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‘Some people are so ignorant of animal
econonly as to imagine that it is to no
purpose to feed cows when they are giving no
milk or horses when not at work. | met some
years ago with Rev. Clergyman, attending a
funeral of one of his parishioners, mounted
on a large meagre horse and labouring hard
with a staff and spur to keep up with the
processon. When requested to accompany
the funeral to the place of interment, he said,
he found his horse unable to travel which, he
said, was to him surprising, as he had given
him no less than three measures of grain that
morning. The clergyman owned, that he had
given the horse no grain since last he rode
him, about three weeks previous. Some
farmers seem to have adopted the notion of
this Rev. Gentleman asto their dairy cows.’

William Aiton, «View of the Agriculture of



Ayrshire» 1811.
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.1 General introduction

I.1.1 Origin of the Belgian Blue breed

The Bdgian Blue breed originaes from ‘Het ras van Midden en Hoog Bdgié€
(the breed of Midde and High Bdgium). At the end of the 19%th century, the
geogrgphical  postion of Bdgium as the cere of numerous commerdd  exchanges
between different European countries had markedly determined the cattle populaion in
that region (Anonymous, 1991b). The populaion wes a mixture of different dary
breeds with some Shorthorn and Durham blood. Until 1890, officid directives for
breeders were lacking and the crossng with different bresds continued, resulting in a
populaion with interedting characteridics oconceming  milk  production,  externd
conformaion and ealy maurdion. In the beginning of the 20th century, the fird
offidd diretives resulted in a dud-purpose breed in which milk production was dill
predominant. Since then, milk production has logt of its importance within the breed and
from 1960-1970 on a generd tendency towards extreme conformation is noted (Hanset,
1982). In that peiod the fird dtempts to commerddise the bresd on internationd
manifesations indicated the necessty to change the name of the breed to ‘Het Wit-
blauw ras van Bdgé€ (the Bdgian Blue breed). By tha time in some animds the
mediness was 0 predominant that the milk producton had decreased dredticdly.
Therefore in 1974, the breed was divided in two sub-populdions: the extreme medt type
and the dud purpose type (Anonymous, 1991b). Now, 26 years laer, the fird sub-
population largdy dominates the breed and is characterised by an extreme musculaure
and conformaion (due to the double-musding phenomenon) which surpesses that of
any other bred in the world. The phenomend extent of the musculaity hes mede the
Bdgian Blue bresd world-famous for ressarch on metabolism and deveopment and for
the mapping of the double-musding gene.

[.1.2 Importance of the Belgian Blue double-muscled bulls for meat
production in Belgium

Within the Bdgian catle industry, the importance of the Bdgian Blue (BB)
double-muscled (dm) bulls has markedly increased during the past two decades. This is
a conseguence of the continuous expandon of the suckler cow herd: in 1980, 137239
suckler cows accounted for 12 % of the totd cow populaion in Bdgium wheress in
1998 that number had more then tripled, being 493132 or 44 % (NIS, 19998). The man
shift from dairy cattle towards suckler cows was caused by the introduction of the milk
quota system in 1984. The surplus of roughege and stables that became availdble by the
reduction of the dary herd, was manly used for suckler cows and fatening bulls This
shift wes reinforced by the Europeen agriculturd policy tha awarded the famers with
premiums for suckler cows and fattening bulls.

Fgure 1.1.1 demondrates the evolution of the proportion of the different catle
categories within the totd number of daughtered animds from 1963 to 1998 (NIS
1999%b). The totd number of daughtered ved caves has decressed with about 10 %



between 1963 (346106) and 1998 (311083). The lowest number of caves was
daughteed in 1973 (228065). Wheress in 1963 the number of daughtered cows
(249213) dealy exceeded the number of bulls (178632), in 1998 this difference
decreased towards less than 3000 units (275701 cows and 272735 bulls). These figures
prove the dregtic increese in the importance of bulls for meet production. In 1963, 16 %
of the daughtered animas were bulls while in 1998 tha figure had increesed towards
30 %. This was manly posshle thanks to a dradic decreese in the number of
daughtered geers (108179 in 1963 vs. 11923 in 1998). The last category has become
redly margind since only 1.3 % of the daughtered animds in 1998 were deas. This is
a oconsquence of the change towards more intensve bedf production systems in
Bdgium during the lag decades On the one hand, that change had become unavoideble
due to the limited surface for agriculturd production. On the other hand, the dm animds
of the BB breed are wdl fit for intendve production systems.

No direct figures seem to be avaldble on the percentage of bedf tha is
produced in Begium from BB dm hulls However, the importance of the bresd within
the totd cattle populaion in Bdgium has undeniably increesed during the past 20 years.
Whereas in 1980 only 36 % of dl cows beonged to the BB breed, in 1998, that figure
has increased towards more than 52 % (NIS, 19993). According to Hanset (1996), 80 to
8 % of the BB populaion was double-musded a tha time Tha percentage is
expected to have increasad ever Since.

Becaue of the unique gereic potetid of these dm BB animds and the
intendve production sysems in our country, Belgium produces the best carcassss in
Europe. In 1993, 60.9 % of the carcasses of bulls daughtered in Belgium were dassified
& ‘S o ‘E (according to the European SEUROP-system; Anonymous, 19918). In
France and Spain (2nd and 3rd in Europe) only 155 and 105 % of the carcasses
respectively, received an ‘S or ‘E score (Bouquiaux and Hedlemans, 1996). Two years
later, the importance of the double-musding phenomenon seemed even more importart,
& 723 % of the daughtered bulls were given the ‘'S or ‘E score For tha year, in
France and Spain, the figures decreased towards 104 and 102 % respectively
(Bouguiaux, 1998; persond communication).

The figues of Bouquiaux and Hdlemans (1996) (723 % of the hbulls
daughtered a5 ‘'S or ‘E’) give the best indications that the percentage of beef produced
by the BB dm hulls is predominant in Begium. The same authors esimated thet in
1994, 75 % of the red meat produced in Belgium originated from cattle bdonging to the
BB breed.

10



[
[}

—_
L ]

% of the total number of slaughtered catile
oy b2
= =

L}

—+— 3teers —a— Bulls —e— Cows —s— Heifers —5— Veal calves |

1963

1965

1967

1969 1971 1973 1875 1977 19739 1981 1983 1985 1987 1989 1991 1993 1995

Year

Figure I1.1: Evolufion of the proporfional parfifion of the fofal reamber of slaughtered catfle over different cafegories (NIS 19935

1997



.3 Aim of the study

Effident bef producion with the BB dm bulls is only possble if adeguete
raions are fed. Until recently no energy or protein dandards exigted for that type of
animd. Farmers tended to feed excess of protein, to avoid any shortage thet could cause
reduced peformances. An excessve proten content in the ration has important
dissdvantages It is economicaly unjudtifisble, the animd hes to spend extra energy to
excrete the surplus of protein via the urine and the increesed N-excretion is an
unnecessary  load for the ervironment. So, fadng an increesed  economicd  and
ecologicd interedt, the famer has to produce more efficiently, teking the environment
into account. Beddes optimisng enagy and protein might dso improve daughter
qudity, which is important for the financid revenue of the famer. Thefore, the need
for energy and protein sandards for BB dm bulls had become more and more urgert.

With this study we aimed to resolve that need by deriving the optimd energy
and protein content in the ration for optimad growth while taking the carcass and meat
qudity in condderation. Since the body compostion changes with increedng live
weight and consequently the need for protein and energy, we amed to adjust protein
and enargy in the rdion to the differing needs in the course of the fatening period. This
was redissd by deermining energy and protein dandards for BB dm bulls during the
fattening period (350 - 650 kg), for each live weight category of 50 kg, and for different
growth rates within each live weght caegory. The energy and protein standards will be
expressed in VEVI and DVE respectively, as these are the current units for energy and
protein evauation usad in Bdgium.

.4 Framework of thethesis

During the past decades lots of research has been done on the double-musding
phenomenon. From the reaults, it is dear tha the conformation as wel as many other
chaacteridics of the dm animd is deviant from those of non double-musded (no)
anmds In Chapter 11.1 a short review is given to decribe the mog important
characteridics of the double-musding phenomenon and to illugtrate that the BB dm bull
is 90 deviant from any other breed tha research determining separate enagy and protein
sandardsfor these animasisredly jusified.

