 +12 257 + 12 0.36 <0.01 0.23
High 185+23.9 97+24 368 + 24 608 + 24 - - - - -
Low 159+23.9 88+24 392 +24 533+ 24 - - - - -
Fat, g 12.2+39.0 124 +39 606" + 39 889 + 39 422 + 29 394 + 27 0.49 <0.01 0.10
High 13.1+54.9 129+55 561 + 55 984 + 55 - - - - -
Low 11.3+54.9 119+55 652 + 55 794 + 55 - - - - -
Ash, g 28.6+45.0 155 +45 650 + 45 1,020 + 45 458 + 33 469 + 31 0.80 <0.01 0.75
High 28.8+63.0 16563 602 + 63 1,035 + 63 - - - - -
Low 28.5+63.0 145+63 697 + 63 1,006 + 63 - - - - -
Water, g 1,413 + 642 5,392 + 642 16,044 +642 21,297 +642 11,631 +472 10,442 +454 0.08 <0.01 0.05
High 1,437+ 907 5,473 +907 16,067 + 907 23,552 + 907 - - - - -
Low 1,393+ 907 5,31P+907 16,02f + 907 19,047 + 907 - - - - -
Energy, Mcal 0.67+0.82 399+0.82 16.8+0.82 24.4+0.82 11.7+0.6 11.3+0.3 0.61 <0.01 0.40
High 072+1.16 422+12 16.1+1.2 25.7+1.2 - - - - -
Low 062+1.16 3.77+12 175+12 23.2+1.2 - - - - -
N, g/kg 109+0.3 145+0.3 19.1+0.3 21.1+0.3 16.4+0.2 16.4+0.2 0.98 <0.01 0.01
High 11.5+04 151+04 18604 205+04 - - - - -
Low 10.3+04 140+04 196'+04 21.8+0.4 - - - - -
Fat, g/kg 7.78+150 19.°+15 305+15 32.7+15 22.3+1.1 22.7+1.1 0.79 <0.01 0.50
High 8.16+2.13 19.8+21 283+21 33.1+21 - - - - -
Low 7.40+2.13 184+21 327+21 324+2.1 - - - - -
Ash, g/kg 183+1.1 244+11 325+1.1 37.8+1.1 27.2+0.8 29.3+0.8 0.06 <0.01 0.04
High 18.F+15 258+15 30415 34615 - - - - -
Low 1858+15 232+15 345+15 409+15 - - - - -
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Water, g/kg 895+ 3 853 +3 806 =3

High 890 +5 846"+ 5 817 +5
Low 899 +5 861°+5 800+ 5
Energy, Mcallkg 0.42+0.02 0.62+0.02 0.84+0.02
High 0.45+0.03 0.68+0.03 0.81°+0.03
Low 0.40'+0.03 0.60+0.03 0.87+0.03

786 + 3
797+ 5
781 +5

0.91 +0.02

0.87 +0.03

0.95'+0.03

835+2

0.69 +0.01

835+2

0.70£0.01

0.95 <0.01

0.59 <0.01

0.01

0.03

#Within a variable, means differ (P < 0.10)

"High = HIGH-fed cows (16.0 + 2.0 g of DM/kg of SBW) and Lew.OW-fed cows (10.8 + 1.5 g of DM/kg of SBW).

%Probability values for effects of feeding level (FL), day of gestdfimy), and their interaction (FL x Day).
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Figure captions

Figure 1. Position of fetal biometric measurements.

Figure 2. Relationship between fresh weights of the fetus (a), uterus (b), placenta (c),
fetal fluids (d) and day of gestation in Nellore cows. Dotted lines represent
extrapolation from data. For uterus and fetal fluids, solid line represent the single model

for both HIGH-fed cows and LOW-fed cows cows.

Figure 3. Relationship between fresh weights of the fetus, uterus, placenta (all in the
same scale) and day of gestation in Nellore cows. Except for uterus, solid lines represent
the function for HIGH-fed cows cows and dash lines represent function for LOW-fed
cows cows; dotted lines represent extrapolation from data. For uterus, solid line

represent the single model for both HIGH-fed cows and LOW-fed cows cows.

Figure 4. Relationship between weights of the fetus, uterus and placenta, expressed as
percentages of predicted weights at parturition and days of gestation. Except for uterus,
solid lines represent the function for HIGH-fed cows cows and dash lines represent
function for LOW-fed cows cows; dotted lines represent extrapolation from data. For
uterus, solid line represent the single model for both HIGH-fed cows and LOW-fed

COwsSs COows.

Figure 5. Relationship between weights of fetus and placenta of Nellore cows
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Figure 6. Relationship between weights of fetal organs, expressed as percentages of
predicted weights at parturition and days of gestation. Black lines represent actual data

range and dotted lines represent extrapolation from data.

Figure 7. Relationship between daily rate of gain of fetal organs as percentage of

predicted weight at parturition and days of gestation. Black lines represent actual data

range and dotted lines represent extrapolation from data.
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Figure 3
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Figure 5
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Figure 6
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Figure 7
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CHAPTER 2

Achieving body weight adjustments for feeding status and pregnant or non-

pregnant condition in beef cows

ABSTRACT: Dataset from 49 multiparous Nellore cows (32 pregnant and 17 non-
pregnant) with average initial body weight of 451 + 10 kg were used to develop a set of
equations and relations for BW adjustments in pregnant or not pregnant beef cows.
Cows were weighed every 28 d (0700 h, before feeding) to obtain the BW, and
reweighed at the same time the following day after 16 h of fasting to obtain the shrunk
body weight §BW) values. Pregnant cows were separated into four groups of eight
cows each and harvested at 136, 189, 239 and 269 d of pregnancy to obtain the empty
body weight EBW) and the weight of components related to pregnancy. To establish
the relationships between the BW, SBW and EBW of pregnant and non-pregnant cows
as a function of time of gestation, a set of general equations was tested, based on
theoretical suppositions. The pregnant compolPiEG) was defined as the weight

that is genuinely related to pregnancy, that includes the gravid uterus minus the non-
pregnant uterus plus the accretion in udder related to pregnancy. The PREG was
deducted from the SBW or EBW of a pregnant cow to estimate the non-pregnant SBW
and EBW 6BW,, andEBW,) and to calculate the body gain of only maternal tissues
(rSBG andrEBG). The overall equation to predict SBW from BW was 0.8684
BW%% The equation to predict gravid uterus weight in function of days of pregnancy
(DOP) was 0.2106 x (-03119-0.00004117xDOP) x DOPyThare \was no accretion of weight in
udder up to 238 d of pregnancy and the accretion after 238 d was exponentially
correlated with DOP. We conclude that the weight related to the pregnancy can be
estimated in a live cow allowing estimating the non-pregnant EBW and SBW of a
pregnant cow. This allows estimate and compare the weight gain of tissues not related
to the pregnancy and the comparison of weight gain of a pregnant and non-pregnant

COow.

KEYWORDS: beef cattleBos indicusgestation, gravid uterus, shrunk body weight
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RESUMO: Dados de 49 vacas Nelore multiparas (32 gestantes e 17 ndo gestantes) com
peso médio inicial de 451 + 10 kg foram utilizadas para desenvolver um grupo de
equaglOes e relacdes para ajuste de peso corporal em vacas gestantes e n&p gestante
ampliando as opcfes para a pesquisa na area de gado de corte. A cada 28 dias as vacas
foram pesadas pela manha (7h, imediatamente antes da alimentacédo) para obter o peso
vivo (PV), e repesadas ao mesmo horéario no dia seguinte apds 16 horas de jejum de
sélidos para obter-se o0 peso vivo em jejum (PVJ). As vacas gestantes foram separadas
em 4 grupos de 8 vacas cada e abatidas aos 136, 189, 239 e 269 dias de gestacédo para
obter o peso de corpo vazio (PCVZ) e o peso dos componentes relacionados a gestacao.
Para estabelecer-se as relacdes entre PC, PCJ e PCVZ de vacas gestantes e nao
gestantes em funcao do tempo de gestacéo, um grupo de equacdes gerais foi avaliado,
baseado em suposicdes tedricas que foram apresentadas com suas explanacdes. Sugeriu-
se o conceito de componente gestacdo (PREG), que representa o Utero gravido menos o
peso do Utero numa condigcdo ndo gestante mais o acréscimo de Ubere que ocorreu
devido a gestacao. A partir disso, o PREG foi subtraido dos valores de PVJ e PCVZ das
vacas gestantes para estimar-se os PVJ e PCVZ néo gestantgs (PUV¥4%,) e para
calcular-se o ganho de peso relativo apenas aos tecidos maternos (rGPVJ e rGPCVZ). A
equacdo gerada para predizer PVJ a partir do PV foi 0,8084 *¥*BWA equacdo

gerada para predizer o peso do Utero gravido em funcdo dos dias de gestacédo (DG) foi
0.2106 x §0-03119-000004117xDG) xDEN 54 foi observado acréscimo no peso do Ubere até

238 dias de gestacao e ap0s isso o0 acréscimo foi exponencialmente correlacionado com
DG. A aplicacdo das equacdes e relacdes geradas pode ser util como uma ferramenta
pratica para separar a por¢gado do ganho diério e peso vivo é referente a tecidos maternos

e a porcéo relativa a gestacao.

Palavras-chave:condicdo corporal, gestacéo, peso vivo, Utero gravido, vacas de corte,
Zebu

87



INTRODUCTION

The breeding herd accounts for about 70% of the total energy used in beef cattle
production [l]. However, the number of studies investigating the production efficiency
of breeding cows is lower than the number of studies involving the same aspect in other
categories of beef cattle production system, such as growing and finishing a2jnals [
One of the limiting factors for evaluating the production efficiency (e.g. feed efficiency)
in mature cows is the difficulty to obtain reliable estimates of weight variation. This
occurs due to the interaction of weight variation with specific physiological stages such
as pregnancy and lactation.

In studies with pregnant cows both raté mody weight BW) change and
reproductive performance are commonly measured for assessment of the response of
animals to experimealt treatments. The deposition of body tissue reserves as well as
fetal and uterine tissues contributes to the increasB\Wfof the cow leading t@a
complicated interpretation of the BW change. The comparison of the BW of a pregnant
cow at the beginning and end of a study may not accurately represent the different
physiological status because of the increased weight due to depositionydidsoe
reserves or due to the growth of the components related to pregnancy, such as the gravid
uterus and mammary gland. As such the standardizatiBuMobdf a cow in pregnant or
non-pregnant condition the first step to meet their nutrient requirengnts [

It is also noteworthy that cattle are known to vary weight in function of feeding
status (fasting or fed) throughout the day. Variationgastrointestinal contents in
ruminant animals is a major source of error in body weight gain measurempnts [
Weighing forms typically known are fed body weight (BW), shrunk body weight

(SBW, weight after 14 to 16 hour fasting) and empty body weigB\¥, body weight
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without gastrointestinal content). The EBW is the weight information that presents the
greatest correlation to carcass and animal trajtsbjut can be directly acquired only
after slaughter. Thus, the first step to estimate the nutrient requirements of cattle is to
know the correct relationship between the BW, SBW and EBW. The Beef Cattle NRC
system §] adopted suggestions for weight adjustments among BW, SBW and EBW for
growing animals and adult cows but not for pregnant cows. Moreover, the correction
factors for the weight of adult cows based on physiological condition are minimal. Up
to now there is no information with regard to the relationship between BW and SBW,
and other relations and adjustments for live weight of pregnant cowBo®indicus

cattle.

There are limited number of studies reporting data about BW adjustments for
pregnancy in cows/[ 8]. The available data did not consider a possible variation in the
udder weight, which may increase in size as a function of pregnancy and congequentl
increases the weight of the cow. The use of equations and relationships to estimate the
weight of the gravid and non-gravid uterus ahd cow’s udder as a function of
gestational age and other characteristics allows the estimation of the live weight of cows
and their body constituents, and subsequent weight compatisarious physiological
stages and chronological sequences. Tiugsaimed to develop ways to estimate the
actual weight of an adult cow, independent of feeding status (fasted or not) and in all
stages of pregnancy. We hypothesized that there might be an increase in the udder
weight as a function of gestation and we test at which point of gestation this increase is
significant. Our results allows to know, in a live pregnant cow, which is the portion of
weight that is from maternal tissues and which is from gestation tissues or tissues that

increased in size due to pregnancy.
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MATERIALS AND METHODS

Ethics Statement
All animal procedures were approved by the Animal Care and Use Committee of
the Department of Animal Science of the Universidade Federal de Vig@&zazil

(047/2012).

Animals

Forty-nine multiparous Nellore cows with average initial body weight of 451 + 10
kg, age of 5.6 + 0.5 years and body condition score of 8.2 (1 to 9 scale) were used.
Cattle were from an experiment reported by Duarte eBplFfom the initial 49 cows,
32 were randomly separated and hand mated with Nellore bulls to form the pregnant
group. Twelve cows were randomly separated and assigned to the non-pregnant group

and the five remaining cows were designated as the baseline.

Diet and management

Cows were housed in pens (48 m2, 6 cows per pen) with a concrete floor, 15 m2 of
covered area, an@d libitum access to fresh water. Feed intake was measured
individually using an electronic head gate system (Kloppen Solu¢des Tecnoldgicas,
Pirassununga, SP, Brazil). Bred cows were at 47 + 3 d of gestation when the feeding
trial started.

All cows were fed the same diet twice daily (0700 and 1500 h) and divided into
two groups according to level of feeding, eithBGH (ad libitum) or LOW (restricted
feeding 1.2-times maintenance according to the Beef Cattle NJRCS[xteen pregnant

and 5 non-pregnant cows were fed HIGH level and 16 pregnant and 7 non-pregnant
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cows were fed the LOW-diet. The restricted feeding was estimated so that 1.2-times
maintenance sustained pregnancy and the HIGH-fed allowed maternal tissue deposition.
The diet consisted of corn silage, ground corn, soybean meal, urea and mineral mixture
(Table 1).

Every 28 days cows were weighed in the morning (0700 h, before feeding) to
obtain the BW, and reweighed at the same time the following day after 16 h of fasting
to obtain the SBW values. Cattle had libitum access to water. Thus, the body gain
(BG, kg/d) and the shrunk body gafBRG, kg/d) were calculated.

The 32 pregnant cows were randomly assigned into 4 groups of 8 cows each (4
cows per each feeding level) and slaughtered at 136 +1, 189+ 1,239+ 1 and @69 £ 1
of pregnancy. Non-pregnant cows were slaughtered at different times during the
experiment (85 to 216 days of feeding control) to keep them in experiment for a similar
period of time as the pregnant cows. Cows from the baseline group were harvested on
day O of the experiment after the end of the adaptation period and were used to estimate

the initial BW, SBW and EBW of the cows in the experiment.

Animal harvest and weighing of uterus and udder

Pre-slaughter animal care and handling procedures followed the Sanitary and
Industrial Inspection Regulation for Animal Origin Produci$)][ Before slaughter
feed was withheld from animals for 16 h, but they hddibitum access to water the
entire time. Slaughter was performed by using captive bolt stunning and exsanguination.
The euthanasia of fetuses followed the American Veterinary Medical Association
Guidelines 11].

Udders were removed along with the portion of hide that covered the udder and

then weighed immediately after slaughter. The gravid and non-gravid uteri were
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sectioned at the cervix and weighed. The grouping of all whole body components after
the wash of the digestive tract constituted the pregnant empty body WeEBW ,(
including udder and gravid uterus of pregnant cows) or the non-pregnant empty body

weight EBW,,;,, for non-pregnant cows).

Body condition score

Body condition scoreBCS) were assessed on a scale ranging from 1 = severely
emaciated to 9 = very obesE?[ 13] with 0.5 partial scoring and were determined by
observation and palpation. The trial for determining the BCS of each cow was
performed on the day of slaughter by two trained evaluators in a double-blind scheme.
Each evaluator did not know the result of the evaluation of the other, and the average
score was calculated. A new evaluation was performed if the scores of the two

evaluators were further than 1.5 points apart.

Adjustment of cow BW measurements

To establish the relationships between the BW, SBW and EBW of pregnant and
non-pregnant cows as a function of time of gestation, a set of general equations was
tested, based on theoretical suppositions that are presented followed by their
explanations (Table 2). In general, the pregnancy (referred mathematically as pregnancy
component,PREG) was considered mathematically an extra component of the cow
(cow BW + PREG). Howeveit was assumed that there is an interaction between the
development of the specific tissues for the pregnancy (gravid uterus and udder) and the
maternal tissues (lean, fat, viscera, etc). When appropriate, this interaction was

considered and tested.

92



Multiple linear regressions (for Eq. A2, B2, F, | and J of Table 2), simple linear
regressions (for Eq. Al, B1 and G of Table 2), or non-linear regressions were used to
test the relationships between BS, SBW, and EBW. The intercept was used when
biologically appropriate and statistically significant.

The basic mathematical model used to estimate the dynamics of gravid uterus
(GU) in function of time of pregnancy was of the logistic form, similar to that suggested
by Koong et al. 14]:

GU = GUO 5 @U+fDIP+fxBCSxDOP {1}

whereDOP = days of pregnancy, BCS = body condition sc@¥y = weight of gravid
uterus (kg) on day O of gestation a&d = the weight of gravid uterus (kg) on day DOP
of pregnancy.

The mathemata model used to estimate the dynamics of udder as a function of
time of gestation was based on what has previously reported by Hafleb$ a
segmented non-linear model with a period of staticity followed by an exponential

model, as follow:

a. If DOP< f; thenUD = SBW, x 3, x BCS”
{2}
b. If DOP> ﬁo then UD = SBWp X ﬂl x BCS? x e[ﬁSX(DOP*ﬂo)]

where:DOP = days of pregnancy, UD = udder (kg), SRW shrunk body weight of a

cow in non-pregnant condition (kg) and BCS = body condition score. The par#mneter
represents the moment in which the weight of the udder starts to increase as a function
of days of pregnancy. The mod®a” is used to estimate the weight of the udder of non-
pregnant cows and the use“af’ or “b” model is used to pregnant cows depending on

the values oBy and DOP.
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Statistical Analysis

The REG and GLM functions in SAS version 9.2 (SAS Inst. Inc., Cary, NC) were
used to estimate the regression parameters of linear functions. Parameters for nonlinear
functions were estimated using the Gauss-Newton method in the NLIN procedure of
SAS version 9.2. The value of 0.05 was adopted as critical level of probability for

occurrence of Type | error.

Model evaluations

The predictive models were evaluated by the significance of the regression
between the observed and predicted valdé€g fesidual analysis, accuracgly; 17,
the mean square error of predictiddJEP, 18 and the partition of sources of variation
of MSEP [L9). These statistics were calculated using the Model Evaluation System
(MES, v.3.0.1, http://nutritionmodels.tamu.edu/mes.htgd).[In addition, the Akaike

Information Criteria AIC; 21] was calculated according to Motulsky and Christopoulos

[22].

RESULTS AND DISCUSSION

Estimation of SBW from BW

The BW and days of pregnandy@P) were significant <0.05) to estimate the
SBW of pregnant and non-pregnant cows when a multiple linear regression was used
(Table 2, Eq. A1 ané2). However, less than 0.5% of the variation in the SBW of the
pregnant cows can be explained by DOP. The Al€gwater when the SBW and DOP
were used in the model (AIC = 263#han when only SBW was used (AIC = 258.4).

The theoretical models presented in the Eq. A3 and A4 (Table 2) cannot be practically
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developed because the estimative of PREG is dependent on the SBW value (Table 2,
Eq. C, D and F), making impractical to consider a possible interaction between the
SBW/BW ratio and the time of pregnancy. Thus, we decided to use only BW to
estimate SBW of pregnant and non-pregnant cows, assuming that the efi€2P of
negligible.

The equations generated to predict the SBW only as a function of the BW (Eq.
{3} and {4}) had high Cb values (0.999 for Eq. {3} and 1.000 for Eq. {4}) when the
estimated and observed data were compared. However, the hypothe&js-tBainadp;
= 1 was rejected (P=M03) for Eq. {3} when the parameters were analyzed. For the
model presented in Eq. {4}, this hypothesis was accepted (P = 0.889). Equation {4} also
has a lower MSEP (23.6) than the linear model (28.9). Moreover, the decomposition of
the MSEP shows that only 0.06 (0.3%) of the MSEP value originated from the
systematic errors in the power model (Eq. {4}), whereas in the linear model this value is
4.62 (15.9% of the MSEP). The AIC also shows a better value for the power model in
comparison with the linear model (250.5 and 258.4, respectively). This difference

indicates that, according to the AIC theoba$ed on the AIC evidence ratio;] 2there

is a 98.2% of probability that the model given by Eq. {4} is better than that from Eq.

{3}. This means that the model Eq. {4} of is 53-times more likely to be correct than the

Eq. {3} model.
SBW = 0.9763 (¥0.0013) x BW {3}
SBW = 0.8084 (+0.0350) x BW\/?03 (£0-0069) {4}

where SBW = shrunk body weight (kg) and BW = body weight (kg).
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These results suggest the utilization of a nonlinear model to estimate the SBW
value for pregnant and non-pregnant cows. The value of the BW exponent greater than
1 (1.0303) shows an increase in the value of the relationship between SBW and BW as
body weight increases. Biologically, it suggests that the decrease of weight caused by
fasting is lower in proportiorto the whole body weight, as BW increases. The
relationship between SBW and BW calculated using the Eq. {4} for a 300-kg BW cow
is 0.961, very near to the value suggested by the Beef Cattle §]R@hjch is 0.96.

However, for a 700kg BW cow this relationship is equal to 0.986.

Gravid uterus weight

Theoretically, the weight of the GU would be a function of size of the cow
(SBW), the feeding level, and the time of pregnancy. The inclusion of SBW in the
model is unworkable, because the weight of the GU is being estitoagetimating the
cow SBW. Likewise, although differences have been observed in the weight of the GU
at 270 days of gestation as a function of feeding level with the same cows used in this
study P]; the inclusion of feeding level in the model is impractical because the feeding
level is quitea variable concept. If feeding level refers to daily intake of DM, there may
be differences in energy concentration among diets. If feeding level is referred to in
relation to the maintenance level, there is still unclear information on the mairgenan
of Zebu beef cows. Thusye decidedto use of BCS as it is easy to measure and
indirectly includes information about cow size and feeding level. Whe @ and
BCS where included in the model it was better fitted to the data than d@Erand
feeding level were included (AIC = 52.0 and 54.7; MSEP = 23.6 and 28.8, for inclusion

of DOP and BCS or DOP and feeding level, respectivdly case of no availability of
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the BCS, a model to predict the GU as function onfDOP was also generated (Eq.

{6}).

GU = 0.2243 (£0.3099) x B 08225 (£0.1331) {(0.02544 (£0.0125) 0.0000286
(0.000028) XDOP) x DOP)

{5}

GU =0.2106 (+0.3238) x ({03119 (£0.0137-0.00004117 (20.00003) BOP) x DOF) {6}
where GU = gravid uterus (kg), DGPdays of pregnancy and BCS = body condition
score. The Table 3 shows examples of weights of GU estimated by Eq. {5} and Eq. {6}

for cows with different BCS in different times of pregnancy.

Non-pregnant uterus and ovaries weight

A linear model without intercept showed the best fit (based on AIC vé&due
describing the weight of the uterus plus ovaries of non-pregnant tbiwys, Ed. {7}).
The same model can be used to estimate thg OfTpregnant cows. However, an
adjustment to the value of SBW (Eq. {8}) is required, which is an adaptation for a
provisional value of BW,, of pregnant cowasthere is a circular reference at this point
due to the fact that the estimate of }Ji6 part of the estimates made to obtain the real
value of SBW,.

UT,p, = 0.0012 (+0.00005) x SBWY {7}

If DOP< 240 then UTp, = 0.0012 (+0.00005) x (SByV GU + 0.6) o

If DOP > 240 therJT,, = 0.0012 (+0.00005) x (SBW GU + 0.6- 2) o
whereUT,, = uterus plus ovaries of a non-pregnant cow (kg), §B¥\hon-pregnant
shrunk body weight, SBY\& pregnant shrunk body weight, 0.6 = the value of a,0T
a 500-kg cow and 2 = the average value for udder accretion due to pregnamcy whe
pregnancy is longer than 240 days. The coefficients of 0.6 and 2 were used because it is

not possible at this point to estimate the exact value of 3BWa pregnant cow. Thus,

they were used as estimato produce the minimum erraspossible.
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Accretion of weight as gravid uterus during pregnancy

From the values of GU arldT,, the accretion of weight as gravid uterus during
gestation (Gl) can be estimated according to Eq. D of Table 2. As an example, a 500-
kg BW pregnant cow, BCS of 5 and 200 days of pregnancy, the calculat®dqpis
as follows:

GU = 0.2243 x %3225>< e((0.02544— 0.0000286 x 200) 200) =19.44 kg

GUgp = GU—-UT,

GUgp = 19.44 - 0.0012 x (50019.44 + 0.6)

GUqgp = 18.86 kg

Udder modeling

During pregnancy, especially near parturition, changes occur in the bovine
mammary gland, through the formation of milk secretory tissue. Although this
phenomenon commonly occurs in heifers, this was also observed in multiparous cows
used in the current study. The udder weight data showed an increase in the weight from
240 days of pregnancy (Figure 1). The non-linear logistic model (Eq. {1}) did not fit to
the data of udder weights well as a functionD&P. Thus, a non-linear segmented
model (Eg. {2}), as presented by Fad&b], was used to describe the dynamics of the
udder in function of gestation. The model that showed better fit was with the inclusion
of SBW, BCS and DOP for pregnant cows and SBW and BCS for non-pregnant cows
(Eqg. {9}). The intercept of the model w&38 indicating no significant increase in the
weight of the cow’s udder at this period of pregnancy. From this period, there is an
exponential increase in udder weight due to the formation of parenchyma. Similarly to
the weight of the gravid uterus, the feeding level was not included, but is indirectly

represented by the BCS. The SBWas included in this model becauseepresents
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much of the variation in the weight of the udder. As previously observed there & also
case ofacircular reference, and to estimate the SBW pregnant cows it is suggested
to use SBW, = SBW,— GU + 0.6 (and - 2 iDOPis greater than 240 days).

If DOP < 238then UD,, = SBW,, x 0.00589 (£0.00192) x BCS*
(+0.1809) {9}

If DOP> 238then Uq; — Uan x é(DOPf 238) x 0.0109 (+0.0019))
where UL, = udder of a non-pregnant cow (kg), SBW shrunk body weight of a
non-pregnant cow (kg), BCS = body condition sc@®P = days of pregnancy, U=
udder of a pregnant cow (kg).

The high variability of udder weight among the cows complicates the modeling of
factors that affect the weight of this component in beef cows. The model presented in
Eq. {9} showed the best fit among other tested and so was used. When the observed
values were regressed in function of predicted values, a Cb = 0.9926 and MSEP = 0.642
were obtained, being 92.8% of MSEP variations from random sources. The hypothesis
that Bo = 0 andp; = 1 was tested according Mayer et al. 16] and was accepted
(P=0.209), indicating that the model is appropriate.

Based on the model presented in Eq. {9} can be defined the increase in udder in

function of pregnancyUDgp, EQ. H in Table 2) as follows:

If DOP< 238 than URQ,=0
{10}

If DOP> 238 than Uap - Uan X e((DOP* 238) x 0.0109 (i0.00lg)) Uan

where DOP = days of pregnancy andDgy, = udder accretion due to pregnandy
practice, it is suggested the adoption of 240 days of pregnancy as the time in which the

udder starts to increase due to pregnancy.
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Pregnancy compound
Based on the Eq. C of the Table 2, the pregnant compd®R&G) can be
defined as Eq. {6} Eq. {8} + Eq. {10}, as follow:
PREG = G, + UDy
PREG = GU- UTp + UDgp
If the pregnancy is less than 240 days the value qf idst be excluded.
As an example, a pregnant cow with 550 kg of SBBCS of 6, at 270 d of
pregnancy, the BW that is attributable to the pregnancy can be calculated as follows:
PREG = G, + UDy
GUgp = GU—-UT,
GU = 0.2243 x BC%’,ZZSX é(0.0254¢ 0.0000286< DOP) x DOP)
GU = 0.2243 x %3225>< é(0.0254¢ 0.0000286 x 270) 70
GU =47.8 kg
GUgp = GU - 0.0012 x (SBW-GU + 0.6-2)
GUygp = 47.8- 0.0012 x (550- 47.8 + 0.6- 2)
GUqp = 47.2 kg
Ude — Uan % é(DOP— 238) x 0.0109 Uan
UDnp = SBW,, x 0.00589 x BC%**
UDnp = (550— 47.8 + 0.6- 2) x 0.00589 x BC¥**
UDnp = 4.25 kg
UDgp = 4.25 x @270-239x00109_4 55
UDgp = 1.76 kg
PREG =47.2 + 1.76 kg

PREG = 48.98 kg
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Estimation of non-pregnant SBW of a pregnant cow

The knowledge of the values of SBV&nd PREG allows the estimation of the
SBW,,, values according to Eq. A4 of Table 2. For the cow in the previous example, the
SBW,,, value is: 550- 48.98 = 501.02 kg. Therefore, in this case tissues related to

pregnancy represent8®% of cow’s weight.

Estimation of EBW from SBW

The fit of models to predict EBW from SBW was performed in a dataset that
grouped the data from non-pregnant cows with SBW and EBW data of pregnant cows,
from which was deducted the value of PREG, estimated as described above.

The two equations generated to predict tiB\E, as a function of & SBW,,
(Eq. {11} and {12}) have a Cb value of 0.999 for Eq. {11} and 1.000 for Eq. {12}
when the estimated and observed data were compared. The hypothgsis thand3;
= 1 was accepted for both equatioRs({.848 forEq. {11} and P=0.999 for Eq. {12}).
Equation {12} has a little lower MSEP (91.9) than the linear model (92.8). The
decomposition of the MSEP shows that 99.2 and 100% of the MSEP value osiginate
from random errors in Eqg. {11} and Eq. {12}, respectively. The AIC was 98.4 for the
Eq. {11} model and 100.2 for the Eq. {12} model. These results show that both models
can be safely used to predict ERyValthough we suggest the use of the power model
(Eq. {12}) to have greater biological sense. A value of the gBMfponent greater than
1 (1.0122) means that there is an increase in the value of the relationship between
EBW,, and SBW, as body weight increases. This is biologically plausible and suggests
that larger animals have a lower proportion of weight on the content of the
gastrointestinal tract by having logically lower proportion of the gastrointestinal tract.

EBW.,, = 0.9092 (+0.028) x SBWi, {11}
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EBW,, = 0.8424 (+0.1025) x SBW-OlZZ(to.olgg 12

where BW,,, = empty body weight of a non-pregnant cow (kg) am¥\G, = shrunk
body weight of a non-pregnant cow (kg). A graphic representation of the relation among
EBW,, and SBW,, is shown in Figure 2.

It can be observed that the relationship between fBWd SBW, has a low
variability between animals from different sizes or different feeding systems. The Beef
Cattle NRC f] and BR-CORTE 23] suggest the use of relations between EBW and
SBW for growing animals of 0.891 and 0.895, respectively, similarly to those observed
in the current study for adult cows. The relation between BAM SBW, calculated
using Eq. {12} for a 300-kg cow is 0.9031 and for a k@Gzow is 0.9125.

From the relationship between EBWand SBWp, the relationship between
EBW, and SBW can also be estimated. For this, it is necessary to deduct the falue o
PREG from these values. BaseuEq. B3 and Eq. B4 of Table 2, and Eq. {12}, the
relationship between EBYand SBVY can be calculated as follows:

EBW, = EBW,, + PREG

EBW,, = 0.8424 x SBW,"%%

SBWh, = SBW, — PREG, thus

EBW, = (0.8424 x (SBW- PREG}?j + PREG

The relationship consists of deducting the PREG component from the analysis,
considering it as a separate portion of the weight of the cow. Based on the equations
above the relationship between EBWhd EBW,, and EBW and SBW, can also be

established.
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Practical usage of BW adjustmentsin pregnant cows

A summary of the equations and relationships generated to adjust the weights of
pregnant cows to a non-pregnant status and also to establish the relationship between
BW, EBW and SBW in pregnant or non-pregnant beef cows is presented in Table 4.
The application of the equations in Table 4 cam bseful tool to separate how much of
the total gain is attributable to maternal tissues and how much is from the pregnancy.
Although the equations and relationship shown in Table 4 were madeBRisimgjcus
cattleit can be adapted f@&. tauruscattle replacing some equations by those generated
usingB. tauruscattle: Eq. {4} should be replaced by the factor 0.96 used in Beef Cattle
NRC [6]; Eq. {12} and {13} should be replaced by factor 0.851 used by Beef Cattle
NRC [6] for mature cows; Eq. {5} and {6} should be repladegithe model generated
by Ferrell et al. 24] to predict the weight of gravid uterus of pregnBntaurusheifers
[GU (g) = 743.9 x §.02- 0.0000143 x DOP) @op)]_

A Microsoft Excel spreadsheet was constructed based on the equations presented
in Table 4 and considerations made in this topic on BW adjustmeBt tauruscows.

The spreadsheet is a supporting information of this paper.

Problemsrelated to BW adjustmentsin pregnant cows

It is not possible to make all the proposed weight adjustments without incurring
some errors. One of the first problems is the fact that there are some circular references
in the theory of the proposed equations. To try to circumvent this problem we used
several fixed parameters, estimated for the average of the sample of animals used to
generate the proposed equations.

Another key point to consider is that the growth of the components related to the

pregnancy and maternal tissues does not occur independently. During pregnancy
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changes occur in the maternal tissues to support nutrition and growth of the gravid
uterus. Reduction in the size of the visc&@p-28 and mobilization of maternal body
reserves tissue9| can be caused by a cow during pregnancy, although it is still a

contradictory issue.

CONCLUSIONS
The live weight of pregnant cows can be adjusted for non-pregnant condition by
deduction of uterus and udder accretion weight due to pregnancy, which can be
estimated as a function of days of pregnancy and shrunk body weight. Udder weight

accretion as a function of pregnancy occurs after 238 d of pregnancy in Nellore cows.
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FIGURE LEGENDS

Figure 1. Relationship between days of pregnancy and weight of fresh udder i
Nellore cows. The continuous line represents the estimation of the weight of fresh
udder for a cow with the average shrunk body weight and body condition score (494 kg

and 5.6, respectively) of the cows used in this study.

Figure 2. Relationship among non-pregnant shrunk body weight and non-pregnant

empty body weight in Nellore cowsThe continuous line represents the estimation of

non-pregnant empty body weight from non-pregnant shrunk body weight using Eq. {12.
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TABLES

Table 1. Ingredients and chemical composition of the diet

ltem Silage Concentrate Diet

Ingredient , % of DM
Corn Silage 100.0 - 84.3
Ground corn - 54.6 8.5
Soybean meal - 33.0 5.1
Urea - 7.3 1.2
Sodium chloride - 2.1 0.37
Ammonium sulfate - 1.5 0.25
Dicalcium phosphate - 1.3 0.23
Microminerals mixture - 0.17 0.028

Analyzed compositioh %
DM 28.0 89.2 37.6
oM 94.7 92.8 94.4
CP 7.8 44.1 13.5
EE 2.9 2.5 2.8
NDF4p 45.8 8.2 39.9
iINDF 20.8 0.65 17.6
NDIN 38.2 7.0 11.4
NFC 38.2 53.0 40.6
TDN - - 66.6
GE (Mcal/kg) 3.82 3.49 3.77

1Zinc sulfate (56.3 %), manganese sulfate (26.2 %), copper sulfate)g).6®tassium iodate (0.37 %), cobalt sulfate (0.23 %) and sodium seler(t@6)0.1

2NDFap = neutral detergent fiber corrected to ash and protein, iINDF = indigestible neutra¢aefier and NFC = non fibrous carbohydrates.
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Table 2. Set of general theoretical assumptions used to establish cows BW adjustments

Code Model What it means

Al SBWip = f(BWnp) SBW of a non-pregnant coBW,,) is function of the BW of a non-pregnant caB¥y )

A2 SBW, = f(BWp,, DOP) SBW of a pregnant cowS8W,) is function of BW of a pregnant coB\{V,) and days of
pregnancy@OP)

A3 SBW, = SBW,, + PREG SBW, also can be expressed as the SBW of the cow if in a non-pregnant condition pl
increase of weight occurred due to the pregnancy, called pregnancy compBRIHE) (
For this we need to consider non interaction between the ratio BW/SBW@iAd

A4 SBW,p, = SBW, - PREG SBW,, if the cow is pregnant can be estimated as the SBifMus PREG. Is the inverse o
the equation A3

Bl EBWhp = f(SBWqp) EBW of a non-pregnant coEBW ) is function of SBW of a non-pregnant co88W,)

B2 EBW, = f(SBW,, DOP) EBW of a pregnant conEBW,,) is function of SBW andDOP

B3 EBW, = EBW,, + PREG EBW, also can be expressed as the EBW of the cow if in a non-pregnant condition pl
pregnancy compound. For this we need to consider that when discounted the PREG.
relation between SBW and EBW is equal for pregnant and non-pregnant cows

B4 EBW,, = EBW, - PREG EBW,, if the cow is pregnant can be estimated as the FBWus PREG. Is the inverse ©
the equation B3

C PREG = GU, + UDyp PREG means the all tissues increase due to the pregnancy and is equal to the GU au
during the pregnancydUqp) plus udder accretion during the pregnandi{y)

D GUgp = GU -UTpp GUyp is equal to GU minus the weight of the uterus of the cow in non-pregnant condit
(UTnp)

E GU = fetus + amniotic fluid + Gravid uterus@U) is equal to the sum of its compounds

placenta + uterus + ovaries

F GU = f(SBW, LF, DOP) GU is function of SBW, level of feeding.f) andDOP

G UTnp= f(SBW) UTnp is function of SBW

H UDgp = UDy - UDyyp UDgp is equal to the weight of udder of a pregnant do{) minus the udder weight of
the cow in a non-pregnant conditidu§yp)

I UD, = f(SBW, LF, DOP) UD,, is function of SBW, LF and DOP

J UDnp = f(SBW, LF) UDy is function of SBW and LF
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Table 3. Examples of the estimation of gravid uterus weight as a function of days of
pregnancy (Eqg. {5) or days of pregnancy and body condition score (Eq. {6)

Body condition score

Equation
3 5 7
135 din pregnancy
{5 6.71 6.71 6.71
{6 5.88 6.94 7.73
270 din pregnancy
{5 47.6 47.6 47.6
{6 38.2 45.0 50.2
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Table 4. Summary of equations used to adjust BW of pregnant and non-pregnant beef cows

Variable to be estimated Predictors variables

Equation code Relation

Non-pregnant cows

SBWh,
EBWnp

Pregnant cows
SBW,
SBWip
PREG
GUqp
GU

UTnp

U an

EBW,
EBWop

BW
SBWh,

BW

SBW, and PREG

If DOP<240: GUqp

If DOP> 240: G, and ULy,
GU and UT,,

DOPorDOPand BCS

SBW, and GU
UD,,, andDOP

SBW, and BCS

EBW,p, and PREG
SBWiyp

{4
{11 or {12

{4

{50r{6

{8
{10

{9

{11 or {12

SBW = 0.8084 x BW®"
EBW,, = 0.9092 x 8W,,, or
EBW,, = 0.8424 x 8W,,,;-01%

SBW = 0.8084 x BW*%

SBWi, = SBW, - PREG

If DOP< 240: PREG = G,

If DOP > 240: PREG = G} + UDq,

GUgp = GU -UTyp

GU = 0.2243 x BC§3225x é(0.0254¢ 0.0000286 x DOP) x DO',D)OI'
GU = 0.2106 x %0.0311& 0.00004117 x DOP) x DOP)

If DOP< 240: UT,, = 0.0012 x (SBW- GU + 0.6)

If DOP> 240:UT,, = 0.0012 x (SBW- GU + 0.6- 2)
UDgp = UDyp X g(DOP-238) x 0.0109). UDnp

UDnp = SBW, x 0.00589 x BCS** or

If DOP< 240: UD,,, = (SBW, — GUyp) x 0.00589 x BC%?**
If DOP > 240: UDy, = (SBW, — GUg,— 2) x 0.0058%
BCSO.2043

EBW, = EBW,, + PREG

EBW;, = 0.9092 x 8W,,, or

EBW,, = 0.8424 x 8W,,,-*1%
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Figure 2
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APPENDIX

For exemplification of practical application an example can be used:

A pregnant cow with initial B/ of 500 kg, BCS = 5 and with 120 of pregnancy, is

subjected to a supposed treatment during a 150 d period; and at the end of this period is

with 600 kg of BW, BCS = 6 and DOP = 270 d. The objective is to know the gain

related to the maternal tissues and the gain related to pregnancy.