As mentioned before, the standards had to be expressed in VEVI and DVE,
according to the enargy and protein evdudion systems currently used in Bdgium and
The Nethelands. The VEVI-system was fird introduced in The Netherlands from 1977
onwads as the new energy evadudion sydem replacing the darchequivdent system.
Later on the DVE/OEB-system replaced the VRE-sydem. In Chapter 1.2 both sysems
will be discussed shortly.

The framework of this thess is shown in Fgure 1.31. A lage datasst was
derived from two feeding trids conducted during three and two years respectivdy and
involving a totd of 333 BB dm hulls The fird feeding trid sudied the influence of sx
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Figure1.3.1: Framework of the study

different energy-protein combinations on the peformance and on the carcass and meat
qudity of BB dm hulls

Therefore, two energy levds and within eech energy levd, three protein
levds were fed during the atire finishing peiod. The treaments of tha trid ae
described and the results are reported in Chapter 111.1. Based on the results of tha first
trid, a second trid was designed. The influence of phesed energy and protein feeding on



the peformance and carcass qudity was investigated. The trid combined four different
enargy-protein trestments. The am was to adjust the protein and energy feeding to the
changing needs of the animds with increesing live weight. This second feeding trid is
described and itsresults are reported in Chapter 111.2.

To determine energy and protein standards, data about body compostion are as
important as the data of the feeding trids Although the dm hulls have been the subject
of many research projects, the actud body composition of these animds was never
determined. In generd, an etimation of the tissue compostion (meet, fat and bone) was
mede, but chemicad compostion was never determined. In this study, a totd of 46 hulls
were used during two consecutive years to evauae two different techniques to edimate
body compostion in viva. The choice of which techniques would be evduated was done
based on an extendve literaure review regarding the most important techniques for in
vivo edimation of body compostion in catle At that time teking the fadlities of our
ressarch inditute into account, urea infuson and uwinay cregtinine exaretion (UCE)
were the two techniques that were retained. The review on the in vivo esimaion
techniques hes lady been updaed and that laest verdon is to be found in Chapter
1.3

In Chapter V.1 both retained techniques for the in vivo esimation of body
compostion will be described, as wel as the results of ther gpplication. Shortly after
aoplying bath techniques 18 of the 46 bulls invalved in this sudy were daughtered and
subsquently  homogenised to  determine  chemicd  body  compostion.  Combining  the
reslts of the homogenistions and the prediction techniques dlowed us to determine
equaions edimaing the body compostion of the bulls From a compaison of the
different equations, the best eimation technique was sdected, to be used in the find
determination of the changes in the body compostion. As mentioned before, these data
are esntid for deriving the sandards.

More detaled reaults on the body compostion of the 18 dm bulls are to be
found in Chapter 1V.2 In that chepter the in vivo edimdion technique tha was
withhdd in Chepter 1V.1 is used to determine the protein and energy accretion over
different live weight ranges

Based on the reaults of the feeding trids (Chepter 11I) and the compostiond
data (Chapter 1V.2), a daaset was derived. In Chapter V' explangtion will be given on
how the energy - and protein dandards were cdculaed from the dataset. Findly, in that
same chapter, the energy and protein sandards will be given and discussed.
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Chapter |1

Literaturereview

General outline of Chapter 11

A firg quesion aisng from reading the title of this thess will probebly be if
separade dandards for Belgian Blue double-musded bulls are necessary. During the past
decades lots of ressarch has been done on the double-musding phenomenon. The
results have indicated that the conformation as wel as many other characteridics of the
dm animd is deviat from non doublemusded animds In Chapter [1.1: “Why
separate standards for Belgian Blue double-muscled bulls? a short review is given
to describe the most important characteristics of the double-musding phenomenon and
to illustrate thet tte BB dm bull is so deviant from any other breed that research
determining separate energy and protein sandards for these animdsisredly justified.

The enagy and proten evdudion sysems currently used in Bdgium and The
Netherlands are the VEVI- ad the DVE-sygem. In Chapter 11.2: “The current
protein and energy sysems in Belgium: DVE and VEVI” both sysgems will be
discussed shortly and an overview will be given of the differet sydems used in other
countries

To be ale to quantify the composdtiond changes of Begian Blue double-
muscled bulls a separate trid was designed to evauate techniques, used for in vivo
edimaion of body compostion. Prdiminary, literaure concaming mogt in vivo
edimation techniques for ruminants was reviewed and from that review two techniques
were sHected, taking the fadlities of our Depatment into account. That review has
lady been updated and is given in Chapter 11.3: “In vivo etimation of body
compostion in cattle’.
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1.1 Why separate standards for Belgian Blue double-
muscled bulls?

In this chepter, it will be demondrated tha BB dm hulls are redly different
from other bulls, and that separate energy and protein sandards are judtified. In the firg
pat, a short review will be given on the charatterigics of a dm animd and on the
gened consguences of the double-musdling phenomenon. In the second part, thee
characterigtics that might influence energy and protein requirements are highlighted.

I1.1.1 Double-muscling phenomenon

Introduction

Differet  countries or  langueges have differet popular tems for the
phenomenon of muscular hypetrophy. In Greet-Britain and the USA the animds
demondrating the hypetrophy ae cdled doublemusded, in Itdy ‘a groppa dopid
(double rumped), in Germany ‘doppdlender’ (double loin), in France ‘cul de poulan’ or
‘adad and in the Dutch spesking countries they ae cdled ‘dikbillen’. Although the
name double-musdled is not redly correct (a duplication of the musdes is never found),
that term will be mostly used throughout thiswork asit is most common.

In the beginning of the 19th century the fird references were made on the
muscular  hypertrophy. Cully described the phenomenon in 1807 (cited by Oliver and
Catwright, 1968). According to him, the animds showing the phenomenon originated
from the “Shorthorn” catle devdoped in England, dfter importaion from The
Netherlands.

Nowadays, different breeds demondrate the double-musding
Vissec (1982) listed 11 Europeen breeds in which the hypertrophy was found, with the
main populaions being: Piemontese, Chardlais and Begian Blue Oliver and Cartwright
(1968) conduded that the condition likdy originated with the catle native to the Low
Countries of Western Europe. It probably was introduced into many of the important
present day breeds of beef catle from the Shorthorn breed. Other cattle of European
origin likdy received the genes for the phenomenon through the use of catle from the
Low Countriesin improving netive catle.

Genotype

The tremendous variey of expression of the double-musding phenomenon hes
led to different theories concerning the inheritance of the characteridtic. Boocard (1981)
concduded that mogt geretidgts bdieved tha the phenomenon is based on a recessive
gene with incompletle pendraiveness According to Arthur  (1995), different theories
concaning the inheitance have been proposed by seved authors vaying from a
recessve to a dominant character. Hanset and Michaux (1985a and b) postulated for the
BB hulls the exigence of an autosomd mh (muscular hypertrophy) locus characterised
by a wild type "+’ dlde and a recessve “mh” dlde, causing the dm phenotype in the
homozygous condition. Heerozygous “mh/+”  animds dthough phenotypicdly doser
to “++" animds exhibited some degree of muscular hypertrophy, which hes led the
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authors to refer to the mh dlee as being patiadly recessve. Chalier et al. (1995) added
that the gene truly desrved to be qudified as a mgor gene snce the difference between
the heterozygous and the homozygous animds amounts to four dandard deviaions for
some messures of musculaity. The same authors located the mh gene on the bovine
chromosome 2. Somewhat later Casas et al. (1998) refined the location and it was
findly Grobet et al. (1997) who determined with BB hulls that the characteridic was
caused by a ddetion of 11 besgpares in the bovine myodain gene Bass et al. (1999)
explaned that the expresson of myodain, as a musde growth inhibitor by limiting
fibre number and to some extent fibre Sze is highes in bovine musde during getation
when mude fibres are forming. The later summarisad that a shortage of functiond
myodatin is asodaed with an increae in fibre number. That reallts in a maked
increese in potentia musdle massin dm cattle

Phenctype
Although the double-musding phenomenon is wdl known, it is dill difficult to

define it unambiguoudy. This is manly a consguence of the lage vaiaion in the
expresson of the gene Some phenotypic characteridics however are very common in
dm animds. The most obvious externd phenotypic characteridics, were summarised
from Oliver and Cartwright (1968) and Kieffer and Cartwright (1980):

muscular hypertrophy of the hindquarter

muscular hypertrophy of the shoulders

enlarged m. longissmus dors

legs wide apart

smdler and lighter heed

shorter and thicker neck

short tail with setting more forward

thin skin in combination with very few subcutaneous fa

creases between the muscles may be seen through the skin

fineness of the bones

Mog of the aove mentioned characteridics have a postive influence on the
paformances of the animds however otha chaadeidics ae les podtive
(summarised from Oliver and Cartwright (1968) and Kieffer and Cartwright (1980)):

underdeveloped externd genitdia

hocks are extremdy dtraight or in some cases crooked
caves have ahypertrophied tongue

caves may show bucked-over or bowed-out front legs

Mogt problems associated with the newborn cdves disgopear dfter a few
weeks However, during the fird weeks cdves with a hypertrophied tongue may have
srious problems with suckling, especidly snce tests of a dm cow ae genedly
enlaged (Arthur et al., 1989 and less wel-formed then those of dary catle At the
same time, the milk and colostrum production of the dm cows does not dways meet the
requirements of the cdf, snce milk production ssems to be reduced (Vissec et al.,



1974). Based on the results of different authors, Ménisser (1982) concluded tha milk
production is decreased with 15 to 30 % in double-muscled cows.