Initial

BW = 500 kg
DOP =120d

BCS=5

SBW, = 0.8084 x 500%%°= 487.95 kg
GU = 0.2243 x %3225 x é(O .02544-0.0000286 x
120)x120)= 5 29 kg

UTnp = 0.0012 x (487.95 5.29 + 0.6)=
0.58 kg

GUgp=5.29- 0.58 = 4.71 kg

UDy = (487.95- 5.29) x 0.0058% 5°2043
=3.95 kg

Ude =0 kg

PREG = GU,=4.71 kg

SBW,,, = 487.95- 4.71 = 483.24 kg

EBW,, = 0.8424 x 483.24'%*= 438.97
kg
EBW, = 438.97 + 4.71 = 443.67 kg

Total BW gain = 6006- 500 = 100 kg

Final

BW = 600 kg

DOP =270 d

BCS=6

SBW, = 0.8084 x 606%*%*= 588.78 kg

GU = 0.2243 x %3225 x é(O .02544- 0.0000286 x

270) x 270)= 47 80 kg

UTnp = 0.0012 x (588.78 47.80 + 0.6
2) = 0.65 kg

GUgp= 47.80- 0.65 = 47.15 kg

UDyp = (588.78— 5.29— 2) x 0.00589x

602043= 4 5g kg

Ude = 4.58 x é270— 238) x 0.0109 ) 4.58 =

1.90 kg

PREG =GUy, + UDgp = 47.15 + 1.90 =

49.05 kg

SBWi,, = 588.78- 49.05 = 539.74 kg

EBW,, = 0.8424 x 539.74"'%*= 490.94

kg

EBW, = 490.94 + 49.05 = 539.99 kg

Total SBW gain = 588.78 487.95 = 100.83 kg
Total EBW gain = 539.99 443.67 = 96.32 kg

ADG =100/150 = 0.667 kg/d
SBG =100.83 /150 = 0.672 kg/d
EBG =96.32/ 150 = 0.642 kg/d
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Partial portions of the gain

Total PREG gain = 49.054.71 = 44.34 kg (46% of total EBG)
Total maternal tissues EBW gain = 490-9438.97 = 51.98 kg (54% of total EBG)

rSBG = (539.74- 483.24) / 150 = 0.377 kg/d
rEBG = (490.94- 443.67) / 150 = 0.347 kg/d

where DOP = days of pregnancy, BCS = body condition score,;SB3hrunk body
weight of a cow in pregnant condition, GU = gravid uterus,pFTuterus plus ovaries

of a cow in non-pregnant condition, @ accretion of gravid uterus due to pregnancy,
UDy, = udder of a cow in non-pregnant condition, dJB accretion of udder due to
pregnancy, PREG = pregnant compound, $B¥\shrunk body weight of a cow in non-
pregnant condition, EBWY = empty body weight of a cow in non-pregnant condition,
EBW, = empty body weight of a cow in pregnant condition, ADG = average daily gain,
SBG = shrunk body gain, EBG = empty body gain, rSBG = real shrunk body gain
(refers only to the gain of maternal tissues) and rEBG = real empty body gain (refers

only to the gain of maternal tissues).
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CHAPTER 3

Effect of pregnancy and feeding level on voluntary intake, digestion and microbial

N production in Nellore cows

ABSTRACT: The objective of this experiment was to evaluate the effects of pregnancy
and feeding level on intake, digestibility and efficiency of microblgbroduction in
Nellore cows. Forty-four multiparous Nellore cows (32 pregnant and 12 non-pregnant)
with average initial body weight of 451 + 10 kg were fed eithk3H (ad libitum) or

LOW (restricted feeding 1.2 times maintenance according to the NRC) feeding level.
The diet consisted of corn silage (85%), ground corn, soybean meal, urea and mineral
mixture. The intake was controlled daily and the DM intake (DMI) was evaluated
weekly. In vivo apparent total digestibility was estimated using indigestible NDF as an
internal marker and microbial N synthesis was estimated from the technique of the
purine derivatives in urine. The voluntary feed intake reduced as the pregnancy
advances in Nellore cows and can be calculated as DMI (kg/d) ={1®93 x days in
pregnancy) / 1000 x SBWWr DMI (kg/d) = (164 — 0.0093 x days in pregnancy) / 1000

x SBW;p. The average DMI of LOW-fed cows corresponded to 102, 98 and 67% of the
amount of energy necessary to attend the maintenance and pregnancy energy
requirements suggested by NRC for a cow at 0, 135 and 270 d of pregnancy,
respectively. LOW-fed cows had 0.26 kg/d of average shrunk body gain indicating that
the nutrient energy requirements of Zebu cows are likely lower than those suggested by
NRC. The interaction between the feeding level and days of pregnancy was significant
(P<0.05) for the digestibility of DM, OM, N, EE, NRfand GE, and the values of

TDN. In all these cases there was a reduction in digestibility with increasing gestation
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age in HIGH-fed cows, while the digestibility OM, N, EE, NlpBnd GE increased as
function of days of pregnancy in LOW-fed. The reduction in the digestibility of neutral
detergent fiber occurs faster than in dry matter digestibility. These data suggests that the
reduction of the digestibility as pregnancy increases is caused by an increase in the rate
of passage as compensation factor for the ruminal volume reduction. There were no

direct effects of pregnancy on microbial N production in Nellore cows.

KEYWORDS: beef cattle,Bos indicus dry matter intake, gestation, total digestible

nutrients, Zebu
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RESUMO: O objetivo deste estudo foi avaliar os efeitos da gestacdo e do nivel
alimentar sobre o consumo, a digestibilidade e a eficiéncia de produgdo microbiana em
vacas Nelore. Quarenta e quatro vacas Nelore adultas, multiparas (32 gestantes e 12 ndo
gestantes) com peso médio inicial de 451 + 10 kg foram alimentadas a um nivel alto (ad
libitum) ou baixo (alimentacéo restrita a 1,2 vezes a mantenca, de acordo com o NRC)
da mesma dieta. A dieta consistiu de silagem de milho (85%), milho grdo moido, farelo
de soja, uréia e mistura mineral. O consumo foi controlado diariamente e o consumo
diario de matéria seca (CMS) foi avaliado semanalmente. A digestibilidade aparente in
vivo foi estimada usando-se FDNi como marcador interno da digesta. A producdo de N
microbiano foi avaliada pela técnica dos derivados de purina na urina. O consumo
voluntario reduziu com o aumento da gestacdo e pode ser descrito como CMS (kg/d) =
(16— 0,0093 x dias de gestagdo) / 1000 x PCVZ ou CMS (kg/d) = {16093 x dias

de gestacdo) / 1000 x PCyZO CMS medio das vacas do baixo nivel alimentar
correspondeu a 102, 98 e 67% da quantidade de consumo necessario para atender as
exigéncias de energia sugeridos pelo NRC para uma vaca aos 0, 135 e 270 dias de
gestacdo, respectivamente. Vacas do baixo nivel alimentar tiveram ganho médio diario
de 0,26 kg, indicando que as exigéncias de energia estimadas pelo NRC sao
superestimadas para vacas zebuinas. A interacdo entre o nivel alimentar e o tempo de
gestacdo foi significativa (P<0,05) par as digestibilidades da matéria seca, matéria
organica, nitrogénio, extrato etéreo, fibora em detergente neutro e energia bruta, e
também para os valores de NDT. Em todos os casos, houve reducdo da digestibilidade
em funcdo do aumento da gestacdo nas vacas alimentadas ad libitum, enquanto que nas
vacas que sofreram restricdo alimentar as digestibilidades de matéria organica,
nitrogénio, extrato etéreo e fibra em detergente neutro aumentaram em funcéo do tempo

de gestacado. A reducao da digestibilidade da fibra em detergente neutro em funcao do
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tempo de gestacdo ocorreu mais rapidamente do que da digestibilidade da matéria seca.
Os dados desse estudo sugerem que a reducao na digestibilidade ocorrida em funcéo do
tempo de gestagdo nas vacas alimentadas ad libitum tenha sido causada pelo aumento da
taxa de passagem, como fator compensatério para a reducdo do volume ruminal. Nao
foram observados efeitos da gestacdo sobre a producdo de N microbiano em vacas

Nelore.

Palavras-chave: Bos indicus consumo de matéria seca, gestacdo, nutrientes

digestiveis totais, Zebu
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INTRODUCTION

Pregnancy is the most complex physiological stage of a beef cow because several
modifications occur in the normal physiology status of the cow to support the formation
of a new individual of the specieBhese modifications may also affect the feed intake
and the dietary utilization ot&ds.

Simple stomach mammals increasealfintake during pregnancy to coincide with
the high nutritional requirements of large litters of simple fetuses (Forbes, 2007).
However, in ruminant animals, stomachs occupy a greater proportion of the abdominal
cavity and are more subject to compression effect than in non-ruminants. It is suggested
that cows may increase the voluntary feed intake in the middle gestation (Ingvartsen et
al., 1992), nonetheless there is noticeable reduction in feed intake in the final weeks of
pregnancy (Ingvartsen and Andersen, 2000).

Studies evaluating the effects of pregnancy on digestibility in cattle are limited
(Ivins, 1960 Lamberth, 1969Hanks et al., 1993). The relationship between feed intake
and digestibility in ruminants is well known (Conrad et al., 19Bdlucci et al., 1982
Edionwe and Owen, 1989) but the effects of pregnancy on this relationship remains
unclear, noticeably when consideriBgindicuscattle.

The objective of this experiment was to evaluate the effects of pregnancy and
feeding level on intake, digestibility and production of microlNain the rumen of

Nellore cows.
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MATERIALS AND METHODS

Animals

This study was conducted at the Federal University of Vigosa (Vicosa, MG,
Brazil), following the standard procedures for humane animal care and handling
according to the guidelines of Federal University of Vicosa (Brazil).

Forty-four multiparous Nellore cows with average initial body weight of 451 + 10
kg, age of 5.6 + 0.5 years and body condition score of 8.2 (1 to 9 scale) were used
in this study. Animals and reproductive management prior to the beginning of the
experiment has been already reported by by Gionbelli (2013). From the initial 44 cows,
32 were separated at random and hand mated with Nellore bulls to form the pregnant

group and the remained 12 cows were assigned to the non-pregnant group.

Diet and management

Cows were housed in pens (48 m?, 5-6 cows per pen) with a concrete floor, 15 m2
of covered area, andd libitum access to fresh water. Feed intake was measured
individually using an electronic head gate system (Kloppen Solu¢des Tecnoldgicas,
Pirassununga, SP, Brazil). Pregnant cows were at 47 = 3 d of gestation when the feeding
trial started.

All cows were fed the same diet twice daily (0700 and 1500 h) and segregated
into 2 groups according to level of feedingtGH (ad libitum) or LOW (restricted
feeding 1.2 times maintenance according to the NRC (restricted feeding 1.2 times
maintenance according to the NRC 2000). Sixteen pregnant and 5 non-pregnant cows
were fed HIGH level and 16 pregnant and 7 non-pregnant cows were LOW-fed. The

restricted feeding was estimated so that 1.2 times maintenance sustained pregnancy and
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the HIGH-fed allowed some maternal tissue storage. The cows had ad libitum access to
water.

The diet consisted of corn silage, ground corn, soybean meal, urea and mineral
mixture (Table 1). The feed supplied and the orts were recorded daily. Samples of co
silage and orts were taken daily and every week a composite sample was collected for
analyses. Samples of the ground corn and soybean meal were taken each time the
concentrate portion was mixed.

The cows used in this experiment were from a comparative slaughter experiment
in which part of cows was harvested throughout the experiment. The 32 pregnant cows
were separated at random into 4 groups of 8 cows each (4 cows per each feeding level)
and harvested at 136 = 1, 189 + 1, 239 £ 1 and 269 = 1 d of pregnancy. As such, the
evaluations were performed using 32 pregnant cows (16 of HIGH and 16 of LOW
feeding level) up to 136 d, 24 up to 189 d (12 HIGH and 12 LOW-fed), 16 up to 239 d
(8 HIGH and 8 LOW-fed) and 8 up to 269 d of gestation (4 HIGH and 4 LOW-fed).
The non-pregnant cows were harvested at different times of the experiment (85 to 216
days of feeding control) in order to keep them in experiment for a similar amount of

time as the pregnant caw

Dry matter intake

The amounts of provided feed and orts were measured and sampled daily, stored
at -20°C and weekly pooled for analyses. Thus, the data of dry matter intake for each
cow was obtained weekly. The dry matter intake in proportion of BW (g/kg) for each
cow was obtained at each period of fecal sampling, when cows were weighed. The
values of shrunk BWSBW) e SBW in pregnantSBW,) and non-pregnant condition

(SBW,p) were calculated according Gionbelli (2013).
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Digestibility

In vivo apparent total digestibility was estimated using indigestible NDF (iNDF)
as internal marker. Fecal samples were collected from each cow during 5 consecutive d
(at 1800, 1500, 1200, 0900 and 0600 h for the first to fifth d, respectively) in 9
collection periods. The interval between collection periods varied from 21 to 28 d. The
intervals were irregulars to permit a maximum number of collections for each cow
before harvest. Fecal samples (60 g of wet weight of each d of collection) were pooled
for each animal in each period and stored at -20°C for further analyses. Total tract DM,
OM, N, EE, NDF corrected for ash and proteMD{,p), NFC and GE apparent
digestibilities were estimated as the d¢omént of the total tract disappearance (intake

minus excretion) and intake.

Microbial N production

Microbial N synthesis was estimated by using the technique of the purine
derivatives in urine (Chen and Gomes, 1992). The spot sampling was used to assess the
excretion of urinary nitrogenous compounds (Valadares et al., 1999). Two spot samples
of urine were collected in each collection period at the second and the fifth d of fecal
sampling, at 1600 and 0800 h, respectively, as proposed by Pereira (2009). Urine
volume was estimated using creatinine concentration as a marker and assuming a daily
creatinine excretion (mg/d) of 37.88xSBW" (Santos et al., unpublished data). The
urinary concentrations of creatinine, allantoin and uric acid were obtained according to
George et al. (2006).

Excretion of the purine derivatives in urine was calculated by the sum of the

allantoin and uric acid excretions, which were obtained by the product between their
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concentrations in urine by the daily urinary volume. Absorbed purines were calculated

from the excretion of purine derivatives (Prates et al., 2012) as follows:

_ X —0.405x BW®™
0.99

Y

Eq. [1]

where Y = absorbed purines (mmol/d), X = excretion of purine derivates
(mmol/d), 0.99 = recovered absorbed purines. The 0.405 %'Bvitlue = endogenous
excretion of purine derivates. Ruminal synthesis of nitrogen compounds was calculated
as a function of the absorbed purines (Prates et al., 2012) as follows:

_ 70x X
0.93x 0.11x1000 Eq. [2]

where Y = ruminal synthesis of nitrogen compounds (N/d, g), X = absorbed
purines (mmol/day), 70 = purine N content (mgN/mol), 0.93 = purine digestibility and

0.11 = relation of purine N:total N of microorganisms.

Chemical analyses

All samples were lyophilized. Portions of 20 g of the samples were ground using a
Willey mill (TE-650, Tecnal, Piracicaba, SP, Brazil) to pass a 1 mm screamdbyses
of DM, ash, N, EE and NDF. Another portion of 20 g of each sample was ground to
pass a 2 mm screen for iINDF analisys (Casali et al., 2008). The DM was collected by
oven dryingat 100 °C for 18 hours (Method 934.01; AOAC, 2000). The ash content was
determined by 2-h incineration process in a 600 °C muffle furnace (Method 942.05;
AOAC, 2000). The CP content was calculated based on the N content multiplied by the
6.25 factor. The N content was calculated by Kjeldahl procedure (Method 920.87;
AOAC, 2000). Evaluation of th&E content was performed following the AOAC

method (Method 920.39; AOAC, 2000) using a Soxtherm 2000 extractor (Gerhardt
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Bonn, Germany) using petroleum ether similar to the procedure of Palmquist and
Jenkins (2003). The content of NDF was obtained according to method described by
Mertens (2002), with addition of sodium sulfite (Undersander et al., 1993) for analyses
of soybean meal, because of the gelatinization of the protein content. Ankom 200
system (Ankom, Macedon, NY) was used for the NDF evaluations, withstabht-o-
amylase addition and modification of the bag utilized (5.0 x 5.0 cm, Casali et al., 2009)
which was manufactured using nonwoven textile (100°)g/in all the sampls NDF
content was corrected for ash and protein. Non-fibrous carbohydrates were calculated as
suggested by Detmann and Valadares Filho (2010), where NFC =[{®TP - %CP
derived from urea + %urea) + NRf~+ EE + ash], where NQF = neutral detergent
fiber corrected for ash and protein. Gross energy was measured using an adiabatic bomb
calorimeter (C5001, IKA-Werke Co, Staufen, Germany).

For INDF analysis the samples were incubated in situ for 10 d (Casali et al., 2008)
in the rumen of 3 Holstein x Nellore cows that had ad libitum access to the same diet
used in the experiment. Residual samples were analyzed for the NDF concentration as

previously described.

Statistical Analysis

The procedure MIXED of SAS version 9.2 (SAS Inst. Inc., Cary, NC) was used to
evaluate the effects of feeding level and pregnancy on the studied variables, considering
also the effect of the collection periods, the repeated measures in the same animal, and
also the possible interactions between the mentioned factors. A previous evaluation of
the estimated TDN of the diet based in the chemical composition (Detmann et al., 2010)
revealed a significant variation between collection periods justifying the use of period of

measure as random effect in the model.
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The response variables were evaluated as follows:

Yik = U+ Fe+ u(G) + Bo(FXG) + o + &ijkl
where:

M = the overall mean

p1andp, = the regression coefficients

Fk = the fixed effect of feeding level

G, = the fixed effect of days of gestation

(FxG)w = the interaction between feeding level and days of gestation

S« = therandom error with mean 0 and variance 6%. The variance between cows
(subjects) within feeding level and days of gestation and it is equal to the covariance
between repeated measurements within cows

gjk = random error with the mean O and variance o2, the variance between
measurements within cows

Because the interval between collections periods varied the response variables are
considered to be measured irregularly. Under these circumstances a continuous-time
model was used to describe the covariances among the errors as proposed by Moser
(Moser, 2004). The spatial data covariance structures provided in PROC MIXED of
SAS was used. The spatial power was used as covariance function.

Least square means were estimated for feeding level. The value of 0.05 was

adopted as critical level of probability for occurrence of Type | error.

RESULTS
As result of the feeding levels applied, the final SBW was different (P=0.003)

among feeding level groups with average of 564 + 6 kg for HIGH-fed cows and 481 £ 5
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kg for LOW-fed cows. This was due to the difference of shrunk body weight daily gain
(SBG, P<0.001) among feeding level groups which was 0.86 + 0.04 kg/d for HIGH-fed
cows and 0.26 + 0.04 kg/d for LOW-fed cows. Additionally, comparisons within each
period of gestation evaluated showed that HIGH-fed cows had greater (P<0.001) SBG
than LOW-fed cows at all gestational periods evaluated. The complete results of weight
gain, body composition, and weight variation of body components and organs of cows

used in this study were presented by Gionbelli (2013).

Dry matter intake

A graphical representation of individual dry matter intake data of pregnant cows is
shown in Figure 1. Because the level of intake of LOW-fed cows was established the
interaction between feeding level and days of gestation should be significant so that the
effect of gestational age would significant. The interaction between feeding level and
days of pregnancy on the DMI presented as SBW proportion was sign{f4n018,
Table 2). The DMI reduced as proportion of SBWadanction of days of pregnancy.
To eliminate probable misinterpretation effects and to certify the true relationship
between the voluntary intake and days of gestation a new analysis was performed
removing the LOWfed cow’s information from the database and the feeding level from
the statistic model to check also the possible quadratic and cubic effects on DMI. Only
the linear parameter was significant (P=0.012, 0.522 and 0.739, respectively). Thus, the
DMI in Nellore cows fed ad libitum can be described as follows (based on functions
showed in Table)2

DMI (kg/d) = (16— 0.0093 x DP) / 1000 x SByWr,

DMI (kg/d) = (16.4- 0.0093 x DP) / 1000 x SBW
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Digestibility

Except for the NFC digestibility, the interaction between feeding level and days of
pregnancy was significant (P<0.05) for all the other constituents (Table 3). Except for
DM digestibility and TDN content there was a reduction in digestibility with increasing
gestation age in HIGH-fed cows, while the digestibility of LOW-fed increased with the
increase in days of pregnancy. The DM, OM, NPp&nd GE digestibility coefficients
were higher in LOW-fed cows (P<0.05). The EE digestibility was higher in HIGH-fed
cows than in LOW-fed cows (P=0.015).

Except for EE and NFC, the digestibilities of the other components of the diet as
well as the contents of TDN were affected by the pregnancy similarly to DM
digestibility in HIGH-fed cows. The relationship between the DM digestibility and

gestational age is graphically presented in Figure 2 including the functions of Table 3.

Microbial N production

There were no effects of days of pregnancyO(B80) and interaction between
feeding level and pregnancy>®368) on microbial N production and efficiency (Table
3). The microbial N production (g/d) was higher in HIGH-fed cows than in LOW-fed
cows (P<0.001). However, the efficiency of microbial N production by g of N intake,
kg of digestible organic matter intake and total digestible nutrients was higher in LOW-
fed cows (P=0.021, 0.051 and 0.041) than in HIGH-fed cows, probably due to higher
retention time and lower passage rate in restricted cows, allowing greater microbial

fermentation of feed.
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DISCUSSION
Dry matter intake

The voluntary DMI by BW unit observed for pregnant and non-pregnant cows
(Table 2) was lower than usually observed for growing and lactation Zebu animals
(Detmann et al., 2003). Using the data of the current study the energy requirements of a
510 kg BW cow (average of the current study) for maintenance and pregnancy at 135 or
270 d were estimated according to NRC (2000). When the energy requirements were
contrasted to the energy intake from the current diet, the observed energy intake of
LOW-fed cows was equal to 102, 98 and 67% of the estimated energy requirements
according to the NRC (2000) at 0, 135 and 270 d of pregnancy, respectively. In HIGH-
fed cows, the observed energy intake was equal to 168, 162 and 111% of the energy
requirements at the same times estimated for the previous group. In the current study
LOW-fed cows had a SBG of 0.26 kg/d (pregnant and non-pregnant) indicating that the
energy requirements of Zebu cows are probably lower than those suggested by NRC
(2000) based oB. tauruscows.

Previous studies suggest that the voluntary DMI in pregnant cows reduces in late
gestation (Lamberth, 1969ngvartsen et al., 1992Forbes, 1996 Ingvartsen and
Andersen, 2000). Ingvartsen et al. (1992) compiled data from 20 groups of pregnant
cows from 9 studies and observed variations on DMI in late gestation ranging from
increase of 0.2%/week to decrease of 9.4%/week. The same authors also reported that
pregnant heifers reduce the voluntary DMI in the last 14 weeks of gestation at a rate of
1.53%/week, and in about 30% in the last five days before parturition.

A reduction in the weight of rumen-reticulum and omasum due to increase in
gestation time was observed by Gionbelli (2013) using the same cows of the current

study. The authors also reported that the reduction of 8.18% observed on the weight of
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the rumen between 136 and 239 d of gestation is a reduction of approximately 37% in
volume (80.0 to 58.3 liters). This reduction is possibly caused by limited space. It has
been suggested that the compression of the rumen by gravid uterus and visceral fat
reduce the dry matter intake in late gestation in ruminant animals (Forbes, 2007). Forbes
(1968) observed drastic reduction in ruminal volume when ewes were slaughtered and
immediately frozen and then sawn in cross-sections, at various stages of gestation.
Although there has been a reduction in reticulum-rumen capacity, is important to note
that there is also increase of paunch girth to try reduce the effect of ruminal
compression. Bereskin and Touchberry (1967) reported that theaménisrease of up to

5 per cent in paunch girth of cows in late pregnancy.

The regulation of DMI in pregnant cows may present physical and physiological
factors which are not included in traditional patterns of regulation of feed intake in
ruminants (Fisher et al., 1987). These peculiarities, such as the influence of calf weight
on reduction of reticulum-rumen volume, the hormonal regulation of pregnancy, or the
homeorhetic mechanism of nutrient use, are difficult to model and are the main causes

of changes in voluntary intake observed in this physiological stage of cattle.

Digestibility

The HIGH-fed cows reduced the DM digestibility in function of gestational age
by one point percent at each 107 days (1/0.0093), corresponding to 2.7 percentile points
of difference between a non-pregnant and a pregnant cow at parturition (aprox. 290 days
of gestation for Nellore cows; Cavalcante et al., 260dcha et al., 2005). Ivins (1960)
suggested that digestibility coefficients are determined largely by the feed, whereas

other factors such as physiological states vary digestibility by up to six units only.
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It is suggested that the reduction of the digestibility as days of pregnancy
increased in HIGH-fed cows was possibly caused by an increase in the passage rate as
compensation factor for the ruminal volume reduction. Previous studies showed that the
passage rate is higher in the late gestation in cattle (Hanks et al., 1993) and sheep
(Coffey et al., 1989Gunter et al., 199Kaske and Groth, 1997). The greater reduction
in NDF,, digestibility (Table 3) is in agreement with this hypothesis. The JNDF
digestibility reduce by one point percent each 62 days (1/0.0161), that was almost twice
than in DM digestibility. In a study with cannulated pregnant and non-pregnant beef
cows Hanks et al. (1993) observed lower gastrointestinal retention times, ruminal
retention times, intestinal transit time and gastrointestinal fill for pregnant than non-
pregnant cows. On the other hand, the increase in the digestibility of LOW-fed cows
may be an effect of increase in efficiency of restricted cows with the increase in

pregnancy and the long time receiving low amounts of feed.

Microbial N production

Complex factors are involved with the ruminal microbial N production along with
the complication that there are great difficulties to measure it in a proper way (Dewhurst
et al., 2000). The availability and synchronization between energy and N in the rumen
have been recognized as the most important factors affecting microbial protein synthesi
(Russell et al., 1992).

Studies evaluating the direct effects of pregnancy on microbial N production were
not found in the literature. The variations in microbial N production during pregnancy
are probably related to effects of the feed. It is suggested that the greater mirobial
efficiency in LOW-fed cows is due to the higher ruminal retention time (Cherney et al.,

1991).
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In conditions where the passage rate is high, it is expected reduction in microbial
maintenance costs due to a reduction in the ruminal retention time. The passage rate is
function of level of dry matter intake. Thus, is usually assumed that the efficiency of
rumen microbial synthesis can be increased by increasing dry matter intake (Verbic,
2002). However, this assumption is mostly correct when the passage rate is increased or
decreased as a function of feed quality. In another words, when there is a positive
relationship between passage rate and digestibility of the feed. When the passage rate is
decreased by feed restriction, as in this study, it is suggested that the higher ruminal
retention time allows greater ruminal degradation of the feed and consequently greater

microbial N production by feed unit (Table 3).

CONCLUSION
The voluntary feed intake reduces as the pregnancy age increase in Nellore cows.
On the other hand the digestibility reduces linearly as the gestation increases in the
cows fed ad libitum. There are no direct effects of pregnancy on microbial N production

in Nellore cows.
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Figure captions

Figure 1. Relationship between dry matter intake and days of gestation. Data of sixteen

cows used in this study. The dots represent the weeks of evaluation

Figure 2. Relationship between dry matter digestibility and days of gestation. Full dots

and continuous line represents HIGH-fed cows. Empty dots and dashed line represents

LOW-fed cows. The lines fitted to data represent the functions showed in Table 2.
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Table 1. Ingredients and chemical composition of the diet

ltem Silage Concentrate Diet

Ingredient , % of DM

Corn Silage 100.0 - 84.3
Ground corn - 54.6 8.5
Soybean meal - 33.0 5.1
Urea - 7.3 1.2
Sodium chloride - 2.1 0.37
Ammonium sulfate - 1.5 0.25
Dicalcium phosphate - 1.3 0.23
Microminerals mixture - 0.17 0.028

Analyzed compositioh %

DM 28.0 89.2 37.6
oM 94.7 92.8 94.4
CP 7.8 44.1 13.5
EE 2.9 2.5 2.8
NDFap 45.8 8.2 39.9
iNDF 20.8 0.65 17.6
NDIN 38.2 7.0 11.4
NFC 38.2 53.0 40.6
TDN - - 66.6
GE (Mcal/kg) 3.82 3.49 3.77

1Zinc sulfate (56.3 %), manganese sulfate (26.2 %), copper sulfatedg),6p®tassium iodate (0.37 %), cobalt sulfate (0.23 %) and sodium selerité«0.1
2NDFap = neutral detergent fiber corrected to ash and protein, iINDF = indigestible neutra¢aetiéer and NFC = non fibrous carbohydrates.
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Table 2. Effects of feeding level and pregnancy on dry matter intake in Nellore cows

Variable Functions Feeding level P-valué
Low High FL DP FLxDP
DM, kg - 4.60+0.1€7.62 + 0.1€ <0.0010.779 0.286

Low ¥=10.1+0.3
High ¥ = 16.0 + 0.6- 0.0093 + 0.003 x D
Low ¥=10.2+0.4
High ¥ = 16.4 + 0.7- 0.0109 + 0.004 x D

DMI, g/kgSBW, 10.1+0.3 15.0+0.3 <0.0010.113 0.002

DMI, g/kgSBWip 10.2+0.4 15.3+0.4 <0.0010.168 0.018

FL= feeding level, DP = days of pregnancy and FLxDP = interaction betiseding level and days of pregnancy
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Table 3. Effects of feeding level and pregnancy on digestibility and microbial N production in Nellore cows

. . Feeding level P-valué
Y, | F
ariable unctions Low High FL _DP FLxDP
Digestibility
Low’ $=62.8+1.6
0,
DM, % High §=60.9+ 1.6 0.0093 + 0.005 x DP 62.8+1.6 59.9+1.6 0.047 0.112 0.002
Low® ¢ =65.5+1.6 + 0.0062 + 0.004 x DP
0,
OM, % High §=64.04 1.6 0.0102 £ 0.005 x DP 66.2+1.4 629+1.4  0.038 0.042 0.003
Nitrogenous Low $=66.3+1.6+0.0083+0.004 x DP
compounds, % High ¢ =66.3+ 1.6 0.0053 + 0.005 x DP 67115 657x16 0217 0722 0011
Low §=80.8+1.2 +0.0043 + 0.006 x DP
0
EE, % High §=83.2+12_ 00107 +0.006 x DP 822+0.9 821+0.9 0.015 0.101 0.044
Low $=51.0+1.7+0.0052 +0.007 x DP
0,
NDF,, % High §=46.3+ 17 00161 +0.008 x DP 51.5+1.4 446+14  0.045 <0.001 0.019
NFC, % - - 80.9+1.6 80.0%1.6 0.552 0.972 0.083
Low §=63.1+1.6 + 0.0069 + 0.004 x DP
0,
GE, % High § =615+ 1.6 0.0107 £ 0.005 x DP 63.8+15 603%15 0.035 0.032 0.002
Low® $=67.6+1.4
0,
TDN, % High = 66.0+ 1.6 0.0103 + 0.005 x DP 67.6+14 649+14  0.031 0.160 0.002
Microbial N production
Nmic, g/d - 496+31 744+32 <0.001 0.744 0.617
Nmic, g/gN - 495 +21 437 +22 0.021 0.616 0.835
Nmic, g/kgDOM - 17.7+0.6 16.7+0.6 0.051 0.180 0.368
Nmic, g/kgTDN - 16.7+0.6 17.9+0.6 0.049 0.196 0.399

lNDFap = neutral detergent fiber corrected for ash and protein, Nmic = microbial N@kt-Ddigestible organic matter.

%FL= feeding level, DP = days of pregnancy and FLxDP = interaction befeedimg level and days of pregnancy.

*The slope for days of pregnancy was not significant (P>0.10).
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CHAPTER 4

Energy and protein requirements for pregnant and non-pregnant Nellore cows

ABSTRACT: Fourty-nine adult Nellore cows (32 pregnant and 17 non-pregnant) with
average initial body weight of 451 + 10 kg were used in a comparative slaughter study
aiming to describe equations and relationships for prediction of net, metabolizable and
dietary energy and protein requirements for adult, pregnant and non-pregoant,
indicus cows. Feeding control was measured individually and cattle were fed either
HIGH (ad libitum) or LOW (restricted feeding 1.2 times maintenance according to the
NRC). The 32 pregnant cows were separated at random into 4 groups of 8 cows each (4
cows per each feeding level) and harvested at 136 + 1, 189 £ 1, 239 £ 1 and 269 + 1 d of
pregnancy. The non-pregnant cows were harvested at different times of the experiment
(85 to 216 days of feeding control) in order to keep them in experiment for a similar
amount of time as the pregnant cows. The digestible energy and N and losses of energy
as methane and urine were directly measured to establish the relations between GE, DE
and ME. Energy and N content were analyzed in empty body and pregnant compounds
and a set of relationships and equations based in the factorial method from ARC was
used to estimate the nutrient requirements of energy and N. The net energy and protein
requirements for pregnancy (MEnd NB) estimated in this study were about % of
those estimated by NRC. When estimated by a logistic model, the daily requirements
for pregnancy showed an exponential increase up to approx. 250 days of gestation and
then decreased. However, when an allometric model was used to estimate the daily
requirements for pregnancy, the maximum daily requirements were at birth. There were

no differences in the dynamics of energy and protein (P=0.388 and 0.137, respectively)
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in the cow’s empty body weight pregnant free (EBWpp) suggesting that the pregnancy
does not affect the requirements for accretion of body reserves in cows. The partial
efficiencies for use of metabolizable energy for maintenance, weight gain and
pregnancy Km, kg andk;) were respectively 70, 53 and 12%. The partial efficiencies for
use of metabolizable protein for maintenance, weight gain and pregranzyandz.)

were respectively 22, 22 and 5%, indicating that in mature cows the major portion of
metabolizable protein intake is not used for tissue accretion. The efficiency of

transformation of DE in ME was 0.80.

KEYWORDS: beef cattle, Bos indicus conceptus, metabolizable energy,
metabolizable protein
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RESUMO: Quarenta e nove vacas Nelore adultas (32 gestantes e 17 ndo gestantes) com
peso médio inicial de 451 + 10 kg foram usadas num experimento de abate comparativo
objetivando descrever equacdes e relagbes para predizer as exigéncias #quidas
metabolizdveis de energia e proteina para vacas zebuinas adultas, gestantes e nao
gestantes. O consumo de alimento foi mensurado individualmente, sendo as vacas
alimentadas com alto (ad libitum) ou baixo nivel alimentar (1,2 vezes a mantenca,
segundo o NRC). As 32 vacas gestantes foram separadas em 4 grupos com 8 vacas cada
(4 de cada nivel alimentar) e abatidas aos 136 + 1, 189 + 1, 28269+ 1 dias de
gestacdo. As vacas ndo gestantes foram abatidas em diferentes tempos de experimento
(85 a 216 dias de controle experimental) objetivando manté-las em experimento por
tempo semelhante as vacas gestantes. A energia e N digestivel, bem como as perdas de
energia na forma de metano e urina foram diretamente mensuradas para estabelecer as
relacdes entre energia bruta, energia digestivel e energia metabolizavel. Os contetdos
de energia e N foram diretamente analisados no corpo vazio e no componente gestacéo
das vacas. Um conjunto de equacdes e relacbes baseadas no método fatorial foi utilizado
para estimar as exigéncias nutricionais de energia e proteina. Os requerimentos liquidos
de energia e proteina para gestacaq €EPL;) estimados nesse estudo foram em média

¥ dos do NRC. Quando estimados por um modelo logistico, os requerimentos para
gestacdo aumentaram até aproximadamente 250 dias de gestacdo, e entdo reduziram.
Entretanto, quando estimados por modelos alométricos simples, os requerimentos para
gestacdo atingiram o maximo somente préximo ao parto. Ndo foram observadas
diferencas na dinamica de energia e proteina (P=0,388 e 0,137, respectivamente) no
corpo vazio da vaca livre do componente gestacéo, sugerindo que a gestacao nao afeta
as exigéncias nutricionais para acumulo de reservas corporais em vacas adultas. As

eficiéncias parciais de uso da energia metabolizavel para mantenca, ganho de peso e
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gestacaoky, kg e k;) foram, respectivamente, 70, 53 e 12%. As eficiéncias parciais de
uso da proteina metabolizavel para mantenga, ganho de peso e gemiagde %)

foram respectivamente 22, 22 e 5%, indicando que em vacas adultas grande parte da
proteina metabolizdvel ndo é recuperada na forma de tecidos. A eficiéncia de

transformacao da energia digestivel em energia metabolizavel foi 0,80.

Palavras-chave:abate comparativd3os indicus energia metabolizavel, gado de corte,

proteina metabolizavel
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INTRODUCTION

Meeting the nutritional requirements for pregnant beef cows is important to
ensure an adequate supply of nutrients for growth and development of the fetus.
Likewise, it is also important to ensure to cow an appropriate body condition at
parturition, lactation, and the beginning of a new pregnancy in about 90 days.

According to Ritchie (1995) 71% of the total energy spent in the beef production
cycle is used for maintenance. About 70% of this energy is used for maintenance of the
breeding herd. Therefore, 50% of the energy used in beef production is used for the
maintenance of cows. Thus, variations in feed efficiency of these groups of animals
have great impact on the production cycle.

Studies using comparative slaughter to estimate the nutrient requirements of
pregnant cows are limited. The main feeding systems (ARC, 1980; AFRC, 1993; NRC,
2000; INRA, 2007; CSIRO, 2007) have their recommendations based on a few works of
in indirect estimates and adjustments of values obtained from experiments with sheep.
No studies about nutrient requirements of pregnan8psindicuscattle are available.

The weight and chemical composition of fetus and gravid uterus are the main
determinants of nutritional requirements for pregnancy. The breed or genotype of the
bull and cow are the most influential factors on calf weight at birh (Andersen e Plum,
1965). Considerable differences are observed in the chemical composiBomdicus
(Fonseca, 2009) arBos tauruscalves (Cano, 1995) at birth.

The objective of this study was to describe equations and relationships for
prediction of net, metabolizable and dietary energy and protein requirements for adult,

pregnant and non-pregnant, Nellore cows.
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MATERIALS AND METHODS

This study was conducted at the Federal University of Vigosa (Vigosa, MG,
Brazil), following the standard procedures for humane animal care and handling

according to the guidelines of Federal University of Vicosa (Brazil).

Animals

Forty-nine multiparous Nellore cows with average initial body weight of 451 + 10
kg, age of 5.6 = 0.5 years and body condition score ot4D4& (1 to 9 scale) were
obtained from Federal University of Vicosa herd and commercial sources. Animals
were from an experiment reported by Gionbelli et al. (2013). From the initially 49 cows,
32 were separated at random and hand mated with Nellore bulls to form the pregnant
group. Twelve cows were separated at random and assigned to the non-pregnant group

and the 5 remaining cows were designated as the baseline group and harvested.

Diet and management

Cows were housed in pens (48 m2, 6 cows per pen) with a concrete floor, 15 m2 of
covered area, an@d libitum access to fresh water. Feed intake was measured
individually using an electronic head gate system (Kloppen Solu¢cbes Tecnoldgicas,
Pirassununga, SP, Brazil). Bred cows were at 47 + 3 d of gestation when the feeding
trial started.

All cows were fed the same diet twice daily (0700 and 1500 h) and segregated
into 2 groups according to level of feeding, eithédfGH (ad libitum) or LOW
(restricted feeding 1.2 times maintenance according to the NRC). Sixteen pregnant and

5 non-pregnant cows were fed HIGH level and 16 pregnant and 7 non-pregnant cows
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were LOW-fed. The restricted feeding was estimated so that 1.2 times maintenance
sustained pregnancy and the HIGH-fed allowed some maternal tissue storage. The diet
consisted of corn silage, ground corn, soybean meal, urea and mineral mixture (Table
1).

The 32 pregnant cows were separated at random into 4 groups of 8 cows each (4
cows per each feeding level) and harvested at 136 £ 1, 189 £ 1, 239 + 1 and 269 + 1 d of
pregnancy. The nopregnant cows were harvested at different times of the experiment
(85 to 216 days of feeding control) in order to keep them in experiment for a similar
amount of time as the pregnant cows. The baseline cows were harvested on d O of the
experiment after the end of the adaptation period and were used to estimate the initial

chemical composition of the cows in the experiment.

Digestible energy and N
The amount of DE an digestible N of the diet was estimated as tHecmoefof

the total tract disappearance (intake minus excretion) and intake of GE and N. Daily
fecal excretion was estimated using indigestible NDF (iNDF) as an internal marker
(Lippke et al., 1986) of the digesta. Fecal samples were collected from each cow during
5 consecutive d (at 1800, 1500, 1200, 0900 and 0600 h for the first to fifth d,

respectively) in 9 collection periods. Fecal samples (60 g of wet weight of each d of
collection) were pooled for each animal in each period and stored at -20°C for

subsequent analyses.

Urinary energy and nitrogen
Two spot samples of urine were collected from each cow in the same periods of

fecal collection at the second and the fifth d of fecal sampling, at 1600 and 0800 h,
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respectively. Urine volume was estimated using creatinine concentration as a marker
and assuming a daily creatinine excretion (mg/d) of 37.88xX8BW(Santos et al.,

unpublished data). The urinary concentrations of creatinine, allantoin and uric acid were
obtained according George et al. (2006). Urine samples were stored at -20°C for

subsequent analyses of GE and N.

Methane production

A trial to estimate the methane emissions was performed using 5 (3 maintenance
and 2 ad libitum) cows with 561 = 67 (477 to 639) kg of shrunk body weight and 188 *
58 (131 to 260) days of pregnancy. The trial was performed during the experiment and
cows were fed with the same diet in the normal conditions of the experiment. Cows
were transferred to individual pens (4&,mooncrete floor, 15 mof covered area),
mobile feeders were introduced in the pen and the access to the automatic feeders was
temporarily restricted.