The hypetrophy of the cdf in combinaion with a reduced width of the pdvic
ing (Hansgt et al., 1989) can cause hirth difficulties Within the current BB populaion
about 95 % of the caves are born with caesarean. This has been criticised more and
more over the past years, epecidly by the northern European Countries, for reasons of
anmd wedfare. Others indicate that a caesarean has become more and more common
practice and thet it could even prevet (if a soecidist does it) complications and dress
that can occur during naturd birth (Bergstrém and Oostendorp, 1985; Vermord et al.
1989). Due to the caesareans, the incidence of perinatd mortdity is very low in the BB
breed (Hanset, 1982). Clauwers et al. (1999) obsarved a cdf loss of 1.1 % within 15
days dter birth, which is condgderably lower then in most other cases (Bdlows and
Short, 1994).

Besdes the high frequency of ceesreans, other problems may occur
concerning reproduction. A reduced fertility was mentioned by Oliver and Cartwright
(1968) originding from poor sexud behaviour, genitd infantilism, dday in pubety ad
reduced sexud drive (Michaux and Henset, 1981, Ménisser, 1982 and Arthur et al.
19893). Thee symptoms ae present as wel in mde as in femde catle (Ménisser,
1982).

Performance and car cass characterigtics

In generd, doublemusded hulls have proven to combine a high growth rae
with an improved feed converson compared to nc bulls The improved feed converson
is caused by a lower feed intake capacity (Geay e al., 1982), due to a reduction in the
sze of the digedive tract (Anssy and Hansgt, 1979; Boccad, 1981). FHems et al.
(19959) offered 75 dm BB hbulls within a 375 to 620 kg live weght range a diet
congging of 50 % maize slage and 50 % concentrates They found a mean daly gan
of 144 kg and a DM intake of 5.82 kg per kg gain. Mingt et al. (1996) gathered results
of 16 trids with 129 dm BB bulls fed on concentrate diets They found an average
growth rate of 1.47 kg per day and a DM converson of 6.13, over a mean range of 330
to 576 kg. Clinquart et al. (1991) found with 60 BB dm bulls between 375 and 575 kg a
meen daly gan of 1.70 kg. These bulls were fed ad libitum a concentrate diet based on
sugar beat pulp, cereds, soya-bean med, linseed med and middlings.

Apat from thee excdlent peformances the main economic advantage of the
muscular hypertrophy is the extreme conformation of the carcass. A specid dass ‘S
was added to the Europeen Clasdfication scheme for bovine carcasses (Anonymous,
1991a), because the carcasses of the BB dm hulls dearly excdled the origindly highest
dass the'E dass

Different trids have compared animds with normd conformation and dm
ones They dl confirmed that dm animds have a higher dressng percentage, a reduced
fa content and fa coveing, a high proportion of musde within the carcass and an
improved conformation (Anssy and Hanset, 1979; Boccard, 1981; Michaux et al., 1984;
Arthur et al., 198%; Clinquart et al., 1994; Uytterhaegen et al., 1994; Fems ¢ al.,
1995¢c). Bouton et al. (1978) found reduced but dill importat differences between
heterozygous dm animds and homozygous non double muscled (n€) animds. In Table



.11 and Table 11.1.2 results of two compearisons between BB dm and nc bulls are
gven

Both tables dearly illudrae the double effect of the muscular hypertrophy on
the quentity of mea tha is produced by one animd. Frg, the dressng proportion is
importartly increesed, meaning tha & a compardde live weight, the carcass weght is
increesed. Secondly, the carcass contains a higher proportion of musdes in dm animas.
For example, a dm animd weighing 650 kg contains 343 kg meet, while a nc animd of
the same live weight only contans 272 kg meat (according to the rests of Table
11.1.2).

Table 11.1.1: Comparison of some carcass characteristics between BB dm and nc bulls
according to Fiemset d. (1995¢)

Characteristic Double-muscled ~ Norma conformation ~ Pooled SD'
N 108 185
Liveweight (kg) 695° 651" 37
Carcass weight (kg) 4832 419° 29
Dressing proportion (%) 69.5° 64.3° 1.4
SEUROP Conformation’ 17.4 120° 1.4
SEUROP Fat covering’ 46° 79 1.3
Carcass composition (%)
Meat 75.9° 65.0° 25
Fat 11.3 217° 2.7
Bone 12.8° 133° nr.

2 meansin arow with different supersoripts are significantly different (P< 0.001)
" Standard deviation

*S$=18 E=15U=12,..,P=3points

SClass1=3(very lean), Class2 =6, ..., Class 5 = 15 points (very fat)

% caculated by difference

Table 11.1.2: Comparison of some carcass characteristics (mean (")) between BB dm
and nc bulls according to Uytterhaegen et d. (1994)

Characteridic Double-musdled Normd conformation
N &%) 59
Liveweight (kg) 693" (38) 608" (34)
Carcass weight (Kg) 484 (28) 378 (24)
Dressing proportion (%) 69.9° (0.9) 617 (13)
SEUROP Conformation® 17.07 (1) 10.2° (1.5)
SEUROP Fat covering’ 45%(1.0) 87°(L1)
Carcass compostion (%)

Meat 75.9(16) 63.1° (25)

Fat 11.7(16) 230 (27)

Bone 13.0°(1.0) 139 (10)

3% meansin arow with different superscripts are significantly different (P < 0.001)
" Sandard deviation
*seTablell. 11



When comparing cacassss of dm and nc animds with the same carcass
weight, apat from a few exceptions (eg. m. diafragmaticus) dl musdes within the
cacass of the dm animd will be heavier then in the carcass of the nc animd. This
would indicste a generd hypertrophy of the musdes. However, Boccard and Dumont
(1974) compaed dm and nc animds with the same musde mass and found musdes
showing a hypetrophy and conssquently othes showing a hypotrophy. It wes
conduded from this and other dudies (eg. Hansst et al., 1982, Shahin and Berg,
1985h), thet the hypertrophy was most pronounced in superficid musdes (m. cutaneus
trunci +34 % and m. latissmus dorsi +17 %), while the deep mustles showed a
hypotrophy (n. vastus medialis -38 % and m. obliquus internus abdominis -19 %). The
mustles that are in connection with the respiratory system were dso less deveoped in
dm animds (eg. m. diafragmaticus -18 %).

The hypetrophy is not caused by an increese in the section of the musde
fibres but bescdly from a hypeplasy of the musde fibres (West, 1974). This
multiplication of the cdls takes place during the foetd phase (Boccard, 1981), resulting
in dm catle possssing nearly twice the number of musde fibres & bith as normd
catle (Gerrad e al., 1991). The number of fibres in a section of a musde is dso
increesad by the lengthening of the fibres (Boccard, 1981). Bajoens et al. (1991) found
a decrezse in the cross-sectiond area of fibre type I, IIA and 1IB in the m. longissimus
thoracis (LT) in dm bulls compared to nc ones, but only the fird two differences were
sonificant.

Although the increesed musde mess is modly metioned as the mogt
prominent charadteridic of the dm phenomenon, disriminant andyses have indicated
tha the hypodevelopmert of the fdty tissues is more important in characterisng the
syndrome (Dumont, 1982; Shahin and Berg, 19853). The reduced faty tissues are the
reult of a reduction in the volume of the fa cdls raher then a decreese in fa cdl
numbers(Baley et al., 1982).