The Sk tracer technique was used to measure methane emissions (Johnson et al.,
1994). Seven days before the beginning of measurements a brass permeation tube (12.5
x 40 mm) that released utra-pures 3B a rate of 3.47 mg/d was placed in the rumen of
each animal using a polyvinylchloride probe placed in the esophagus of the cows. The
trial was performed 10 days before slaughter so that the brass permeation tubes could be
recovered at slaughter. Four day before the beginning of measurements each cow was
fitted with a halter and extension tugging to draw air from the nostril area into an
evacuated polyvinylchloridiead canister that was attached to the animal’s neck for gas
sampling. All canisters were removed each day at the same time to collect gas samples.

Technical information of the equipment, sampling, methane andaS&yses and
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methane emission calculations were the same that those described by Beauchemin et al.

(2012).

Body condition score

Body condition scoreBCS) were assessed on a scale ranging from 1 = severely
emaciated to 9 = very obese (Nicholson and Butterworth, 1986; Richards et al., 1986)
with 0.5 of partial scoring and were determined by observation and palpation. The trial
for determining the BCS of each cow was performed before harvest by two observers in
a double-blind scheme. Each observer did not know the result of the evaluation of the
other, and there was calculated the average score or performed a new evaluation if the

scores of the two evaluators were far more than 1.5 points.

Animal harvest and sampling

Pre-harvest animal care and handling procedures followed the Sanitary and
Industrial Inspection Regulation for Animal Origin Products (Brasil, 1997). Before
harvest, feed was withheld from animals for 16 h, but theydthdibitum access to
water the entire time. Harvest was performed by electrical stunning followed by
exsanguination.

At harvest, udders were removed along with the portion of hide that covered the
udder. Udders were weighed, ground, and samples were taken for chemical analyses.
The Uterus were severed at the cervix and collected for analyses. The gravid uterus was
weighed and dissected into the fetus, the uterus and ovaries, and the placenta and fetal
fluids (allantoic and amniotic fluids). All of the gravid uterus components were
individually weighed and the weights of the fetal fluids were calculated by difference.

Samples of fetal fluids were collected for chemical analyses. All of other components of
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the gravid uterus were ground in a bowl cutter (Refere Inox, Chapeco, SC, Brazil) and
sampled for gross energy and N analyses.

The cow’s whole body was segregated into head, legs, hide, organs and viscera,
blood and carcass (lean, fat and bone). The grouping of all components of whole body
after the wash of the digestive tract constituted the pregnant empty body By, (
including udder and gravid uterus of pregnhant cows) or the empty body WeBWAL, (
for non-pregnant cows). The EBW in a non-pregnant condit®B\\(,p) of pregnant
cows was calculated according Gionbelli et al. (2013). All of non-carcass compounds
(head, members, blood, hide, organs and viscera) were ground and one sample was
taken for chemical composition analyses. The carcasses were weighed and chilled in a
cold chamber (4 °C) for 24 h. After chilling, the carcasses were weighed and separated
into bone and soft tissue (lean and fat). All carcass tissues were ground, grouped and
sampled for chemical composition analyses. The soft tissues components were ground
using a bowl cutter and the rigid tissues were ground initially in a industrial grinder, and
after in a bowl cutter. The homogenization and the grouping to make the carcass and
non-carcass composite samples also were performed using a bowl cutter. All samples

were stored frozen (-80 °C) until chemical analyses could be performed.

Chemical analyses

All samples were lyophilized. The feed, orts and feces samples were ground using
a Willey mill (TE-650, Tecnal, Piracicaba, SP, Brazil) to pass a 1 mm screen. The
samples of animal tissues were frozen-powdered using liquid nitrogen and a blender.
The DM was collected by oven drying at 100 °C for 18 hours (Method 934.01; AOAC,
2000). The CP content was calculated based on the N content multiplied by the 6.25

factor. The N content was calculated by Kjeldahl procedure (Method 920.87; AOAC,
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2000). Gross energy was measured using an adiabatic bomb calorimeter (C5001, IKA-
Werke Co, Staufen, Germany). For iNDF analysis, the samples of feed, orts and feces
were incubated in situ for 10 d (Casali et al., 2008) in the rumen of 3 HolsteinxNellore
cows that had ad libitum access ttee same diet used in the experiment. Residual
samples were analyzed for the NDF. The NDF content was obtained according to
method described by Van Soest et al. (1991), with addition of sodium sulfite
(Undersander et al., 1993) for analyses of soybean meal, because of the gelatinization of
the protein content. Ankom 200 system (Ankom, Macedon, NY) was used for the NDF
evaluations, with heatable a-amylase addition and modification of the bag utilized
(5.0 x 5.0 cm, 100 um porosity, Casali et al, 2009), which was manufactured using
nonwoven fabric tissue (100 g/nIn all the samples NDF content was corrected for

ash and protein.

Metabolizable energy and protein intake

Metabolizable energy intakeMEl) was calculated by the DE intake minus
urinary and gaseous energy losses. Metabolizable protein ini&ké (vas estimated as
the intake of digestible microbial protein plus the ruminal undegradable prBigi).(
We assumed that the microbial crude protein contains 80% of amino acids and a small
intestine digestibility of 80% (NRC, 2000). A fixed value of 80% was also used for the
digestibility of RUP in the small intestine (Marcondes et al. 2010). The values of
digestible organic matter and microbial protein production for cows of this study were

obtained from Gionbelli et al. (2018c
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Nutrient requirements calculations

To estimate the recovered amounts of energy andREN gnd RN) related to
pregnancy and cows body tissues we adopted the concept of pregnant compound
(PREG) presented by Gionbelli et al. (2013). The PREG represents the amount of some
component that is genuinely related to pregnancy, that includes the gravid uterus minus
the non-pregnant uterus plus the accretion in udder related to pregnancy. Thus, the
recovered amounts of energy and N in the cow’s tissues free from pregnancy (CT) are
the amounts in carcass, offal, hide, blood, head, feet, udder, plus the non-pregnant
uterus minus the accretion in udder related to pregnancy. The recovered amounts of
energy and N in the whole cow’s body (WB) are then the sum of CT and PREG. The
concept of PREG does not address, however, the possible variations that occur in the
other cow’s body components as bone, muscle, adipose tissue and offal. These
variations, though actually happen due to the homeorhetic effect (Hammond, 1947) are
extremely difficult to modelling.

The nutrient requirements of energy and N for pregnant and non-pregnant Nellore
cows were estimated using factorial procedures (ARC, 1965). A complete description of
the relationships and abbreviations used is described in Table 2. Details and discussion
about the equations used are made along with the presentation of the results. The energy

terms were based in NRC (1981) recommendations.

Statistical Procedures

The procedures REG and GLM of SAS (SAS version 9.2, SAS Inst. Inc., Cary,
NC) were used to estimate the regression parameters of linear functions. Parameters for
nonlinear functions were estimated using the Gauss-Newton method in NLIN or

NLMIXED procedures of SAS. When appropriate, the degrees of freedom were
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adjusted using the Kenward-Roger method. The value of 0.05 was adopted as critical
level of probability for occurrence of Type | error. Probability levels between @@5 a
0.10 were discussed as tendency.

The basic mathematical model used to estimate the dynamics of recovered energy
or N in PREG in function of time of pregnancy was of the logistic form, similar to

Koong (1975):

RC, =RG, x U+, xDIP+f;xBCH=DIP ]

whereRGC, = the recovered component (energy or N) in the pregnant compoupd; RC
the recovered component (energy or N) in the pregnant compound on day O of
pregnancy, DIP = days in preghancy and BCS = body condition score.

Alternatively, the dynamics of recovered energy or N in PREG in function of time

of pregnancy were adjusted to an allometric non-linear model as follow:
RC, = 3, x DIP”: [2]

where RG = the recovered component (energy or N) in the pregnant compound and
DIP = days in pregnancy.

The mathematic model used to estimate the dynamics of udder energy and N in
function of gestational age was based in the work of Fadel (2004), as a segmented non-

linear model with a period of staticity followed by an exponential model, as follow:

a. IfDIP < BO thenUD = SBWp X Bl % BCSBZ
3]
b. If DIP > B then UD = SBW,, x B, x BCS™ x glBx(DP-By )]

where: DIP = days in pregnancy, UD = udder energy or N content (kg),,s>8W
shrunk body weight of a cow in non-pregnant condition (kg) and BCS = body condition
score. The paramet8&, represents the moment in which the energy or N content of the

udder starts to increase in function of days of pregnancy. The maotelused to
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estimate the energy or N content of the udder of non-pregnant cows and therwse of
b model is used to pregnant cows depending on the vallgsaod DIP.

The equations to predict methane emissions and urinary energy or N were made
using a mixed model (MIXED procedure of SAS) that included the fixed effect of
energy, N or dry matter intake, the random effect of animal, and the repeated effect of
day (methane) or period (urinary energy and N). Because the interval between
collections periods varied the urinary energy and N are considered to be measured
irregularly. Under these circumstances a continuous-time model was used to describe
the covariances among the errors as proposed by Moser (2004). The spatial data
covariance structures provided in PROC MIXED of SAS was used. The spatial power

was used as covariance function. Parameters were considered significant at P<0.10.

Model evaluations

When two or more models were generated to predict the same variable, the choice
of the best model was based on Akaike information criterion (AIC). The AIC is a
procedure to identify the best fit to the model, which consider the number of parameters
and make the evaluation free from ambiguities associated with conventional hypothesis
testing (Akaike, 1974). The AIC was estimated as follows (Kaps & Lamberson, 2004):

AIC =n x l0og(SRedn) +2 x p [4]

were SRes = residual mean squane = the number of observations and p = the number
of parameters of the model.

To verify the effect of pregnancy on dynamics of non-pregnant tissues functions
from pregnant and non-pregnant dataset were predicted using the same model. For each
function, anF-ratio was calculated to test whether estimation of parameters specific to

each physiological group significantly improved fit of the data relative to estimation of
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parameters from a pooled data set, ignoring the pregnancy effect. The test statistic was

as follows:

- _ (RSS — RSS, - RSS,) /(Rdf, — Ry, - Ralf,)
(RSSy + RSS,») /(Rdf, + Rdf,,)

where RSS represents residual sums of squares and Rdf denotes residual degrees of
freedom; the subscripts P, PR and NP indicated pooled model, pregnant and non-
pregnant cows, respectively. R-value for the F distribution was used to evaluate if
single model was inappropriate and that the dynamics of traits differs between
physiological status.

For predicted functions, the deviations of the predicted from observed values were
regressed as function of the predicted values using the REG procedure of SAS. Model
was considered feasible wh@p and 1 were not different from zero (P>0.05). The
significance of the means of the deviations between observed and predicted values was
evaluated using the MEANS procedure of SAS and the model was considered feasible
when the mean was not different from zero (P>0.05).

To verify the effectiveness of the generated models, the observed values were
regressed in function of predicted values and the hypothesigothad andp; = 1 was
evaluated (Mayer et al., 1994). When appropriate, the mean square error of prediction
(MSEP, Bibby and Toutenburg, 1977) and the partition of sources of variation of
MSEP (Theil, 1961) were also evaluated. These statistics were calculated using the
Model Evaluation System (MES, v.3.0.1, http://nutritionmodels.tamu.edu/mes.htm) as

proposed by Tedeschi (2006).
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RESULTS AND DISCUSSION

Recovered energy in pregnant compound and in empty body

The recovered energy or N related to the pregnamiy, (and RNp) were
estimated based on the theoretical assumption that the togahfRERN are the
amounts of energy and N in the gravid uterus o(Rierusand RNyraviduterud €SS the
amounts in the non-pregnant uterus (that would be present even cow was non-pregnant)
plus the accretion observed in udder due to pregnancy (i.e. the difference in amounts of
energy and N in udder between a pregnant and non-pregnant cow with the same
SBWp).

Data from the 17 non-pregnant cows were used to predict the recovered energy
and N in the non-pregnant uterus plus ovafitiS,uterus BNARNnpputerus). The procedure
of SAS did not converge when BCS was included in the model. The non-linear
relationship was better than linear relationship (AIC = 61.1 vs 62.REafuerusand
14.9 vs 16.3 foRNnputerud to predict REputerusaNd RNputerusfrom the SBW,,.

REnputerus= 0.470120.6 x SB\j! 138720205 -
RNhputerus= 0.00030920.0004 x SBW\H /37602444 -

where REpuerus = recovered energy in non-pregnant uterus (kcaBRNputerus =
recovered N in non-pregnant uterus (g) &8BW, = shrunk body weight in a non-
pregnant condition (kg).

The use of days in pregnancy in the model to describe the recovered energy in the
udder REyqder) Showed no improvement. Although udders of pregnant cows increase in
fresh weight in late gestation (P<0.10) there was no significant increase (P=0.35) in
energy content of the udder (Mcal) with the increase of gestation in cows of this study

(Gionbelli et al., 2013a). Thus we conclude that the dynamics that occur in udder during
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pregnancy do not affect the energy requirements for pregnancy. Nevertheless a model
was generated to predict the Rf&: The use of SBW, showed better AIC (95.2) than

the use of SBW (95.8) in the model. Inclusion of BCS beyond the ,sB8M/improved

the model (AIC = 96.4) and was not used.

RE.dder= 9.6+1.61 x SBW,1.293940.2675 [7]

whereREqqer = recovered energy in udder (kcal) eBBW,, = shrunk body weight in a
non-pregnant condition (kg).

The recovered N in uddeRNyqder) presented a relationship with the SBW and an
exponential increase due to gestation after 238 days of pregnancy. The point where
RNudder Start to increase due to pregnancy was the same found by Gionbelli et al.
(2013Db) for the udder fresh weight. The use of SBWWstead SBW improve the model
(AIC = -158.7 vs -163.5) and the linear relationship with SBvesented better AIC (-
163.5) than non-linear relationship (-161.5) because the use of 3 parameters instead 4.
Based on the model to prediBiN,qqer the RNygger that occur due to the pregnancy

(RNudderpp) Was calculated as follows:

If DIP<238 therRN,gger= 0.000164+000006& SBW,

If DIP>238 thenRN,qger= 0.000164+000006 x SBYYx exf® 01630005 [8]
x DIP)

then,
If DIP>238 thenRN,aderop = 0.000164 x SBW x exg® %163 * PP)_ [9]
0.000164 x SBVW

where RN,qqer = recovered N in udder (g5BW, = shrunk body weight in a non-
pregnant condition (kgRIP = days in pregnancy amN,qqerop = recovered N in udder
due to the pregnancy (kg).

Based on the equations [5] and [6] the amount&RBfyuterus aNd RNputerus Of
pregnant cows were subtracted from the gravid uterus and added to recovered energy

and N in empty bodyREe, andRNgp), and based on Eq. [9] the amounts of RNop
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was subtracted fronRNg, of pregnant cows that were harvested after 238 days of
gestation and added into the RiNduterusto form theRE, and RN. Summarily the way
to calculate REandRN, can be described as follows:

RE,; = REyraviduterus— REnputerusand

If DIP < 238 than RIN= RNyraviduterus— RNnputerusO’,

If DIP > 238 than RN= RNyraviduterus— RNnputerust RNudderop

At the same time, the recovered energy and N in the whole body minus the
pregnant compound are defined as recovered energy and N in cow’s tissues (RE and
RN and were calculated for pregnant cows as follows:

RE: = REeh + RNnputerusand

If DIP < 238 than RN = RNep + RNqputerusOr,

If DIP > 238 than RN = RNep + RNhputerus— RNudderop

Because was an effect of feeding level on the weight of gravid uterus at 269 d of
gestation in the cows of this study (Gionbelli et al., 2013a) the data from LOW-fed
cows were removed from the dataset to estimate the net requirements of pregnancy. The
non-linear logistic model (Eq. [1]) was which best fitted to desdRBg Although the
inclusion of BCS in the model reduced the error sum of squares in 11%, the AIC
increased from 36.6 to 36.8 because the increase of number of parameters. This means
that BCS has some influence RE,. Gionbelli et al. (2013b) observed significant effect
of BCS on gravid uterus fresh weight. The both models, with (Eq. [10]) or without BCS
(Eqg. [11) were then adjusted. In both cases the regression of deviations of the predicted
from observed values as function of the predicted values was not significant (P=0.578
and 0.539 fof, and 0.659 and 0.627 @i for Eq. [10] and Eq. [11], respectivelyhe
mean of the deviations between observed and predicted values was also not different

from zero (P=0.730 and 0.703 for Eq. [10] and Eq. [11], respectively

163



REp = 0.277740.7206 x ex(ﬁ).0776lﬂ).02197 0.000131140.000046 x DIP +

0.000154540.000127 x BCS) x DIP) [10]

RE) = 0.4444+1.1460 x ex(ﬁ).07365ﬂ10217— 0.000118640.000046 x DIP) x DIP) [11]

whereRE, = recovered energy in pregnant compound (K&, = days in pregnancy
andBCS= body condition score.

The RE and RN were highly correlated (Figure 1) and because of this the same
characteristics observed modeling REere observed modeling BNThus, models

including (Eqg. [12]) or not including BCS (Eq. [13]) were fitted.

R’\b = 0.0199940.0474 x e)&S).0684110.02017 0.0001102#0.00083 x DIP +

0.000101840.000122 x BCS) x DIP) [12]

Rl\b = 0.02713+0.0629 x e%&.06583ﬂﬂ.967 0.0001020+0.000041 x DIP) x DIP) [13]

whereRN, = recovered N in pregnant compound @)P = days in pregnancy amCS
= body condition score.

Alternatively, allometric non-linear models (Eq.[2]) were fitted to the daRNf
andRN, (Eq. [14] and [15]). Inclusion of BCS in the models showed lack of fit and was
not used. Residuals analysis of Eq. [14] and [15] showed adequate fit. The residuals
means of both functions (-0.144 for Eq. [14] and -2.94 for Eq. [15]) were not different
from zero (P=0.807 and P=0.828, respectively). The intercept and slope of residuals in
function of predicted values of Eq. [14] and [15] were not different from 0 (P=0.682 and
716 for the intercepts and P=0.740 and 769 for the slopes, for Eq. [14] and [15],

respectively).

RN. = 0.000000013666 +0.000000062D|p3 8585 £0-3310 [14]

RN, = 0.0000003421 +0.0000006 D|p38°°0+0-3093 [15]

The average predicted calf birth weight in this study was 28 kg. The Eq. [11],

[13], [14] and [15] can be scaled for different expected calf birth weight. The Eq. [10]
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and Eq. [12] were not scaled for calf birth weight because the BCS included in the

model is suggested to be related to calf birth weight.

RE, = 0.01587 x calf birth weighk exg(®-073¢> 00001186 x DIP) x DIF) [16]
RN: = 0.0000000004881x D[P [17]
RN, = 0.000969x calf birth weight xexg(®-06°83 0-0001020 xDIP) x DIF) [18]
RN, = 0.0000000122% DIP>%°*° [19]

where RE, = recovered energy in pregnant compound (kdaN, = recovered N in
pregnant compound (g) amdP = days in pregnancy.

The models to describe the REBnd RN; as function of EBWnp are described in
Eq. [20] and Eq. [21]. The F-test was performed between functions estimated based on
data from pregnant and non-pregnant cows and showed no effect of pregnancy on the
RE; (P=0.388) and RN (P=0.137). Thus, we concluded that the pregnancy does not

affect the dynamics of energy accretion in maternal tissues.

RE. = 0.073140.0540 x EB\4-°08+0-120 [20]

RNyt = 58.0512.26 x EBVy, 80400344 [21]
where RE;; = recovered energy in cow’s body tissues (Mcal), RN;; = recovered N in
cow’s body tissues (g) and EBW,, = empty body weight in a non-pregnant condition.

In both RE; and RN; the regression of deviations of the predicted from observed
values as function of the predicted values was not significant (P=0.838 and 0.8g9 for
and 0.876 and 0.918 fgh for Eq. [20] and Eq. [21], respectivelylhe mean of the
deviations between observed and predicted values was also not different from zero

(P=0.890 and 0.891 for Eq. [20] and Eq. [21], respectively).
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Net requirementsfor pregnancy
The net requirements of energy and N for pregnamdlg, (and NN,) were

obtained from the first derivative of Eq. [16] to [19], as follows:

NE, = calf birth weightx (0.001169- 0.000003764 x DIP)xexg®°7%%

—0.0001186 x DIP) x DIP) [22]

NE, = calf birth weight x 0.000000001883x Dff*** [23]

NN, = calf birth weight x (0.00006378- 0.0000001977 x DIP) x [24]
expj(©-06583-0.0001020 x DIP) x DIP)

NE, = calf birth weight x 0.00000004710x DfF>>° [25]
wereNE, = net energy requirements for pregnancy (kcaMiy, = net N requirements
for pregnancy (g/d) anDIP = days in pregnancy.

Considering the nutrient requirements from 100 to 280 d of gestation, the total the
NE, estimated foB. indicuscattle are about % (74% using logistic model of Eq. [22]
and 75% using allometric model of Eq. [23]) than those estimated by NRC (2000). The
proportions, however, varied throughout the gestation (Figure 2 and Figure 3). fhe NE
and NN, estimated by logistic model increased throughout the gestation till 252 and 246
days of gestation, respectively, and then start to decrease, differently from the estimated
by the allometric functions (Eq. [23] and [25]) and from those observed in study of
Ferrell et al. (1976a) when the maximum rate of deposition of energy and N were after

birth.

Net requirements for weight gain
The net requirements of energy and protein for weight délfy GandNPg) were

firstly obtained from the first derivative of Eq. [20] and Eq. [21], as follows:

NE; = rEBG x 0.1176 x EBW,>°%%* [26]
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NPy = rEBG x 313.6 x EBW,>**>° [27]

whereNEy; = net requirement of energy for gain (Mcal/t)Py = net requirement of
protein for gain (g9/d)EBW,, = empty body weight in a non-pregnant condition and
rEBG = real empty body gain (kg/d).

Net energy for weight gain was also estimated as a function of FB%and

rEBG similar NRC (2000) and BR-CORTE (Valadares Filho et al., 2010), as follows:

NEg = 0.1063+0.0464 x EBW’ " x rEBG” 30201023 [28]

whereNE; = net requirement of energy for gain (Mcal/BBW,, = empty body weight
in a non-pregnant condition and rEBG = real empty body gain (kg/d).
Net protein for weight gain was also estimated as function of EBWand rEBG

or as function of Nand rEBG (NRC, 2000), as follows:

NPy = 1.3431+0.0975 x EBW’ " x rEBG-2%*10167 [29]

NPy = 208+17 x rEBG- 2.14+0.48 x NE [30]
whereNPy = net requirement of protein for gain (g/8BW, = empty body weight in a
non-pregnant conditioNE; = net requirement of energy for gain (Mcal/d) and rEBG =

real empty body gain (kg/d).

Energy requirements for maintenance
The net energy for maintenance (Bvas estimated as the intercept of HP in

function of MEI using only data from non-pregnant cows, as follows:

HP = 72.3749.64 x ex[)™! * 0.003110.00094) [31]

whereHP = heat production (kcal/EBWd) and MEI = metabolizable energy intake

(kcal/EBWP-"¥d). Thus, the NE can be calculated as follows:

NE, = 72.37 x EBW"° [32]
whereNE;, = net energy for maintenance (kcal/d) &®BW= empty body weight.
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The requirements of metabolizable energy for maintenance,\MEere
calculated by iteration of Eq. [31] to the point that MEI = HP. The value obtained for

ME,, was 103.5 kcal/EBW~d. Thus, the ME can be calculated as follows:

MEn = 103.5 x EBW"° [33]
where ME;, = metabolizable energy for maintenance (kcal/d) BB¥W = empty body
weight.

The partial efficiency of use of metabolizable energy for maintendggemas
then obtained as the ratio of NE ME, that was 72.37 / 103.5 = 0.I&’s difficult to
modeling the metabolizable requirements for maintenance in pregnant cows. As the
same way of Ferrell et al. (1976) we assumed thatktheoes not vary between
pregnant and non-pregnant cows. Robinson et al. (1980) suggest&d ithgregnant

animals is similar to other categories.

Protein requirements for maintenance and efficiency of use of metabolizable protein
for weight gain

The net protein for maintenance (yRvas considered the intercept of the;RP
regressed as function of metabolizable protein intake (MPI). The F-test showed no
differences (P=0.324) between pregnant and non-pregnant cows for the parameters of
the model. Thus, we concluded that the pregnancy does not affect the dynamics of

protein usage for basal metabolism in Nellore cows.

RP, = -66.9431.7 + 0.215520.0501 x MPI [34]

whereRP;; = net recovered protein in cow’s body tissues (g/d) and MPI = metabolizable
protein intake (g/d). To estimate the N#Pe intercept (66.9) was divided by de average
EBW of the cows used to fit the function (66.9 / 422.4 = 0.158). ThydiN&) = 0.158

x EBW.
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The predicted function (Eq. [34howed a lower slope (0.2155), which means
that adult cows have lower efficiency to transform metabolizable protein into net protein
(zg). This probably occurs due to mature cows had lower accretion of protein in gain
than growing cattle, as visualized by the efficiency to transform metabolizable protein
into net protein presented in BR-CORTE (Marcondes et al., 2010).

The metabolizable protein for maintenance (yWas obtained by iteration of
Eq. [34] to the point thaRP; was equal to zero. The obtained value was 310.6 (g/d).
This value was divided by the average EBW (422.4) of cows used in the model to
obtain the value of MR, which was: MR, (g/d) = 0.735 x EBW. The use of this way to
calculate the values of NPand MR, assumes that the efficiency of use of

metabolizable protein for maintenaneg)(is equal taz;, which was 0.2155.

Metabolizable energy for weight gain
The partial efficiency of use of metabolizable energy for weight danwas
estimated as the slope of netREcal/EBW-"Yd) as function of MEI (kcal/EBW~/d)

using only data from non-pregnant cows, as follows:

RE. = -63.5+13.9 + 0.529240.0813 x ME [35]

where RE; = net recovered energy in cows tissues (kcal/BBW) and MEI =
metabolizable energy intake (kcal/EBWId). The slope of 0.5292 was usedkggo
predict the requirements of metabolizable energy for weight gain)(ME the relation

of MEg = NE, / k.

Metabolizable protein for weight gain
The value of metabolizable requirements of protein for weight gain is obtained by

the division of the NP(Eq. [29] and [30]) by the, (slope of Eq. [34]
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Metabolizable energy for pregnancy

The partial efficiency of use of metabolizable energy for pregnakgyw@as
estimated assuming thiat = NE, / (MEI — ME;, — MEg) and using in dataset only data
of pregnant cows. The MEwas estimated for each cow using Eq. [33]. The individuals
estimative ok; were very variables. Thus, to estimate the average valietbk daily
amounts ofNE,, MEI, ME;,, and MEgy (Mcal/d) were added, generating the following
computation:

ke = NE, / (MEI - MEp, — MEy)

ke =2.67 / (490.39- 316.82- 151.42)

ke=2.67/22.15

k.=0.1205

The value of 12% for efficiency of use of metabolizable energy for pregnancy is
very close to efficiency of 14% found by Ferrell et al. (1976) and adopted by NRC
(2000). It’s suggested that the lower value of k; is due to the higher level of metabolism
of the placenta. According to Graham (1964) and ARC (1980) the vakgasofisually
higher in sheep (about 20%) than cattle, with has an average of 13%. The second model

proposed to estimatg (k.2 in Table 2) showed lack of fit (P=0.656) and was not used.

Metabolizable protein for pregnancy

The partial efficiency of use of metabolizable protein for pregnamgywas
estimated by the same way which was used to estkpal@us, assuming that = NB,
I (MPI — MPy, — MPg) and using in dataset only data of pregnant cows. Thg WH3

estimated for each cow usiiPr, (g/d) = 0.735 x EBW, as described previously. Thus,
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to estimate the average valuezgfthe daily amounts of NPMPI, MP,, and MR, (g/d)
were added, generating the following computation:

Z: = NPy / (MPl— MPy, — MPy)

Z.=65.83 / (17892.29 14817.28- 1775.96)

z: = 65.83/ 1299.05

z. = 0.0507

The efficiency of use of metabolizable protein for pregnancy was weryziow (
5%). The low value may be result of an extensive metabolism of protein in the gravid
uterus. It’s suggested that in late gestation about 55% of the energy used by gravid
uterus is provided as amino acids (Bell et al., 2005) beyond those which are used to
form protein. We suggest that the value of 5%z0is correct because there is some
physiologic foundation. The second model proposed to estimai®, in Table 2)

showed lack of fit (P=0.600) and was not used.

Methane production

The methane production of cows ranged from 106.6 L/d (77.3 g/d or 944 kcal/d)
to 200.4 L/d (145.3 g/d or 1774 kcal/d) in this study. This represents from 5.27 to 9.29
percent of the gross energy ingested and from 8.92 to 14.9 percent of digestible energy
ingested. The methane production was 124 (+ 37) L/d for maintenance cows afd 165 (
48) L/d for cows fed ad libitum. The use ofg3€chnique appeared to be a high variable
technique to estimate methane production when compared to the use of closed-circuit
respiration equipment (Blaxter and Clapperton, 1965) and open-circuit respiration boxes
(Freetly and Nienaber, 1998). High variability usings S¥as also reported in other

studies (Beauchemin et al., 2012; Pinares-Patifio et al., 2011).
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Equations [36] to [46] were developed to predict methane production of cows
(Table 3. Due to number of animals used in this study there was not possible to
estimate possible effects of pregnancy on methane production. As the intake of energy
increases it can be observed decrease in energy lost as methane in proportion of ingested
energy in agreement of a meta-analysis from 207 cattle diets (Ramin and Huhtanen,
2013). The average methane production for LOW and HIGH-fed cows in this
experiment (4.60 and 7.62 kg/d of DMI, respectively, Gionbelli et al., 2013c) was 133
and 172 L/d. The predicted methane production using Ramin and Huhtanen (2013)
equation was 178 and 229 L/d.

Although the equations presented in Table 3 are very useful for practical use, no
variables were significant to model the energy lost as methane as percentage of the DE
intake. Thus, we estimated the mean of this proportion, which was 11.31+0.81 % of DE.
This estimative was slightly greater than the average of values reported in previous

studies (Blaxter, 1969; Blaxter and Clapperton, 1965).

Urinary energy losses

Even urinary energy losses (UE) have been evaluated in each cow at different
times of pregnancy and at different feeding levels; we did not found significant
relationship with variables to modeling the UE (% of DE). The proportion of DE lost as
energy in urine was 8.45+0.74%. This value is within the range suggested by Blaxter

and Clapperton (1966).

Efficiency of transformation of DE in ME
Using the percentages of DE that are lost as methane and urine (11.31 and 8.45%)

we estimated the efficiency of transformation of DE in ME, which was:
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EM /DE = (100- UE- EE) / 100

EM/DE = (100- 8.45- 11.31) / 100

EM / DE = (80.24) / 100

EM / DE = 0.8024

This means that about 20% of DE is lost as methane and urine. The value of
0.8024 is similar to the value of 0.82 commonly adopted by almost all feeding systems.
Hence, we suggest the adoption of 0.8024 as efficiency of transformation of DE in ME

in B. indicuscattle.

Total metabolizable requirements

Based in the assumptions showed in Table 2 and in equations previous described
the total metabolizable energy requirements (TME, Mcal/d) for pregnant and non-
pregnant cows, at different BW and accumulating or not body reserves were estimated
(Table 4). The partitioning of metabolizable energy requirements of a 450 kg BW cow
is showed in Figure 4. The same path can be traced to calculate the total metabolizable

protein requirements (TMP).
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Table 1. Ingredients and chemical composition of the diet

ltem Silage Concentrate Diet

Ingredient , % of DM

Corn Silage 100.0 - 84.3
Ground corn - 54.6 8.5
Soybean meal - 33.0 5.1
Urea - 7.3 1.2
Sodium chloride - 2.1 0.37
Ammonium sulfate - 1.5 0.25
Dicalcium phosphate - 1.3 0.23
Microminerals mixture - 0.17 0.028

Analyzed compositioh %

DM 28.0 89.2 37.6
oM 94.7 92.8 94.4
CP 7.8 44.1 13.5
EE 2.9 2.5 2.8
NDFap 45.8 8.2 39.9
iNDF 20.8 0.65 17.6
NDIN 38.2 7.0 11.4
NFC 38.2 53.0 40.6
TDN - - 66.6
GE (Mcal/kg) 3.82 3.49 3.77

1Zinc sulfate (56.3 %), manganese sulfate (26.2 %), copper sulfatedg),6p®tassium iodate (0.37 %), cobalt sulfate (0.23 %) and sodium selerité«0.1
2NDFap = neutral detergent fiber corrected to ash and protein, iINDF = indigestible neutra¢aetiéer and NFC = non fibrous carbohydrates.

178



Table 2. Partitioning of nutritional requirements by the factorial method and description of the abbreviations used in this study

Recovered Net Metabolizable Digestible
Maintenance
NE;, = f(EBW"") MEn= f(EBW"
MEn = NEn/ kn
) NPm = fo of (RR/d)=LotS1xMPI MPm = fo of MPI=po+51xrEBG
MPm = NR,/ zy, DE =TME /q
g= (GEUE-EE)/GE
Pregnancy TDN = DE / 4.409
RE, = f(DIP) NE, = first derivative of RE ME, = NE, / ke
k1= NE,/ (MEI - MEy, — MEy)
k;z = (1/ﬁ2) of ME|:ﬁo+ﬁ1XREct+ﬂ2XREp
RN, = f(DIP) NP, = first derivative of RIN MP, = NR,/ z

REq = f(EBWiy)

RNt = f(EBWyp)

TRE = RE + REy
TRN = RN, +
Rth

Weight gain

NE, = first derivative of Rk
NEy = f(EBWp, ">, TEBG)

NPy = first derivative of RIx6.25

NPy = f(EBWn, ", rEBG)
NPy = f(NEq, rEBG)

Total

1= NPy / (MPI—MPy, — MPy)
Z2 = (1/85) Of MPI=fo+B1xRPu+BoxRP,

MEg = NE,/ kg
ky = p1 of (RE/d)=Bo+B1xMEI
MPy = NP, / z
zy = p1 of (RR/d)=Bo+S1xMPI

TME = ME, + ME, + ME,
TMP = MP,, + MP, + MP,

RDP = 1.11xPmic
RUP = ((TMP-
(Pmicx0.64))/0.8
CP = RDP + RUP
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Abbreviations: CP = crude protein, DE = digestible energy, DIP = days in pregnancy, EBW = empty body weight &8ty body weight
in a non-pregnant condition, EE = methane energy, GE = gross ekergartial efficiency of use of metabolizable energy for pregnagey,
partial efficiency of use of metabolizable energy for gk partial efficiency of use of metabolizable energy for maintenaég =
metabolizable energy for gain, MEI = metabolizable energy intdkg, = metabolizable energy for maintenaniik, = metabolizable energy
for pregnancyMPgy = metabolizable protein for gain, MPI = metabolizable protein intdig, = metabolizable protein for maintenanbt®, =
metabolizable protein for pregnandy¥fy = net energy for gaillEy, = net energy for maintenandefz, = net energy for pregnandyP, = net
protein for gainNPy, = net protein for maintenandgP, = net protein for pregnancy, Pmic = microbial protegir, metabolizability of energy,
RDP = ruminal degradable protein, rEBG = real empty body &din,= recovered energy in cow body tissURE, = recovered energy in
pregnant compoundRNc; = recovered N in cow body tissuddiN, = recovered N in pregnant compouR; = recovered protein in cow body
tissues, RUP = ruminal undegradable protein, TDN = total digestible nutrients, TME = total metabolizable energy, TMP = total metabc
protein, TRE = total recovered energy, TRN = total recovered N, UE = urinary energyartial efficiency of use of metabolizable protein fc
pregnancyz, = partial efficiency of use of metabolizable protein for gain znd partial efficiency of use of protein for maintenance
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Table 3. Methane production models

Statistics

Equation$ . P-value  Equation number
n RMSE r

Methane, L/d = 70.% 24.2** + 0.00385¢ 0.001** x GEI 15 21.6 0.478 0.002 [36]
Methane, L/d = 54.% 29.8* + 0.00774 0.003** x DEI 15 21.6 0.476  0.002 [37]
Methane, L/d = 74.6 21.7** + 0.0128+ 0.004*** x DMI 15 21.7 0.472 <0.001 [38]
Methane, g/d = 51.2 17.5** + 0.00279 0.001** x GEI 15 15.6 0.479 0.002 [39]
Methane, g/d = 39.5 21.6* + 0.00561 0.002** x DEI 15 15.6 0.476  0.003 [40]
Methane, g/d = 54.2 15.7** + 0.00926+ 0.003*** x DMI 15 15.7 0.472 <0.001 [41]
Methane, kcal/d = 626 214** + 0.0341+ 0.01** x GEI 15 191 0.478 0.002 [42]
Methane, kcal/d = 488 264* + 0.0685+ 0.02** x DEI 15 192 0.476  0.002 [43]
Methane, kcal/d = 668 192** + 0.113+ 0.03*** x DMI 15 192 0.472 <0.001 [44]
Methane, kcal/100kcalGEI = 9.6851.53*** — 0.00014+ 0.00008* x GEI 15 1.15 0.391 0.110 [45]
Methane, kcal/100kcalDEI = 14£2.74*** — 0.0003+ 0.0002* x DEI 15 1.81 0.212 0.025 [46]

'GEI = gross energy intake, kcal/d; DEI = digestible energy intake, kcal/d; Divi matter intake, g/d; Values within parentheses are SE of the parameter estimate;
*P<0.10; *P<0.05; P<0.01; RMSE = Root-mean-square error.
“Estimations are safe only between 9,327 and 33,688 kcal/d oB@BB and 18,850 kcal/d of DEI and 2,501 and 9,828 g/d\if D
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Table 4. Example of metabolizable energy requirements for pregnant and non-pregnant Nellore cows at different situations

Gestation, BW, [rEBG, SBW, EBW,, PREG, NE;S, NE, ME" ME,, ME; ME, TME? TME’,
d kg kg/d kg kg kg Mcal/d Mcal/d Mcal/d Mcal/d Mcal/ld Mcal/ld Mcal/d Mcal/d

0 400 - 387.7 351.3 - - - - - - 8.40 8.40 8.40

0 550 - 538.3 489.6 - - - - - - 10.77 1077  10.77
250 400 - 387.7 3179 365 041 0.40 3.41 3.35 - 8.45 1187 11.81
250 550 - 538.3 456.1 365 041 0.40 3.41 3.35 - 10.82 1423  14.17

0 400 05 3877 3513 - - - - - 9.32 8.40  17.72  17.72

0 550 0.5 5383 489.6 - - - - - 11.96  10.77 22.73  22.73
250 400 05 3877 3179 365 041 0.40 3.41 3.35 8.65 8.45 2052  20.46
250 550 0.5 5383 4561 365 041 0.40 3.41 335 11.34 10.82 2558 2552

#Using logistic function to estimate NE
®Using allometric function to estimate NE
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Figure captions

Figure 1. Relationship between energy and nitrogen in cow tissues and pregnant

compound of pregnant and non-pregnant Nellore cows

Figure 2. Net energy requirements for pregnancy estimated in this study and by NRC

(2000) for a calf weight at birth of 28 kg

Figure 3. Net energy requirements for pregnancy estimated in this study in proportion

(%) of estimated by NRC (2000) f&. tauruscattle for an calf weight at birth of 28 kg

Figure 4. lllustration of the partitioning of total metabolizable energy requirements for

a 450 kg BW cow with a rEBG of 0.3 kg/d. Estimated calf birth weight = 30 kg.
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Figure 2
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Figure 4
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APPENDIX
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Data presented in this Appendix are public and available for use in collaborative studies citing the correct source. Additional information may be obtained
by contacting the following emails. mateus@zootecnista.com.br or scvfilho@ufv.br

Table 1.# = cow code, Treat = treatment (High or Low feeding level, B = baseline group¥ @dlys in pregnancy at slaughter, iBW = initial body weight
(kg), iISBW = initial shrunk body weight (kg), IEBW = initial empty body weight (kg), fBWnal body weight (kg), fSBW = final shrunk body weight (kg),
fEBW = final empty body weight (kg), DEXP = days in experiment (feeding control)§iBhitial body condition score, fBCS = final body condition score.
All remaining variables are in kg.