Apat from the increesed volume of the musde mass, the strongly reduced Sze
of the fifth quarter is dso responsble for the increese in dressng percentage. Based on
difforent dudies Boccad (1981) quoted diffeet authors finding an  important
hypotrophy of mosgt organs. Ansay and Hanset (1979) compared dm and nc cdves a the
same weght (83 kg) and found an important reduction of the different parts of the fifth
guater in dm animds The kin, thymus spleen, lungs liver, kidneys digedive tract
and heart showed a reduction of 19.8, 51.1, 37.3, 194, 17.2, 190, 172 and 149 %
regpectively. Geay et al. (1982) cdculaied that the digedtive tract counts for 5.3 % of the
totd liveweaght in normd animas wheress for dm animdsthisisonly 4.6 %.

Meat quality

Beddes the higher dressing proportion of dm animds, we dready mentioned
tha dm animds dso have a higher percetage of carcass leen med. But even more
importart, there is the added advantage tha more primd cuts are found within the totd
muscle mass (Hanset et al., 1989, Arthur, 1995). In Table 11.1.3 and Table 11.14 a
comparison of meet qudity characteridics between Bdgian Blue dm and nc animds is
made.



Table 11.1.3: Comparison of some meat quality characteristics . longissmus thoracis)
between BB dm and nc bulls according to Fiemset d. (1995¢)

Characteridic Double-musded Normad conformation  Pooled SD
N 108 185
pHa4 5.6 56" 0.1
Cidab L* 304 385 26
Shear force (N) 50.7 4.2 11.0
Water holding capacity (cn?) 6.5 47 0.7
Mest composition (%)

Moisure 757 74.1° 10

Fat 0.9 32° 10

Protein 23.0° 226 0.6

3% meansin arow with different superscripts are significantly different (P < 0.05)

Table11.1.4: Comparison of some meat quality characterigtics (m. longissmus thoradis)
(mean (D)) between BB dm and nc bulls according to Uytterhaegen et d. (1994)

Charactaidtic Double-musded Normd conformation
N R 59

pHa4 55%(0.1) 55°(0.1)
Shear force (N) 59.8%(14.1) 38.3(93)
Sarcomere length (Um) 1.80(0.16) 1.74 (0.10)
Cooking losses (%) 30.0°(23) 25.6° (2.8)

Drip losses (%) 7.22(1.5) 5.4°(2.6)
Collagen (% of DM) 1.612(0.16) 25°(0.42)

3% meansin arow with different superscripts are significantly different (P < 0.001)

In recent years, megt qudity has become a mgor ressarch topic. As meat
tenderness is the most importat organoleptic  parameter  determining meat  quality
(Drandfidd et al., 1982; Koochmaraie, 1992), lots of comparisons have been made of
meat tenderness between dm and nc animds. However, ssemingly contradictory results
were found. Arthur (1995) reviewed the literature and concdluded that mogt of the recent
reports indicated tha meet from dm catle is more tender, provided that the mesat has
been corectly chilled and aged. Boccard (1981) and Bouton et al. (1982) and severd
cthers attribute the improved tendemness to a lower cdllagen contertt, which is generdly
found in dm animds (Baley et al., 1982; Hanst et al., 1982). Baley et al. (1982)
indicated tha the collagen content is not only lower, but it is made up of a lower
proportion of gable nonreducible cross-links However, Fems et al. (1995¢),
Uytterhaegen et al. (1994) (Table 11.1.3, 11.1.4) and Clinquart et al. (1994) found an
increesad  shear force vaue without any indication of an ingpproprite chilling and
ageing process. Uytterhaegen et al. (1994) indicated that in the BB dm animds
collagen content is indeed srongly decressed but the decresse is largdy compensated
for by a decreesed posmortd mydfibrillar tenderisstion, resuling in tougher meet.
Seemingly, in the BB breed the dm phenomenon is so pronounced that postmorta
mydfibrillar  degradetion is reduced. This hes a negaive influence on high qudity
musdes whose tendaness is manly determined by the posmortad tenderisation since
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the cdlagen contet of these high qudity musdes is low. In low qudity musdes
containing more collagen, the find tenderness is mainly determined by thet collagen
content, and therefore, the reduction in collagen content of dm animds can improve
find tendemess of these musdes Demeyer et al. (1995) conduded that cooking
conditions are probably predominant when compaing the tendemness of meet from dm
and nc animds, snce heding the meat to a temperaure of 70°C lagdy removes the
difference between both types in the collagenous component of tenderness. This was
confirmed by De Smet et al. (1998) who found that tenderness of meat from dm animas
may be underestimated by hedting samples up to 75°C in comparison with rav mest.
Accordingly, De Smet e al. (1999) found with raw meset of BB bulls lower shear force
vdues in higher graded carcasses (with the dm bulls being graded highest), while shear
force vaues of cooked mest did not vary much across the SEUROP grading scheme.

Table 11.13 illustraes ancther important characteridic of the meast of dm
animads The intramuscular fat content has decreased bdow 1 %. As fat is found to be
repponshle for cardiovascular disseses a reduction of fa is of interest for reasons of
public hedth (Reckless, 1987; Klurfeld, 1994).

Not only the compostion of the musde, but dso the occurrence of the different
fibre types differs between the two types of catle (Table 11.15). Fiems et al. (1995c)
found in accordance with West (1974), Bajoens et al. (1991) and Stavaux et al. (1994)
sgnificantly more white and less red fibres in dm animds As the white fibres ae
dlycditic and the red ones ae oxidaive or oxiddive-glycditic, dm animds <hift
towards amore glycdlitic metabolism in the musde.

Table 11.1.5: Comparison of fibre type occurrence in m. longissmus thoracis (mean %
(D)) between dm (N = 4) and nc (N = 7) bulls according to Fiems et al. (1995c)

Fibretype Double- musded Normd conformation Sgnificance
| (red) 29.0 (54) 320(29)

A (red) 221(34) 310(7.0) P<0.01
[1B (white) 489 (4.8) 37.0(64) P<0.01

Besdes the dhift in fibre type and aeg, the musdes of dm animds dso have a
lower capillay dendty. This was mentioned by Ashmore and Robinson (1969) and
Savax et al. (1994). Although the lower caaillary density might influence the colour
of the musde to some extet, two other factors are manly responshble for the paer
colour thet is generdly found (Bouton et al., 1982; Fems @ al., 1995¢) in dm animds
the earlier mentioned shift towards more white musde fibres and a lower concentration
of myoglobin (Baley et al., 1982; Ouhayoun, 1982; Fiems et al., 1995c). According to
Purches (1991) both factors might be corrdaed snce type | fibres contan more
myoglobin. This was ealier suggeted by Morita et al. (1970) who indicaed thet
myoglobin concentration is greeter in red muscle than in white,



I1.1.2 Consequences of the dm phenomenon on the protein and energy
requirements

Some of the anaomicd differences between dm and nc animds may have
important effects on the physology and as such on the nutritiond requirements of these
animds Ménisser (1982) dreedy daed in 1982 that dm animds have specific
nutriiond requirements that are probably different from those of normd animds but
have generdly not yet been established.

The reduction of the digestive tract (Anssy and Hanst, 1979; Geay et al.,
1982) can reault in a reduction of the daily intske or in a higher passage rate. The latter
can reduce digedibility. In both cases the uptake of nutrients is decressed, which should
be compensted for by an increased nutrient concentration in the diets Different studies
have meanwhile indicated thet the inteke of dm animds is reduced in comparison with
nc animds (Homes and Robinson, 1970; Hanst et al., 1979; Clinquat et al., 1995;
Fiems et al., 1997 and 1999h). Fiems et al. (1997) coud only find a dgnificantly
incressed CP digedtibility for dm bulls compared to nc bulls, while DM, CF, EE, NFE
and enagy digedibility were compadble The difference in CP  digedtibility
disgppeared when DM inteke was used as a covariant. These results manly confirmed
ealier findings of Holmes and Robinson (1970) and Vermord et al. (1976 and 1994)
who did not found awy influence of the double-musding phenomenon on the DM

digestibility.