# | Treat| DIP | iBW |isBW | iEBW | fBW | fsBwW | fEBW | DEXP | iBCS| BCs| NOM | carcass Udder| CraVd Utims Fetus| Placentd Fluids
carcass Uterus Ovaries

1 | High | 240 515,0| 495,0| 446,4 | 656,0| 647,0| 602,0| 204 | 50 | 80 |182,25| 384,15| 4,77 | 30,87 | 6,19 |17,84| 1,14 | 5,70
2 | High| 0 [446,5] 435,0] 391,6]542,0| 535,5| 496,2| 122 | 45 | 6,0 | 169,52| 320,00| 591 | - 0,73 | - - ]

3 | High | 189 486,0| 470,0| 423,5| 616,0| 605,5| 550,4| 145 | 50 | 8,0 | 178,52| 353,75| 3,67 | 14,42 | 3,49 | 6,66| 1,21 | 3,06
4] B | o [596,0]588,0]507,2]596,0 588,0| 507,2] 0 | 45 | 45 | 164,11] 338,35| 4,17 | - 062 | - - ]

5 | Low | 139|444,8| 432,5| 389,4| - |4775| 442,0| 122 | 45 | 45 | 135,81] 289,30| 4,51 | 12,33] 3,30 | 1,61| 048 | 6,95
6 | Low | 234|450,0] 439,0] 395,3| - |480,0] 432,8| 185 | 4,5 | 5,0 | 122,11] 266,55| 3,65 | 40,50 | 8,96 |21,51] 1,24 | 879
7 | Low| 0 [5205]508,0| 458,2| - |531,5|478,7| 185 | 40 | 45 | 158,10| 316,10| 3,83 | - 071 | - - ]

8 | High | 269]503,0| 486,0| 438,1|625,5| 623,5| 583,6| 204 | 50 | 6,5 | 172,91| 357,15| 5,92 | 47,62| 8,69 |27,51] 1,79 | 9,63
9| Low| 0 |5130]/509,0]459,1| - |[5315|4844| 85 | 80 | 80 |154,62] 323,60| 576 | - 042 | - - -

10| High | 265|529,0| 516,0| 465,5| 710,0] 701,0| 653,6| 216 | 6,5 | 8,0 | 203,88 382,15| 9,32 | 58,22 | 10,29 [33,27| 1,61 | 13,04
11| Low | 138]612,1| 601,0| 543,2| - [641,0( 572,1| 122 | 50 | 55 | 161,63| 393,65| 557 | 11,28| 3,01 | 1,78| 041 | 6,08
12| Low | 269 460,0| 449,0| 404,4| - |4925| 456,9| 216 | 45 | 5,0 | 137,15 278,25| 3,59 | 37,93| 646 |21,70 1,25 | 8,53
13| High | 189] 393,0| 377,0| 338,8|452,5| 447,5| 407,1| 143 | 4,0 | 55 | 132,31| 256,95| 3,69 | 14,14| 3,15 | 551| 1,02 | 4,45
14| Low | 272 424,0| 414,0| 3725| - |466,5| 4340| 227 | 35 | 4,0 | 123,43] 260,75| 4,03 | 4584 834 [27,50] 1,28 | 8,63
15| Low | 135/ 426,0| 417,0| 375,2| - |434,0|394,1] 78 | 355 | 4,0 | 124,00 259,20 3,48 | 7,46 | 1,94 | 1,47| 044 | 3,61
16| High | 191 418,0| 407,0| 366,1|548,0| 545,5| 497,3| 145 | 50 | 7,0 | 163,85| 311,95| 4,45 | 17,01| 3,59 | 7,70| 1,09 | 4,63
17| Low | 188|471,0| 460,0| 414,4| - | 4535|4191 126 | 40 | 45 | 133,72 270,00 5,15 | 1023| 217 |530| 039 | 2,37
18| Low | 266 388,0| 372,0| 334,3| - |457,0| 423,8| 229 | 35 | 55 |123,86| 252,25| 4,12 | 4357 | 7,82 2567 1,25 | 8,82
19| High | 236 535,0| 522,0| 471,0|692,0 688,0| 624,7| 185 | 6,0 | 7,5 | 187,16| 394,80 5,15 | 37,56 | 6,85 |20,10] 1,64 | 8,97
20| High | 140 576,0| 565,0| 510,3| 623,5| 618,5| 564,2| 90 | 7,0 | 7,5 | 194,54| 355,95| 3,93 | 9,81 | 2,84 | 202| 0,71 | 4,24
21| High| 0 |504,0] 484,0| 436,3] 600,0| 588,0| 546,1| 145 | 4,0 | 6,0 | 175,03| 363,30| 7,06 | - 0,76 | - - -
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22| Low | 240|551,0] 535,0| 482,9| - 610,5| 574,0| 196 | 4,0 | 6,0 | 148,36 379,00| 4,33 | 42,33| 9,51 2194 141 9,46
23| Low | O |563,0] 550,0| 496,6| - 622,0| 562,6| 216 | 5,0 | 6,0 | 169,53| 387,22| 5,12 - 0,75 - - -
24| Low | 269|397,3| 385,0| 346,1| - 478,5| 452,6| 262 | 3,5 | 50 | 131,81 27/4,50| 5,81 | 40,43| 7,97 22,69 1,25 8,52
26| High | 268| 373,0| 363,5| 326,6| 583,5| 573,5| 538,3| 215 | 4,0 | 7,5 | 147,84| 325,70| 6,87 | 57,91 | 10,38 | 31,60 1,94 | 13,99
27| Low | 241|337,0{ 329,0| 295,2| - 384,0) 361,7| 181 | 3,0 | 4,0 |110,41] 222,55| 2,47 | 26,25| 5,08 | 13,99 1,05 6,13
28| Low | 190| 418,8| 406,5| 365,7| - 460,0| 422,3| 153 | 50 | 55 |122,19| 274,77| 4,34 | 20,98| 4,40 | 809 | 0,91 7,58
29| High| 0 |327,0/ 313,5| 281,1|373,5| 366,5| 341,4| 85 3,5 | 45 |116,09| 221,05| 3,75 - 0,50 - - -
30| B 0 [303,0] 299,0| 269,1|303,0| 299,0| 269,1| O 3,0 | 3,0 | 93,50 | 173,65| 1,66 - 0,33 - - -
31| High | 134| 443,0| 430,0| 387,1|509,5| 490,0| 451,1| 97 50| 6,0 |128,29| 311,80| 5,00 | 6,00 1,60 | 1,17 0,37 2,87
32| High| 0 |470,0| 450,5| 405,8|554,5| 546,0| 478,8| 85 45 | 6,5 |161,84| 312,15| 3,91 - 0,88 - - -
33| Low | O |461,0{ 440,0| 396,2| - 454,0| 417,4| 97 50 | 50 |128,77| 284,35| 3,81 - 0,50 - - -
34| B 0 [455,0] 437,0| 389,4|455,0/ 437,01 3894 O 4,5 | 4,5 |132,50| 253,00| 3,29 - 0,59 - - -
35| High | 270| 421,0| 405,0| 364,3| 630,5| 617,5| 577,5| 218 | 4,0 | 8,0 | 148,86| 377,40| 7,84 | 43,37 | 6,91 |26,53] 1,24 | 8,70
37| Low | 192]428,0{ 412,0| 370,7| - 464,0| 405,6| 162 | 3,0 | 45 | 128,01] 254,80| 4,43 | 1836| 4,36 | 7,11 | 0,74 | 6,14
38| Low | 239|487,0] 465,0| 419,0| - 537,0) 485,1| 197 | 55 | 6,0 | 134,19| 307,70 3,64 | 39,58 | 7,06 |22,69] 1,19 8,64
39| High | 191 424,5| 414,5| 373,0| 545,0| 536,5| 497,4| 156 | 5,0 | 6,5 | 151,86| 329,10| 4,06 | 12,37 | 2,48 | 6,00| 0,80 | 3,08
40| High | 240| 400,5| 380,5| 342,0|534,5| 526,5| 483,0] 172 | 45 | 7,0 | 146,68| 300,64| 3,79 | 31,86 | 5,09 |19,84] 1,12 5,80
41| Low | 0 ]439,0/417,0| 375,2| - 440,5| 397,4| 97 50 | 55 |129,69| 263,70| 3,63 - 0,40 - - -
42| High | 240| 436,0| 417,5| 375,7|586,0| 572,0| 528,2| 172 | 50 | 7,5 | 154,15| 328,05| 7,51 | 38,46 | 6,98 |21,34] 1,35 8,79
43| Low | 0 |365,0] 351,0| 315,2| - 394,01 352,2| 118 | 2,5 | 3,5 | 118,65| 229,40| 3,70 - 0,48 - - -
44| Low | 0 [405,5]392,5|352,9| - 407,0| 357,4| 85 3,5 | 3,5 |115,88]| 237,15| 3,82 - 0,59 - - -
45| High| 0 |412,0| 400,5| 360,2|545,0| 539,0| 495,4| 140 | 3,5 | 5,5 | 155,46| 335,70| 3,75 - 0,48 - - -
46| B 0 |461,0| 448,0| 397,2|461,0| 448,0| 397,2| O 4,5 | 4,5 |132,73] 260,55| 3,33 - 0,57 - - -
47| B 0 |460,0| 450,5| 396,3|460,0| 450,5| 396,3| O 4,5 | 4,5 |130,57| 262,90| 2,41 - 0,47 - - -
48| High | 130/ 412,0| 402,5| 362,0| 502,0| 499,0| 439,0] 74 4,0 | 55 |150,94| 274,20| 5,44 | 8,38 1,88 | 099 | 0,44 | 5,07
49| Low | 185|432,0| 428,0| 385,3| - 438,0| 387,8| 85 45 | 45 ]129,32| 244,10| 2,68 | 1166 | 3,24 | 425| 0,61 | 3,56
50| Low | 134| 386,0| 377,0| 338,8| - 401,5| 366,3| 99 3,5 | 4,0 | 120,28]| 235,20| 2,57 | 8,22 219 | 1,34| 043 | 4,26
51| High | 135 405,0| 405,0| 364,3| 516,5| 508,5| 452,2| 85 4,0 | 55 |152,57| 286,90| 4,62 | 8,07 211 | 164| 0,50 | 3,81
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Table 2.# = cow code, SFT = subcutaneous fat thickness, DMI = dry matter intake, DUdp = gravid utertisnadae pregnancy (kg), PREG = pregnant
compound (kg), SBWnp = non-pregnant shrunk body weight (kg), EBWnp = non-pregnant eoptydight (kg), aDG = average daily gain (kg/day), aSBG
= average shrunk body gain (kg/day), aEBG = average empty body gain (kg/d&y)st®Bal empty body gain (kg), rSBG = real shrunk body gain (kg/day)
and rEBG = real empty body gain (kg/day).

# | SFT (mm) Loin area (crf) | DMI (kg/day) | DMI (g/kg SBW/day)| GUd@ | PREG' | SBWn@ | EBWn( | aDG | aSBG| aEBG| tEBG | rSBG | rEBG
1 9,70 70,03 8,61 15,08 30,13 | 30,24 | 616,76 | 571,79 | 0,69| 0,75 | 0,76 | 155,68 0,60 | 0,61
2 10,71 61,49 8,11 16,72 - - 535,50 | 496,15 |0,78| 0,82 | 0,86 | 104,52 0,82 | 0,86
3 12,84 68,75 8,44 15,69 13,71 13,71 | 591,79 | 536,65 | 0,90 0,93 | 0,87 | 126,82| 0,84 | 0,78
4 5,20 62,04 - - - - 588,00 | 507,25 | - - - - - -

5 9,24 63,90 4,07 8,94 11,77 | 11,77 | 465,73 | 430,18 - 0,37 | 0,43 | 52,60| 0,27 | 0,33
6 10,33 63,46 4,80 10,44 39,97 | 39,97 | 440,03 | 392,83 - 0,22 | 0,20 | 37,52 | 0,01 | -0,01
7 3,66 62,14 5,56 10,69 - - 531,50 | 478,74 - 0,13 | 0,11 | 20,52 | 0,13 | 0,11
8 14,40 68,38 7,36 13,27 46,93 | 48,91 | 574,59 | 534,69 | 0,60| 0,67 | 0,71 | 145,45 0,43 | 0,47
9 12,06 69,12 5,55 10,66 - - 531,50 | 484,41 - 0,26 | 0,30 | 25,28 | 0,26 | 0,30
10| 13,45 70,93 8,19 13,47 57,45| 59,41 | 641,59 | 594,15 |0,84| 0,86 | 0,87 | 188,04/ 0,58 | 0,60
11 5,68 65,28 4,90 7,89 10,52 | 10,52 | 630,48 | 561,61 | - 0,33 | 0,24 | 28,92 | 0,24 | 0,15
12 9,78 56,51 4,81 10,21 37,39 | 38,87 | 453,63 | 418,05 - 0,20 | 0,24 | 52,52 | 0,02 | 0,06
13 6,04 59,53 7,34 17,80 13,62 | 13,62 | 433,88 | 393,47 |0,42| 0,49 | 0,48 | 68,26 | 0,40 | 0,38
14 6,24 59,57 4,72 10,72 45,34 | 46,80 | 419,70 | 387,24 | - 0,23 | 0,27 | 61,54 | 0,03 | 0,06
15 3,10 53,51 5,37 12,62 6,95 | 6,95 | 427,05 | 387,18 | - 0,22 | 0,24 | 18,90| 0,13 | 0,15
16| 12,75 80,53 8,27 17,36 16,38 | 16,38 | 529,12 | 480,88 | 0,90 0,96 | 0,90 | 131,13 0,84 | 0,79
17 5,85 50,66 5,52 12,09 9,70 | 9,70 | 443,80 | 409,40 | - -0,05| 0,04 | 4,67 | -0,13 | -0,04
18 3,88 57,60 4,47 10,78 43,07 | 44,29 | 412,71 | 379,51 - 0,37 | 0,39 | 89,52 | 0,18 | 0,20
19 7,09 74,22 8,18 13,53 36,78 | 36,78 | 651,22 | 587,89 | 0,85| 0,90 | 0,83 | 153,67 0,70 | 0,63
201 15,34 82,10 8,06 13,61 9,08 9,08 | 609,42 | 555,15 |0,53| 0,59 | 0,60 | 53,94 | 0,49 | 0,50
21 6,62 76,02 8,27 15,43 - - 588,00 | 546,14 | 0,66| 0,72 | 0,76 | 109,83 0,72 | 0,76
22 5,51 76,70 5,28 9,22 41,65 | 41,74 | 568,76 | 532,27 - 0,39 | 0,47 | 91,14 | 0,17 | 0,25
23 5,56 89,55 5,05 8,62 - - 622,00 | 562,62 - 0,33 | 0,31 | 66,04 | 0,33 | 0,31
24 6,90 58,62 3,99 9,23 39,91 | 41,33 | 437,17 | 411,22 | - 0,36 | 0,41 | 106,45/ 0,20 | 0,25
26| 11,53 61,22 7,44 15,89 57,29 | 59,04 | 514,46 | 479,27 | 0,98| 0,98 | 0,98 | 211,76/ 0,70 | 0,71
27 3,69 57,66 4,43 12,43 25,82 | 25,91 | 358,09 | 335,77 - 0,30 | 0,37 | 66,47 | 0,16 | 0,22
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28| 4,85 58,93 4,65 10,74 2045| 20,45 | 439,55 | 401,82 | - 0,35| 0,37 | 56,59 | 0,22 | 0,24
29| 4,98 57,90 6,47 19,04 - - 366,50 | 341,39 |0,55]| 0,62 | 0,71 | 60,26 | 0,62 | 0,71
30/ 1,80 52,69 - - - - 299,00 | 269,13 | - - - - - -

31| 10,61 72,00 6,74 14,65 5,42 | 5,42 | 484,58 | 445,67 | 0,69| 0,62 | 0,66 | 64,01 | 0,56 | 0,60
32| 12,54 60,70 8,93 17,93 - - 546,00 | 478,79 /0,99| 1,12 | 0,86 | 73,03| 1,12 | 0,86
33| 5,49 77,65 5,20 11,63 - - 454,00 | 417,43 | - 0,14 | 0,22 | 21,23 | 0,14 | 0,22
34| 3,25 50,31 - - - - 437,00 | 389,37 | - - - - - -

35| 13,81 67,49 7,94 15,54 42,68 | 44,82 | 572,68 | 532,65 |0,96| 0,97 | 0,98 | 213,16 0,77 | 0,77
37| 4,08 52,14 4,63 10,56 17,83 | 17,83 | 446,17 | 387,77 | - 032] 0,22 ] 3491| 0,21 | 0,11
38| 5,77 68,28 4,86 9,71 38,98 | 39,02 | 497,98 | 446,09 | - 0,37| 0,34 | 66,12 | 0,17 | 0,14
39| 12,27 85,58 7,08 14,89 11,74 | 11,74 | 524,76 | 485,65 |0,77| 0,78 | 0,80 | 124,43| 0,71 | 0,72
40| 8,70 63,90 6,72 14,82 31,27 | 31,35| 495,15| 451,61 |0,78] 0,85 | 0,82 | 140,95 0,67 | 0,64
41| 5,12 64,08 4,87 11,35 - - 440,50 | 397,42 | - 0,24 | 0,23 | 22,19 | 0,24 | 0,23
42| 8,37 75,74 7,28 14,71 37,82 | 37,92 | 534,08 | 490,25 |0,87| 0,90 | 0,89 | 152,47| 0,68 | 0,67
43| 2,21 52,52 5,18 13,91 - - 394,00 | 352,22 | - 0,36 | 0,31 | 37,03| 0,36 | 0,31
44| 2,18 53,38 4,90 12,25 - - 407,00 | 357,43 | - 0,17 0,05 | 450 | 0,17 | 0,05
45| 7,10 71,21 8,12 17,29 - - 539,00 | 495,39 |0,95]| 0,99 | 0,97 | 135,18 0,99 | 0,97
46| 6,70 48,53 - - - - 448,00 | 397,18 | - - - - - -

47| 4,41 59,57 - - - - 450,50 | 396,34 | - - - - - -

48| 5,06 70,42 9,24 20,50 7,79 | 7,79 | 491,21 | 431,16 |1,22| 1,30 | 1,04 | 76,92 | 1,20 | 0,93
49| 4,70 56,59 4,76 10,99 11,15| 11,15 | 426,85 | 376,61 | - 0,12 | 0,03 | 2,50 | -0,01 | -0,10
50| 3,18 51,96 5,43 13,96 7,75 | 7,75 | 393,75 | 358,52 | - 0,25| 0,28 | 27,44 | 0,17 | 0,20
51| 5,72 55,91 8,17 17,89 747 | 7,47 | 501,03 | 44469 |1,31| 1,22 | 1,03 | 87/,85| 1,13 | 0,95

®See chapter 2.
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Table 3. All variables measured at slaughter. # = cow code, N-NC = non-carcass nitrogen (kg), Ne&ss o@rogen (kg), N-Ut = uterus nitrogen (kg), N-Ud

= udder nitrogen (kg), EE-NC = non-carcass ether extract (kg), EE-C = cattvasexract (kg), EE-Ut = uterus ether extract (kg), EE-Ud = udder ether
extract (kg), A-NC = non-carcass ash (kg), A-C = carcass ash (kg), A-Ut = uter(igpsh-Ud = udder ash (kg), W-NC = non-carcass water (kg), W-C =
carcass water (kg), W-Ut = uterus water (kg) and W-Ud = udder water (kg).

# N-NC | N-C | N-Ut | N-Ud | EEENC | EEC | EEUt | EEEUd | A-NC | A-C | A-Ut | A-Ud | W-NC W-C W-Ut | W-Ud
1 455 |913] 049 | 0,085| 57,35 | 108,74 | 0,64 3,19 578 | 1595| 0,62 | 0,024 | 91,05 | 190,86 | 26,31 | 0,83
2 4,33 | 7,95| 0,02 | 0,0/5| 51,53 87,32 | 0,02 4,55 524 | 10,31 | 0,01 | 0,022 | 86,03 | 167,97 | 0,59 | 0,33
3 538 | 854 ] 0,19 | 0,064 | 40,54 | 102,93 | 0,18 2,28 4,75 | 15,03 | 0,22 | 0,019 | 99,87 | 178,46 | 12,73 | 0,71
4 451 | 850] 0,02 | 0,121 | 35,17 73,90 | 0,03 2,45 6,32 | 16,95| 0,01 | 0,023 | 92,34 | 18532 | 0,48 | 0,36
5 4,16 | 6,43 | 0,09 | 0,083 | 32,10 93,59 | 0,09 2,97 3,46 | 12,27 | 0,11 | 0,032 | 74,14 | 139,85 | 11,50 | 0,92
6 3,22 | 6,24| 0,61 | 0,090 | 25,34 70,00 | 0,91 1,70 2,53 | 18,05 0,89 | 0,026 | 73,08 | 134,85 | 34,63 | 1,24
7 4,42 | 8,26 | 0,02 | 0,091 | 35,89 65,49 | 0,02 2,04 4,42 | 16,80 | 0,01 | 0,027 | 90,62 | 175,16 | 0,57 | 0,97
8 457 | 755] 0,75] 0,124 | 57,56 | 118,84 | 1,11 4,10 4,20 | 19,34 | 1,15 | 0,034 | 83,09 | 165,63 | 40,18 | 0,90
9 4,20 | 7,70| 0,01 | 0,098 | 40,24 77,85 | 0,01 4,47 522 | 17,82 | 0,00 | 0,027 | 82,39 | 170,39 | 0,32 | 0,45
10 528 | 9,78] 0,89 | 0,170 | 58,13 96,47 1,26 4,70 564 | 12,44 | 1,32 | 0,058 | 107,95 | 204,20 | 49,52 | 2,54
11 431 | 904] 0,08 | 0,098 | 37,57 | 116,79 | 0,08 4,26 484 | 19,76 | 0,11 | 0,022 | 91,11 | 191,58 | 10,49 | 0,43
12 3,13 | 6,68 | 0,65 | 0,080 | 40,72 80,56 | 0,58 1,64 535 | 10,75| 0,84 | 0,027 | 71,35 | 140,33 | 32,22 | 1,35
13 3,49 | 6,69| 0,18 | 0,066 | 28,78 52,26 | 0,14 1,94 4,64 | 1504 | 0,22 | 0,022 | 76,07 | 141,56 | 12,54 | 0,95
14 321 | 640 0,84 | 0,111 | 26,95 67,80 1,05 1,60 545 | 1243|131 | 0,031 | 69,83 | 136,62 | 38,03 | 1,61
15 3,18 | 6,21 | 0,06 | 0,051 | 30,72 61,16 | 0,04 2,39 4,39 | 1341 | 0,08 | 0,014 | 68,77 | 137,28 | 6,94 | 0,46
16 4,26 | 766 | 0,21 | 0,109 | 48,35 86,66 | 0,20 2,86 6,17 | 9,46 | 0,26 | 0,027 | 82,30 | 161,69 | 15,05| 0,77
17 363 | 645| 0,13 | 0,104 | 34,88 72,98 | 0,14 3,91 4,05 | 1530 | 0,17 | 0,029 | 71,95 | 135,01 | 9,05 | 0,50
18 3,59 [ 590 0,77 | 0,109 | 21,69 60,69 | 0,89 1,82 514 | 9,32 | 1,30 | 0,029 | 73,98 | 141,53 | 36,21 | 1,36
19 4,15 | 9,86 | 0,55 | 0,114 | 65,09 | 105,27 | 0,64 3,14 385 | 17,11 | 0,74 | 0,043 | 91,91 | 204,16 | 32,36 | 1,01
20 5,19 | 8,82 ] 0,09 | 0,093 | 50,66 82,12 | 0,07 2,27 595 | 17,50 | 0,09 | 0,028 | 105,92 | 193,04 | 8,98 1,00
21 4,88 | 8,15| 0,02 | 0,103 | 49,66 | 111,16 | 0,02 5,39 531 | 1408 | 0,01 | 0,036 | 89,82 | 179,11 | 0,61 | 0,75
22 4,36 | 9,09] 0,65 | 0,088 | 36,40 | 11453 | 0,81 2,36 4,21 | 20,95| 0,99 | 0,028 | 80,62 | 180,94 | 36,02 | 1,19
23 4,10 | 9,53 | 0,02 | 0,081 | 52,79 89,39 | 0,02 4,05 9,14 | 14,79 | 0,01 | 0,023 | 82,47 | 207,83 | 0,60 | 0,32
24 468 | 6,67 | 0,68 | 0,132 | 13,73 72,38 1,11 2,19 4,15 | 12,29 | 1,13 | 0,045 | 84,40 | 142,85 | 33,55 | 2,46
26 405 | 729] 095] 0,171 | 39,73 96,80 1,13 3,66 384 | 17,95| 1,43 | 0,042 | 78,63 | 159,71 | 49,01 | 2,01
27 297 | 551] 0,41 | 0,048 | 21,00 48,46 | 0,55 1,34 262 | 7,80 | 0,54 | 0,015| 67,93 | 127,05 | 22,42 | 0,67
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28 3,20 | 6,65| 0,23 | 0,086 | 32,07 77,34 | 0,27 2,84 550 | 1355| 0,29 | 0,030 | 64,82 | 137,44 | 18,83 | 0,85
29 3,17 | 5,72| 0,01 | 0,069 | 25,73 43,73 | 0,01 2,74 4,23 | 9,90 | 0,00 | 0,019 | 65,86 | 126,69 | 041 | 0,46
30 287 | 459] 0,01 | 0,037 ] 10,11 2484 | 0,01 0,83 390 | 909 | 0,00 | 0,012 | 60,71 | 106,66 | 0,25 | 0,50
31 4,67 | 7,08| 0,05 | 0,067 | 28,11 90,01 | 0,03 3,47 4,00 | 13,70 | 0,06 | 0,016 | 71,12 | 157,40 | 556 | 0,66
32 386 | 7,93 | 0,03 | 0,079 | 47,40 77,12 | 0,03 2,96 7,22 | 16,40 | 0,01 | 0,019 | 83,12 | 162,89 | 0,67 | 0,39
33 361 | 7,37| 0,01 | 0,063 | 29,38 58,07 | 0,01 2,91 3,99 | 12,23 | 0,00 | 0,015 72,51 | 161,79 | 0,40 | 0,26
34 3,62 | 653| 0,01 | 0,073 | 25,64 38,17 | 0,02 2,16 4,78 | 13,56 | 0,00 | 0,018 | 78,09 | 154,21 | 0,50 | 0,62
35 4,22 |1 824| 0,76 | 0,188 | 30,58 | 125,26 | 0,94 3,81 3,70 | 12,89 | 0,89 | 0,069 | 87,93 | 179,82 | 36,26 | 2,67
37 3,72 | 6,77 | 0,22 | 0,089 | 21,69 52,58 | 0,18 3,00 3,28 | 13,43 | 0,25 | 0,021 | 79,49 | 142,17 | 16,49 | 0,76
38 4,10 | 7,64 | 0,64 | 0,102 | 20,94 77,56 | 0,80 1,39 3,856 | 12,42 | 0,92 | 0,033 | 82,73 | 165,30 | 33,56 | 1,51
39 394 | 7,75| 0,16 | 0,082 | 37,42 97,33 | 0,19 2,81 514 | 14,48 | 0,19 | 0,022 | 82,16 | 164,03 | 10,90 | 0,68
40 4,07 | 7,97] 0,50 | 0,080 | 37,37 71,11 | 0,59 2,09 3,82 | 1395| 0,73 | 0,020 | 80,83 | 161,28 | 27,17 | 0,85
41 3,47 | 7,02| 0,01 | 0,072 | 35,34 55,41 | 0,01 2,87 553 | 14,24 | 0,00 | 0,017 | 67,51 | 14455| 0,32 | 0,26
42 3,81 | 832| 0,61 | 0,115| 51,56 94,14 | 0,80 5,29 2,33 | 16,66 | 0,77 | 0,042 | 76,41 | 160,98 | 32,63 | 0,90
43 350 | 6,16 | 0,01 | 0,085| 20,52 38,84 | 0,02 2,55 491 | 11,86 | 0,00 | 0,017 | 70,47 | 133,93| 0,38 | 0,58
44 3,16 | 594 | 0,01 | 0,054 | 29,97 44,14 | 0,01 2,37 452 | 1447 | 0,00 | 0,017 | 62,04 | 138,19 | 0,49 | 0,50
45 4,00 | 8,16 | 0,01 | 0,061 | 38,24 90,35 | 0,02 2,96 497 | 11,88 | 0,00 | 0,017 | 85,05 | 177,47 | 0,38 | 0,30
46 3,85 | 597 0,01 | 0,057 | 30,63 61,00 | 0,01 2,01 562 | 14,17 | 0,00 | 0,012 | 72,68 | 141,11 | 0,48 | 0,75
47 3,80 | 6,68 | 0,01 | 0,048 | 23,43 4493 | 0,01 1,28 563 | 12,64 | 0,00 | 0,010 | 76,64 | 156,29 | 0,37 | 0,65
48 4,47 | 6,61| 0,07 | 0,113 | 33,21 57,21 | 0,05 4,01 5,57 | 15,24 | 0,09 | 0,031 | 83,89 | 154,27 | 7,76 | 0,56
49 3,80 | 6,07| 0,13 | 0,057 | 23,34 55,26 | 0,11 1,55 3,78 | 17,57 | 0,14 | 0,014 | 78,72 | 127,48 | 10,49 | 0,65
50 3,24 | 5,74| 0,06 | 0,061 | 23,31 46,09 | 0,04 1,63 384 | 9,75 | 0,08| 0,014 | 7265 | 13786 | 7,66 | 0,53
51 4,19 | 7,17 | 0,07 | 0,110 | 37,43 67,38 | 0,05 3,00 7,00 | 15,44 | 0,08 | 0,025 | 82,01 | 153,54 | 7,46 | 0,76
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Table 4.# = cow code, EN-NC = non-carcass energy (Mcal), EN-C = carcasy €Magl), EN-Ut = uterus energy (McalgN-Ud = udder energy (Mcal),
CB-RE = cow’s body recovered energy (Mcal), CB-RN = cow’s body recovered nitrogen (g), PREG-RE = pregnant compound recovered energy (Mcal),
PREG-RN = pregnant compound recovered energy (Mcal), MEI = metabolizable energyMtalkday), RET = retained energy (Mcal/day), REP = retained
energy in pregnant compound (Mcal/day), RECB = retained energy in cow’s body (Mcal/day), HP = heat production (Mcal/day).

# EN-NC EN-C EN-Ut | EN-Ud | CB-RE | CB-RN | PREGRE PREGRN MEI RET | REP | RECB HP
1 665,4 1390 20,00 | 33,60 2090 13776 19,30 472,7 20,47 | 3,95 | 0,095 3,86 16,62
2 703,5 1033 0,70 44,82 1782 12377 - - 19,53 | 5,54 | 0,000 5,54 13,99
3 574,9 1281 7,22 22,80 1880 14001 6,54 168,8 20,03 | 4,51 | 0,045 4,46 15,57
4 456,6 1010 0,73 26,56 1494 13151 - - - - - - -

5 368,1 1025 3,76 31,22 1425 10684 3,25 78,9 10,26 | 2,73 | 0,027 2,71 7,55
6 358,4 835 24,46 | 19,99 1214 9561 23,97 601,3 12,14 | 0,77 | 0,130 | 0,64 11,50
7 443,5 876 0,68 22,54 1342 12790 - - 13,90 | 0,12 | 0,000 | 0,12 13,78
8 575,1 1406 30,04 | 42,99 2024 12257 29,39 743,1 17,31 | 3,88 | 0,144 | 3,73 13,57
9 489,9 1019 0,50 45,91 1555 12007 - - 13,80 | 0,97 | 0,000 | 0,97 12,82
10 658,6 1295 36,80 | 49,63 2004 15240 36,06 872,5 19,41 | 2,90 | 0,167 2,73 16,68
11 470,0 1412 3,45 42,77 1925 13471 2,73 62,0 12,36 | 1,99 | 0,022 1,96 10,40
12 498,1 978 24,51 | 18,64 1495 9901 24,01 639,6 12,20 | 1,82 | 0,111 1,71 10,49
13 370,2 778 6,81 20,49 1170 10262 6,34 165,2 17,31 | 1,92 | 0,044 1,88 15,43
14 373,3 843 33,81 | 18,61 1235 9726 33,35 829,8 11,97 | 1,33 | 0,147 1,18 10,78
15 368,3 806 2,21 23,41 1198 9453 1,75 45,9 13,45 | 2,47 | 0,022 2,45 11,00
16 546,5 1029 8,62 31,80 1608 12050 8,03 189,2 19,65 | 4,07 | 0,055 4,02 15,63
17 423,9 961 5,13 41,49 1427 10196 4,64 114,4 13,91 | 2,15 | 0,037 2,11 11,80
18 332,1 708 31,66 | 19,59 1060 9608 31,21 765,2 11,32 | 1,09 | 0,136 0,95 10,37
19 737,5 1268 22,78 | 33,72 2040 14145 22,03 529,1 19,39 | 3,41 | 0,119 3,29 16,10
20 585,2 1042 3,65 24,26 1652 14123 2,95 73,5 19,12 | 0,15 | 0,033 0,11 19,01
21 553,8 1330 0,73 54,99 1939 13155 - - 20,00 | 4,81 | 0,000 | 4,81 15,19
22 469,6 1375 27,58 | 25,28 1870 13550 26,94 639,7 13,38 | 2,63 | 0,137 2,49 10,89
23 632,2 1160 0,71 40,20 1833 13729 - - 12,63 | 1,50 | 0,000 1,50 11,13
24 298,6 906 30,57 | 25,03 1230 11492 30,09 675,2 10,06 | 1,44 | 0,115 1,33 8,74
26 519,0 1181 38,07 | 40,64 1741 11519 37,50 938,2 17,54 | 4,42 | 0,174 | 4,24 13,30
27 265,3 640 16,21 | 14,49 920 8538 15,83 402,6 11,18 | 1,22 | 0,087 1,13 10,05
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28 414,7 962 9,47 30,48 1408 9946 8,99 2199 11,73 | 2,57 | 0,059 2,51 9,21
29 320,0 614 0,41 28,68 963 8970 - - 15,39 | 3,04 | 0,000 | 3,04 12,34
30 176,7 381 0,34 9,18 567 7500 - - - - - - -

31 368,6 1081 1,88 34,01 1484 11831 1,34 35,6 1593 | 3,90 | 0,014 | 3,89 12,03
32 531,9 992 1,01 29,77 1555 11903 - - 2150 | 4,70 | 0,000 | 4,70 16,80
33 368,3 818 0,46 29,85 1216 11059 - - 12,97 | 0,78 | 0,000 | 0,78 12,18
34 344,9 602 0,47 22,69 970 10237 - - - - - - -

35 427,3 1498 3141 | 42,45 1968 12661 30,76 746,6 18,76 | 4,76 | 0,141 4,62 14,14
37 318,7 730 7,99 31,21 1080 10589 7,51 204,7 11,68 | 0,77 | 0,046 0,72 10,95
38 309,1 1009 26,49 | 16,19 1335 11845 25,94 626,4 12,29 | 0,74 | 0,132 0,61 11,68
39 476,7 1167 6,52 29,64 1674 11789 5,93 139,8 16,80 | 4,03 | 0,038 3,99 12,81
40 476,3 966 20,19 | 22,49 1466 12134 19,64 489,1 15,86 | 3,32 | 0,114 | 3,20 12,66
41 424,7 709 0,40 29,24 1163 10568 - - 12,13 | 1,00 | 0,000 1,00 11,12
42 609,2 1156 26,06 | 53,43 1819 12264 25,46 594,3 17,24 | 4,67 | 0,148 4,52 12,72
43 286,3 593 0,47 27,99 908 9755 - - 12,93 | 1,15 | 0,000 1,15 11,78
44 341,8 584 0,47 23,92 950 9160 - - 12,18 | 0,18 | 0,000 | 0,18 12,01
45 499,9 1117 0,50 30,40 1648 12234 - - 19,71 | 492 | 0,000 | 4,92 14,79
46 375,8 733 0,46 19,98 1130 9892 - - - - - - -

47 322,5 634 0,45 13,22 970 10539 - - - - - - -

48 474,9 738 2,80 40,23 1253 11210 2,25 56,4 22,33 | 3,69 | 0,030 | 3,66 18,67
49 326,2 720 5,10 15,88 1063 9942 4,64 120,0 12,03 | -0,14 | 0,055 | -0,19 | 12,22
50 335,6 625 2,31 17,46 978 9053 1,89 54,1 13,69 | 0,94 | 0,019 0,92 12,77
51 495,2 864 2,61 30,74 1391 11482 2,05 55,6 19,62 | 4,73 | 0,024 | 4,71 14,91

***Energy values were obtained in calorimeter.
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Table 5. Fetus measurements. # = cow code, FL = maternal feeding level, DIP = days in pregnancy at, #\ghtéetus body weight (kg), EVBW =
eviscerated body weight (kg), Head (g), Feet (g), Carcass (g), Viscera (g), Repedpptratus (g), BL = body length (cm), TC = thoracic circumference
(cm), HS = height at shoulder (cm), HR = height at rump (cm), CCE = cranial circumference eyes (cm) and CCN = cranial circuaetiefenge n

# FL DIP BW | EVBW | Head | Feet | Carcass| Viscera Reproductive BL TC HS HR CCE | CCN
1 | High | 240 | 17,84 | 14,06 | 1811 | 1401 | 10845 1660 64,40 77,1 | 54,2 67,2 66,3 | 43,9 | 44,5
3 | High | 189 | 6,66 5,07 876 336 3861 656 24,40 54,9 | 38,2 39,5 38,5 | 339 | 32,7
5| Low | 139 | 161 1,20 250 66 884 196 7,91 325 | 24,5 24,0 22,0 | 23,4 | 23,0
6 | Low | 234 | 2151 | 1753 | 2168 | 1567 | 13792 2009 80,30 79,8 | 59,9 62,4 65,8 | 47,7 | 41,7
8 | High | 269 | 27,51 | 22,50 | 2636 | 2037 | 17831 2521 62,30 86,2 | 68,9 76,2 75,7 | 53,6 | 50,5
10 | High | 265 | 33,27 | 24,85 | 2628 | 2038 | 20184 3475 81,90 95,2 | 69,6 76,2 75,2 | 51,6 | 51,6
11| Low | 138 | 1,78 1,30 252 72 980 184 8,17 345 | 24,0 23,5 22,5 | 23,0 | 21,6
12| Low | 269 | 21,70 | 16,69 | 2020 | 1617 | 13052 2204 55,90 81,8 | 60,9 71,8 72,9 | 47,3 | 46,4
13| High | 189 | 5,51 4,21 705 319 3181 557 21,30 50,5 | 37,0 36,9 36,5 | 31,5 | 30,1
14| Low | 272 | 27,59 | 19,95 | 2420 | 2142 | 15392 2768 99,40 85,8 | 65,6 73,9 72,4 | 51,3 | 45,8
15| Low | 135 | 1,47 1,12 243 54 825 168 7,49 32,5 | 24,3 24,0 22,8 | 225 | 224
16 | High | 191 | 7,70 6,01 820 416 4773 716 29,40 57,0 | 44,1 45,6 449 | 36,2 | 33,9
17| Low | 188 | 5,30 3,84 819 282 2740 529 15,10 47,8 | 40,8 35,8 40,0 | 34,3 | 33,0
18| Low | 266 | 25,67 | 20,31 | 2327 | 1716 | 16270 2435 103,60 80,8 | 61,6 72,8 76,4 | 46,3 | 46,3
19 | High | 236 | 20,10 | 15,75 | 1860 | 1543 | 12346 2098 61,70 80,0 | 58,5 63,4 65,6 | 49,0 | 42,6
20 | High | 140 | 2,02 1,56 314 94 1150 254 7,61 36,2 | 26,8 25,8 239 | 249 | 24,4
22| Low | 240 | 21,94 | 18,31 | 1888 | 1829 | 14593 2039 59,00 79,7 | 61,5 69,1 67,6 | 46,6 | 43,5
24 | Low | 269 | 22,69 | 18,54 | 2101 | 1609 | 14825 2288 76,00 85,9 | 60,5 67,4 74,0 | 50,0 | 449
26 | High | 268 | 31,60 | 25,43 | 2515 | 2155 | 20755 2827 105,40 95,3 | 63,5 80,3 81,2 | 51,7 | 48,2
27 | Low | 241 | 1399 | 11,26 | 1560 | 938 8760 1455 29,63 66,5 | 50,9 62,5 63,5 | 41,2 | 40,4
28 | Low | 190 | 8,09 6,20 983 464 4749 858 36,70 58,3 | 39,9 43,1 42,7 | 358 | 34,0
31| High | 134 | 1,17 0,88 202 49 624 139 7,70 31,2 | 22,2 21,7 21,0 | 21,7 | 20,5
35| High | 270 | 26,53 | 21,90 | 2372 | 1453 | 18075 2463 57,50 82,4 | 61,7 75,8 78,2 | 47,9 | 47,7
37| Low | 192 | 7,11 5,38 866 430 4081 770 30,00 55,7 | 42,2 42,1 42,1 | 385 | 324
38| Low | 239 | 22,69 | 17,56 | 1993 | 1755 | 13811 2035 76,80 80,8 | 60,6 69,3 66,2 | 47,3 | 43,3
39 | High | 191 | 6,00 4,52 756 337 3429 608 20,50 52,0 | 36,4 41,2 41,1 | 339 | 30,6
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40 | High | 240 | 19,84 | 15,70 | 1880 | 1495 12320 1869 37,29 79,5 | 56,0 64,2 63,0 | 495 | 443
42 | High | 240 | 21,34 | 17,61 | 1970 | 1625 14010 1930 51,52 77,0 | 59,3 66,0 61,0 | 46,0 | 450
48 | High | 130 | 0,99 0,75 176 37 540 119 6,15 28,2 | 211 19,5 18,7 | 20,6 | 20,0
49| Low | 185 | 4,25 3,26 597 203 2457 475 15,80 44,5 | 35,8 34,9 339 | 324 | 29,3
50| Low | 134 | 1,34 1,01 230 55 726 166 8,71 30,5 | 23,5 22,5 205 | 215 | 225
51| High | 135 | 1,64 1,23 268 60 906 165 7,15 34,0 | 25,8 25,2 24,2 | 250 | 23,2
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