Differet comparisons of carcass compodtiond daa indicated that dm animds
demondrate a large decrease in percentege fatty tissug, and a the same time an ncrease
in musde contert. This would indicate that dm animds have higher proten needs
unless they have a better protein efficiency or a lower protein turnover. Van Eenaeme et
al. (1989 and 1991) found indications for a ‘dower’ protein metebolism due to a lower
synthesis, degradation and consequertly a lower net accretion. This ‘dowe’  protein
metabolism however does not completdly compensate for the extra protein deposition,
as Boucqué et al. (1984) conduded from a feeding trid that BB dm bulls have higher
protein needs than BB nc bulls.

Opposte indications concerning the energy requirements make it much more
difficult to detemine whether dm animds have higher or lower energy requirements.
As was mertioned for protein, the energy content of the diet should be higher for dm
bulls if the energy requirements are compardble, because the daly inteke is lower
(Fems e al., 199%9b) and no improved energy digedibility was found (Fiems e al.,
1997). The lower fat content in the dm animads suggests a lower need of net energy for
depostion. However, Gesy (1984) cdcuaed tha effidency of tlistion of
metabolissble energy (MEN) decreases from 0.6 towards 0.3 if the proportion of totd
retained energy thet is retaned as protein increases from 0.1 to 05. This could indicate
that the dfidency of enagy utlistion is vay low for dm animds as the protan
deposition seems to dominate fat deposition during the total fattening period.



Pipes & a. (1963) found indications for a reduction of the energetic
mantenance requirements in bedf catle in compaison with dary catle The authors
explaned this difference by a reduced adtivity of the thyroid gland. Hansst et al. (1987)
cdculated reduced mantenance reguirements for BB dm bulls in comparison with BB
nc bulls (131 vs 142 kcd meabolisle energy/kg LW®™). Vermord et al. (1976)
found no difference in energy requirements for mantenance between dm and nc
Chardas bulls However, the requirements for those animas were 12 % lower then for
Friesen bulls Gesy e a. (1982) indicaed that dm animas show lower activity and
have a dowe protein tunover due to a less devdoped digedive tract and to a higher
proportion of white fibres It is wdl known that the digesive tract has the highest
cdluler turnover of the whole body. Taylor et al. (1986) found the mantenance
requirements for dary catle to be 20 % greater than that of beef breeds. However,
Rusd and Wright (1983) conduded thet the maintenance requirements are postivey
rdated with the totd protdn mass, meaning tha thinner animas with the same weight
have higher requirementts then fater ones This is caused by the diffeence in the
regpective maintenance cost of protein and fat. Ferrdl and Jenkins (1984a, b en 1985)
bdieve tha differences in weights of the vitd organs that are metabdlicdly very active
may explan mog of the differences found. Vemord et al. (1994) found for a
compadle enagy intske tha BB dm cdves had 11 % higher lying energy
expenditures tren BB nc cdves, mainly due to the increesed musde mass The generd
concept is that MEN requirement for maintenance tends to be lower per unit LW®™ in
fat animasthan in lean animas (Dickerson, 1985; Webster, 1985).

The high dressing proportion as down in Table 11.1.1 and 11.1.2 were partly
due to a decresse in the fifth quarter. From the butcher point of view this is very
postive, but the reduction of some organs has an important influence on the sengtivity
to acute respiratory diseases (Michaux et al., 1984) and on the susceptibility to Sress.

Hdipré (1973) diagnosed an incressed susceptibility to thermd sresss When
environmentd  temperature increeses, the large musde mass of dm animds causes larger
heat production and their body temperature increeses more rgpidly then in normd cattle
The lowered posshilities for heat disspation (reduced respiratory capacity), ther lower
exchange surface per mass unit and their lower blood drculdion are the man ressons
for that increesed susoeptibility. Campbdl (1988) dated tha animds of higher genetic
potentid for leen tissue growth are more sengtive to nutritiond  dress then those of
lower leen tissue growth potertid. Holmes et al. (1973) conduded from two trids that
dm animds are esser citable as nc ones When blood was teken using a catheter, dm
caves had somewhat lower lactic acid blood vaues than nc, but when blood was taken
by puncture the blood lactic add vdue of the dm animds was higher. Homes and
Ashmore (1972) suggeded tha the grester exdtability might enhance ther
uoeptibility to dress. Holmes et al. (1973) dso subjected dm en nc animds to three
kinds of dress nutritiond, psychic and exerdise dress In the three ceses they found
evidence that the dm animds were more susceptible to stress Lekeux and Van De
Weerdt (1996) concluded that dm BB cadves had a reduced cgpacity to withstand
physca exercisein comparison with Friesian caves.

The higher susceptibility to stress dealy can have important repercussons on
protein and energy reguirements, since sress can dter the deedy date of the body and
chdlenge complex physologicd adaptive processes (NRC, 1996). The absolute amount
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of energy needed for that reection is dependent on the amount and durtion of the
exdtation. However no abolute vaue can be given concaning the energy expenditure
for dress. In case of heat dress NRC (1984) suggested thet the respiration of the animd
gives an indication of the severity of hest dress For rapid shdlow breghing,
maintenance energy requirements should be raised with 7 %, wheress for degp open
mouth panting reguirements should be increesed up to 25 %.

The dregic anatomicd, phydologicd and biochemicd changes and the
favourable peformances dl caused by the doublemusding phenomenon, may have
importart  repercussons on the energy and protein  requirements  Concerning  the
protein, it is quite obvious that higher requirements may be expected, while for the
enagy it is much more dfficult to meke a prediction. Some factors, such as the very
low fa contet and the presumed lower mantenance requirements suggest lower

energy reguirements. The higher stress susoeptibiility suggests higher requirements.
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1.2 Thecurrent protein and energy systemsin Belgium:
DVE and VEVI

11.2.1 Introduction

During the pest decades productivity of dary and bedf catle has increased
dradicaly. This is manly due to a continued progress in the genetics and a better
undaganding of ruminatt nutition. The advance in the ruminatt nutrition sdence
reslted in new feed evdudion sysems in The Nethelands and Belgium. Concerning
the energy evdudion, in the ealy eghties the VEVI-sydem replaced the ‘darch
equivdent’ (van Es 1978, van Vlig et al., 1994). Laer on, in 1991, a new protein
evauation sysem replaced the Digestible Crude Protein (VRE; Verteerbaar ruw ewit)
sysem. The new sysem was cdled the DVE/OEB sysem: true protein digesible in the
intestine/degraded  protein bdance (DamVerteerbear Eiwit/Onbestendige  Eiwit-Badans)
(Tanminga e al., 1994). Both sytems ae currently in use in Bdgium and The
Netherlands Before explaning the baedcs of both evdudion systems a dort
description will be given on the protein and energy metabalism in ruminants

11.2.2 Protein metabolismin ruminants

Degradation of the feed protein dats in the rumen with a partid breskdown to
peptides, amino acids and ammonia The amount of protein that is broken down
depends on the type of ration, the type of protein, the feeding level and the passage rate
The ammonia, amino acids and peptides from the protein breskdown are used by the
microbes to produce microbid protein. Provided tha N is not limiting and tha the
esetid gronth factors are present and availdble in the rumen fluid, the energy supply
isthe mogt determining factor in the intensity of the microbid protein synthesis

Ammonia that is not used, diffuses through the rumind wadl into the blood and
is trandformed to urea by the liver. The urea is then excreted by the urine or recyded to
the diva, the rumen or to the hindgui.

The protein ariving in the duodenum is a mixture of undegraded feed protein,
microbid protein and endogenous protein, with the first two being most important since
these provide the (essantid) amino acids The amino acids absorbed from the duodenum
ae uxd for mantenance (protein turnover, energy source.) and production (milk,
wool, and protein accretion). The effidency of the use of the amino adds is different for
esch of theee purposes The qudity of the proten present in the duodenum depends on
the smilarity between the amino acid compostion of thet protein and the compostion
of the neads.

Fndly, a microbid fermentation tekes place in the hindgut, which only hes a
minor importance for the protein metabolism, snce ammonia is the sole protein product
that isabsorbed in the hindgut.
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[1.2.3 DVE/OEB-sysem

As mentioned before, the VRE-system was replaced by the DVE/OEB-system.
The VRE-system was only based on the difference between CP (crude proten; N *
6.25) ingeted with the ration and CP excreted in the faeces The current protein
evdudion sygem is an important improvemet of the previous system because it
accounts for the important chenges that the protein goes through in the rumen. The
system is basad on two important parameterss DVE and OEB. The cdculations of these
parameters are schematicaly represented in Figure 11.2.1.

That sheme dealy indicaes tha DVE is the totd of the digedible
undegraded feed protein (DVBE) and the microbid protein digedible in the amdl
intestine (DVME) minus the endogenous protein lossesin digestion (DVMFE).

DVE=DVBE + DVME - DVMFE

The fird tem is dependent on the fraction of undegraded feed CP in totd feed
CP (% BRE) and on the digedion in the smdl intesine of the undegraded feed protein
(% DVBE).

DVBE=CP* 1.11%* % BRE* % DVBE

The second tem is determined from the fermentable organic mater (FOS),
which is a mesaure for the totd amount of enagy avaladle for the microbes in the
rumen. FOS is cdculated from the digestible organic matter minus the nutrients that are
not avallable for the micro-organiamsin the rumen.

DVME=FOS* 0.150* 0.75* 0.85

The dfferet codffidents in the later eguation concan the efidency and
digestibility. It is assumed thet for eech kg FOS, 150 g microbid protein can be formed,
that 75 % of the microbid protein are amino acids and that 85 % of these amino acids
aedgedibeintheintesine

The third term is a measure for the amount of protein thet is logt due to the
digestive process It is esimaed from the indigested dry mater (ODS), assuming that
for each kg ODS 75 g DVE is needed for endogenous protein losses.

DVMFE = ODS* 0.075
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Figurell.2.1: Overview of the different stepsin the cal culations of the DVE/OEB evaluation system




From the lagt three equations, DVE can be cdculated, but that vaue is only
vauadle if the OEB (degraded protein baance) is pogdtive The OEB is cdculated as the
difference between the amount of microbid protein that can be formed besed on
avalable nitrogen (MREN) and the amount of microbid protein thet can be formed
based on available energy (MREE).

OEB = MREN - MREE
with MREN = CP* [1-(1.11*% BRE)]
ad MREE = FOS * 0.150.

[1.2.4 Protein evaluation systemsin use in different countries

Although the diffarat systems tha ae currently in use in different countries
have different names the principle of dl these protein evdudion sysems is comparable
(Table 11.22). They dl edimate the amount of amino acid nitrogen tha reeches the
duodenum, the amount of it that is digested and consecutively used for mantenance or
production. However severd differences exit between the systems concerning the
cdauldion and the quantification of the amount of digestible proten. Thee differences
have been discussed in detal by severd authors (Jarige and Alderman, 1987, Andries
etal., 1989; AFRC, 1992).

Tablell.2.1: Overview of some protein evaluation systems in usein different countries

Country Name of the system Reference
Bdgium DVE/OEB Tammingaet al. (1994)
TheNetherlands van Vliet et al. (1994)
UK Rumen degradable protein ARC (1984)
(RDP)

Undegraded protein (UDP)

Metabolissble protein (MP) AFRC (1992)
France Protein digested in the INRA (1978)

integtine (PDI) Vé&ité and Peyraud (1988)

Ity adapted from PDI Susmd and Piva (1987)
Switzerland Absorbableproteinin the Bickd and Landis (1987)

intestine (AP) (from PDI)
Nordic countries Amino acidstruly absorbed in Madsen (1987)

(Denmark, Norway, theamd| intestine (AAT) - Madsen et al. (1995)
Sweden, Finland, Protein bdancein therumen
lcdand) (PBV)
USA Metabolisshle protein (AP) NRC (1996)
Audrdia Apparently digested protein Corbett et al. (1987)
leaving the somach
(ADPLS)




The mogt important difference between the DVE/OEB sysem and most other
sydems is the cdculdion of DVMFE. Within the DVEsydem that paameter is
conddered to be dependent on the characteridtics of the feeddtuff, and consequently it is
a pat of the feed evaduation. All other systems consider the faecd loss of N as a pat of
the maintenance reguirements. As such, comparison of the protein standards expressed
in DVE with the athers sysemsis vary difficullt.

[1.2.5 Energy metabolismin ruminants

All animds derive thar energy from degradation of organic compounds The
utilisstion of ingested feed energy by animds invaves severd kinds of lossss (ven Es
and Boekhdlt, 1987). Only pat of the nutrients can be digesed, the remainder is
excreted in the faeces and is log for the animd. The difference between the gross
energy vaue of the feed and that of the associated faeces is the goparert digedible
energy (DEn) (Blaxter, 1962). A further loss of energy occurs in the form of geses
manly methane (Demeyer and Van Neve, 1975). This loss is paticulaly important in
ruminants (ADAS, 1984). Apat from the gassss, the urinary losses, containing orgenic
wade products dso contain enegy that is of no further use for the animd. The
difference between the DEn and the gassous and uwrinay lossss is termed the
metabolissble energy (MEN). All that energy can be utilised by the organism. However,
not dl of the MEn is of use for the animd since animds continuoudy produce hed,
when faging, when madicating, when ruminating, when digeding..., even the micro-
organisms in the rumen cause a futher hea loss (ven Es and Boekholt, 1987).
Subtracting the totd heat losses from the MEN gives the net energy (NEN), which is that
pat of the gross enagy tha is used by the animd for mantenance or production.
Schemaicdly, Table 11.22 (from Buyse e al., 1977 and Shirley, 1986) shows the
consecutive losses of afeedstuff during digestion.

According to Vermord (1988) the mgor pat of the absorbed energy are the
voldile fatty acids (between 64 and 75 % of the totd absorbed energy), while the amino
adds can ddiver 15 to 28 %. The long chain fatty acids represent 5 to 15 % while
glucoseisonly representing 1 to 4 % of the totd absorbed energy.
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Table1.2.2: Overview of the different energy losses during digestion

Energy Influenced by
Gross-energy (GEn)
- faecd losses - raion characterigtics
- feading leved
v - physicd gructure of theration
- typeof animd
Digestible energy (DEN)
- urinary lossss - ration characteristics
- gaseous losses - feading leve
v . agedf theanimd
- typedf animd
Metabolisable energy (MEN)
- thermd losses - raion characterigtics
- physdogicd function
- typedf animd
Net energy (NEN)
for maintenance
for production

11.2.6 VEVI-sydtem

The name of the energy evduation sysem curatly used in Bdgium ad in
The Netherlands, stands for ‘Voedereenhed Vieesvee Intendef’ (Feed unit bedf cattle
intendve). The sydem evduaes the NEn vadue of the feedduffs i.e the amount of
enagy the anmd adtudly digposes off for its mantenance and for production. This
NEn is only afraction of the gross energy (GEN).

Within the new energy sysem, a quantity of 6908 kJ has been eguated with
1000 VEVI. This corresponds with the mean NEn content of one kg baley tha is
dispossble for an intendvdy fed bull. As such 1 VEVI corresponds with 1 g barley,
being 69 kJ. Although the theoreticd background for cdculaing the net energy vdue is
quite smple, the practicd cdculations are somewha more complex. Therefore not dl
detalls concerning the caculaions will be given. More detals on the VEVI system ae
published by ven Eset al. (1978) and ven Vliet et al. (1994).

1 The firg gep is to cdculae the GEn and the MEN of the feedduff from the
following equaions

GEn = 24.14* CP + 36.61* EE + 20.92* CF + 16.99* NFE - 0.62* SU
with GEn = gross energy expressed in kJkg DM; CP = crude protein, EE =

ether extract, CF = crude fibre, NFE = N-free extract and SU = sugars, dl expressed in
kg per kg DM.
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MEn = 15.90*DCP + 37.66* DEE + 13.81* DCF + 14.64* DNFE - 0.62* SU

with MEn = metabdlissble energy expressad in kdkg DM; DCP = digestible
CP, DEE = digedible EE, DCF = digestible CF, DNFE = digestible NFE and SU =
sugars, al expressed in kg per kg DM.

For the cdculaion of the differet parameters in the second eguaion,
digedtibility coeffidents are avalablein literature (e.g. CV B, 1999).

2. The second gep is to cdculate the proportion of MEN within the GEn, being
cdled thefactor ‘q.

g=MEWGEN*100

3. The third and find dep cdculates how much of the MEn remains as NEN.
This is cdcdaed by multiplying MEn with k. In the same egudions the
transformation from kJ towards VEVI is done (factor 6.908 = the energy vaue of 1 kg
baley in MJ). The factor k,; is dependent on the proportion of k, (effidency for
maintenance) and k; (efficiency for fattening) and the APL (animd production levd).

VEVI = Kni * MEN/6.908

kf MEn
VEVI=%%% %% * %%%
k¢- Km 6.908
YaYa¥a + 1
APL * kp,

with k;, and k; both being dependent on thefactor g.

11.2.7 Energy evaluation systemsin use in different countries

Two kinds of energy evdudion sysems ae in use in different countries On
the one hand the sysems based on net energy and on the other hand the systems based
on metabolissble energy. From the sysems mentioned in Table 11.2.3, only the British
sygem is based on MENn. The fird three systems are strongly comparable, and only
differ with regard to some detals As such the Dutch and French systems have
inroduced the fead unit (nether cdorie nor Joule), while the Swiss sydem uss the
Joule as unit. Wheresas the feed unit in the French sysem corresponds with 7.615 kJ, in
the Dutch sysem one VEVI (for beef cattle) or VEM (for dary catle) equas 6.908 kJ.
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All the results in this sudy were firs cdculated as VEVI, but were later on converted to
Joue snce that is the intenationd accepted unit. These converted figures will be
referred to as NEF (net energy for fattening).

Table1.2.3; Overview of some energy evaluation systemsin usein different countries

Country Energy standards Reference

Bdgium VEVINVEM van Es (1978)

The van Vlietet al. (1994)

Netherlands

France UFV/UFL Vermord (1978)
Vermord (1988)

Switzerland NEW/NEL Bickd and Landis (1978)

Britain MEn ADAS (1984)

Scandinavia SFU Hatt et al. (1972)

USA NEnN NRC (1984)
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1.3 Invivo estimation of body composition in cattle

11.3.1 Introduction

The compostion of an animd is influenced by a lot of factors Mogt important
ae the gendic origin of the animd (eg. breed, mediness), the sex, the weight and
externd factors such as qudity and quartity of feed. Table 11.3.1 shows some examples
of the influence of each of these factors on the compostion of the carcass or empty
body. The most rdevant factor seems to be the conformation. A double-muscled (dm)
Bdgian Blue (BB) bull has on average, depending on the source, 109 (Fiems ¢ al.,
1995¢) or 125 percent units (Clinquart et al., 1994) more musde in the carcass than a
BB nc bull. In addition, the fat percentage is regpectivdy 104 and 126 units lower
according to the same authors. The carcasses of breeds that are used for meet production
ipso facto contain more musde then the carcesses of dary bresds Clinquat et al.
(1994) showed that dm BB bulls have 17.1 percent units more musde in ther carcass
than Holgtein bulls being a rddive difference of 30 %. The fat content on the contrary
is more then 50 % lower. Shahin (1995) found in a comparison of dm animds that bulls
had 49 pecent units more musde and 55 percent units less fa then ther femde
equivdents. The influence of body weght (Robdin and Daenicke, 1980) can be seen as
a hift towards more lipids and less proten with increesing live waght. The influence of
feading on compodtion is more complex. Hems et al. (19999 for indance found an
effect of the levd and degradability of starch in the concentrates on the fa content of
the carcass. The influence of additives, eg. hormones, on body or carcass composition
has been reported by numerous authors (Sheckdford et al., 1992; Boucgué et al., 1994;
Moaloney et al., 1994; Vestergaard et al ., 1994; Fiems et al., 1995b).

For stientigs a good edimation of body compostion is very important in order
to adyse the oontinuous changes in the animd’s body compostion during the
expaimenta period without an expensve said daughtering procedure. Based on these
changes the needs for nutrients during the successve growth stages can be determined
and the effect of feeding bdow or above requirements on the find body compostion
can be invedigated. A good edimation technique could dso be usad to divide the
expaimatd animds in homogeneous subgroups a the beginning of an experiment.
Furthermore, a good edimation technique to predict anima compostion is a basic todl,
in opimisng the amount of meat by gendic or nutriiond menipulaion of the
composition of ananimdl.

Because accuracy is much more important for the sdentig then the speed of
messuremeant, reseerch has concentrated on more complex techniques rather than on
smpler methods suitdble for onfam use dthough the later are commeddly very

important.
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Table11.3.1: Comparison of some factors influencing the composition of cattle

Carcass composition estimation from 3 rib-cut % Musde % Fat % Bone
Breed (Clinquart et al., 1994) Holgen bulls 57.6 252 17.2
BB nc’ hulls 61.2 242 14.4
BB dm' buls 747 116 137

Carcass composition estimation from 1 rib-cut % Musde % Fat % Bone
Mesgtiness, type (Fems et al., 1995¢) BB nchulls 65.0 217 133
BB dm bulls 75.9 113 12.8

Carcass compasition from one side dissection % Musde % Fat % Bone
Sex (Shahin, 1995) Mdedm 74.3 14.0 10.9
Femadedm 69.4 195 104

Empty body composition from totd andys's % Water % Lipids % Protein
Weight (Robelin and Daenicke, 1980) Chardlashulls163 kg 715 56 18.7
Charolaisbulls 724 kg 64.0 13.2 18.9

Carcass composition estimation from 1 rib-cut % Mustle % Fat % Bone
Feeding (Fiemset al., 1999 High starch (nc bulls) 68.6 184 130
Low gtarch (nc bulls) 65.5 218 12.7
Additives (Boucguéet al., 1994) Control group (dm bulls) 75.2 12.2 12.6
Cimaterol group (dm bulls) 79.4 82 124

T nc = non double-musdled / dm = double-musded



The mogt frequently mentioned ressons to edimate the compogtion of an

animd’s body in practice are:

- to endble producers to meet the consumer’s demand for a leaner product E.g.
by odection towads leaner animds based on body compostion
edimation)

- it could be the basis of a vaue-based marketing system (Cross and Whittaker,
1992) because the vdue of a mea-prodicing animd depends greglly on
its composition

- it could hep the famer in sdedting those animds of his stock thet are ready
for daughter

- it enables the producer to provide adeguate amounts of nutrients acocording to
the requirements of the animd.

Sdentigs, conaumers, livestock producers and the meat industry dl have
interest in an accurate prediction technique to esimate the body compostion of animas
In order to know the compostion of an animd, the most precise technique is the
quantitative andysis of the whole body. This is rddivdy smple for amdl animds like
mice, ras, chickens and even pigets But in the case of catle it is not only very
laborious, but dso very expendve and timeconsuming. For totd andyss one should
collect dl pats of the fifth quater, during the daughtering procedure, and afterwards
homogenise and andyse them. To andyse the carcass pat, only one hdf of it should be
homogenised. From the compostion of both pats totd body compostion can be
cdculaed. It is obvious tha this technique is not acceptable for daly practice
Therefore, a good non-destructive technique to esimate body compostion is needed,
because it can savetime, energy and resources.

Diffeet techniques exigs to edimate body or cacess compostion post
mortem: prediction of the compostion of the carcass from the dissection of a sample
joint (Torrede and Verbeke, 1966; Ledger et al., 1973) or from charecteridics of a one
rib-cut (Verbeke and Van de Voorde, 1978; De Campenege & al., 1999b); prediction
according to the tissue-sawdugt technique (Williams et al., 1974) based on the andysis
of the sawdust oollected from sawing through the frozen carcass or pats of it on
specified places, eg. through the frozen round, loin, rib and chuck a& 254 cm intervds
(Topd and Kauffman, 1988); prediction based on carcass measurements (Kempdter,
1986); prediction from the totd faty tissue weight (Robein and Geay, 1978), prediction
from the compastion of the noncarcass parts (De Campenegre et al., 1999¢), prediction
based on NIRS (Near Infrared Reflectance Spectroscopy) (Mitchell et al., 1996) etc.

Because dmple extrgpolation of the compostion data from daughtered animds
towards a random weight is not posshble due to the changing compadtion of an animd
during its growth, in vivo edimatiion of body or carcass compostion is needed, to know
the compogtion of an animd tha can not be daughtered. For example when we ae
interested in the change in compostion over a cetain time-intervad or due to a catan
trestment.

The reseach for rdidde techniques to esimae the body or carcass
compogtion of an animd in vivo reslted in different methods Some of them require
expendve equipment, some teke too much time to be practicsble in industry, others
don't give a stidying edimae Degite dl these problems many researchers are il
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looking for a chegp, fat and precticdly gpplicsble technique to predict body
compostion in live animas which proves that it is urgetly needed, for sdetific as
wdl as for indudrid purposes The man difference between these two gpplication
fidds is that for the industry the price and the convenience of use are more importart,
wheress for sdentific purposes the accuracy and precison preval. For the consumer
and the meat industry the carcass compogtion is predominant. For the nutritionist
however, an animad needs nutrients not only for producing its carcass but dso for the
cther parts of the body and for its maintenance (van Es, 1981).

The different kinds of techniques for in vivo esimaion of body compostion
ae on the one hand the infuson techniques with deuterium, tritisted water or urea and
on the other hand the externd messurements of charadteridics of the animd with dl
kinds of eguipment: dating from the smple weaght of the animd, over liner or
volumetric messurement towards more complicated techniques such as conductivity or
impedance measurements.

Although this review concerns in vivo prediction of body compostion in catle
some other techniques will dso be dedt with and comparisons will be made with other
goecies

11.3.2 Estimation techniques

Linear measurement and subjective evaluation

The mogt smple and less expendve technique to etimate the compostion of
an anmd is based on the evduation of the externd conformation. It is undoubtedly the
most commonly used technique in practice It can be based ether on liner
messurements of on a ubjective evduaion or visud assessment. The fird method
condgs of numerous messurements of length, heght, drcumference and other linear
meesurements, usng dl kinds of spedidly daborated cdlipers on the norsymmetricd
surfaces of the animd. Based on different publications, Topd and Kauffman (1988) and
Kempgter (1986) dedided that liner messurements ae not ussful as an individud
predictor for the musde, fa and bone contet of animds The only eeslly obtaingble
meesurement on live animds that can have some predictive vadue is the body weight.
O'Mara et al. (1998) found a corrdation r = 055 between live weight and totd fat
percentage. Wright and Russd (1984a) on the contrary found strong reldions (R2 =
0912 and R2 = 0.918) between live weight (LW) and respectivdy body fa and body
protein with mature cows of five breeds Veazco e al. (1997) published equations for
Holgtein steers between 3 and 12 months of age, predicting kg waer and protein in the
carcass with an R2 = 097 and 0.96 respectively. With mixed-breed steers (210 to 517
kg), Hammond et al. (1988), found an R2-vdue of 0.93 between empty body weight
(EBW) and kg protein in the empty body (EB). The same researchers found for the
same parangers but with Angus stears (219 — 517 kg) a R?2 = 0.87. Reid and Robb
(1971) mentioned a veay high corrdation between the same parametes R2 = 0.997.
However, these results were obtained with hefers ranging from 1 day to 14 months (
45 to 240 kg). Wilkinson and Greenhdgh (1995) found Rzvaues of 0.942 and 0.967



between EBW and kg proten and water in the EB respectivdy, with 66 lambs ranging
in live weight between 14 and 58 kg.

In the subective evdudion the animds ae scored for severd diverse
characteridics, eg. frame sze, body capacity, hedth and fleshing score (Strada et al.,
1989) or condition, capadity, muscle frame and qudity score (Smith et al., 1989). A
common problem for the evduaor is to disinguish between faness and musding.
Visud assesaments are more rdidble as indicators of musding within a narow range of
faness, paticlarly when the levd of faness is low (Kempger, 1982). On the other
hand, visud goprasd is vay subjective meaning that scores for the same animd may
vay with the evaduaor. The resllts of Gresham et al. (1986), dso with mature cows,
indicted that carcass compostion could be predicted from both objective and
aubjective messurements, with the accuracy and precison needed for many purposss.
Gregory et al. (1998) found a reation with ar = 0.75 between condition score and %
body fat with 40 Friesan and Friesan-cross cows. Rémond et al. (1988) found ar =
0.88 between condition score and kg fat in the body. Wright and Russd (1984b) dso
dressad the importence of condition scoring to  predict body compogtion  and
paticulaly body fa, for diffoeet purposss because the technique is vey smple
inexpendve and fed. In agreemet with the above mentioned authors Lewis et al.
(1969) found that the edimaion made by traned evduaors accounted for, on the
average, over twice the variation of the esimation mede by untrained personndl.

The pdpdion technique is the most frequently used technique to esimete the
quartity of subcutaneous fa (Agabrid et al., 1986) and consequertly to evduate if the
animd is ready to be daughtered. Severd spots exig to pdpae the animd, with the
mogt important ones being the flank, the talbone, the udde- or scrotum, the breast
(between the legs and behind) and the lagt rib. Although this technique is very
commonly usad in practice, it isof little sdentific vdue

The liner messurement and subjective evduation techniques ae vay fat ad
often basad on the expeience of the operdor. In practice, this technique is dthough not
redly sidying, uwdly the only dtendive When this technique is usad for
experiments, it is vey important that the operator is wdl traned and that the same
operator evauaes the animds during the complete trid.

Videoimageanalyss(VIA)

To avod adgedivity influendng the visud assesament, techniques were
developed to messure conformadion and body sze unbiased. Kdlwet (1982) mentioned
photogrammetry to evduae and edimate the volume of the animas or certan fractions
of it. With two pars of synchronised flashligt-equipped cameras, one par placed
behind and one par dongdde the animd a wel-defined disances, totd volume or
fractions of the volume were esimated using a computation program.

VIA is based on a cameralcomputer syssem and could be conddered as a more
developed stage of the photogrammetry. It can dso be seen as a replacement for or a
supplement to the visud assessment, but the VIA-technique is not bissed by subjectivity
as is the visud asssssment, and is not dependent on the operator. This technique is
mostly gpplied on carcassss to evauate conformation, but can aso be used to predict in
vivobody composition (Sarensen, 1983; Cross and Whittaker, 1992).
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Wassnberg et al. (1986) found a coeffident of determination of 95.6, usng
the VIA on cross sections of carcasses from 115 steers, to predict totd kilograms primd
leen. With the same technique, Kamuah et al. (1996) found corrdations of 0.70, 0.82
and 0.74 between observed and edimated % lean, fat and bone in the carcass. The most
complege imege andyss sysem for bedf catle was proposed by Borggeard et al.
(1996). Intline andyss eguipment could determine conformation, faness fa  colour,
the % sdedble meat and the cross section area of the rib eye. No references were found
where the image analysis technique was gpplied on live cattle.

Density

This is probably one of the oldet method to edimate body compostion
(credited to Archimedes). The volume of the body is estimated by the amount of water
or gas that is displaced when the subject is submerged in the medium. The weght
divided by that voume and expressed in reation to the reference sandard, usudly water
a 20°C, gives the dendty of the subject. Ancther technique is to mesesure the subject
fird in ar and then submerged in waer a the reference temperature. The specific
gravity is the waght of the subjet in ar divided by the difference between the weight
inar and the weight under water.

According to Miles (1982) thee ae few, if any, reports of succesful
goplication of this method with living cattle dthough the technique proved successul
to messure the compogtion of living humans Some of the mgor prablems with living
animds ae the tractability of the animds the necessay corrections for lung volume
and the varigble content of the digestive system, especialy the presence of air gpaces.

Densty can dso be messured to edimae the compostion of rib-cuts or
carcases, because these objects can easly be messured in ar and in water, without the
problems encourtered with live animds (Torrede and Verbeke, 1966; Ledger et al.,
1973; Alhassan @ al., 1975; De Campeneere et al., 1999b). Wddman et al. (1969) and
Gil et al. (1970) indicaed thet this technique hes a low predictive vdue when fat
content islower than 20 %.

Adipose-cdl size

This method hes been proposed by Robdin (19823) to edtimate body fat. The
technique is mogt useful with daughtered animds, but can dso be gpplied on live
animds dter biopsy. A mean volume of the adipocytes is cdaulaed, by counting and
meeauring the sze of the odls from samples of the different adipose tissues (Robdin
1981h). This technique was gpplied on 12 dry cows and seemed to be as successul as
deuterium dilution to edimate body fa. Due to the hiopsy nesded for sampling the fat
tissue, thismethod is not useful for practicd or industrid purposes.

Dilution technique

The dilution technique is besed on a congant rdaionship between the empty
body water voume and the other components of the body of the animd. If one can
messure the amount of body water and the body weight, the body compostion can be
esimated (Reid et al., 1955; Batle and Preston, 1986). Edimating the volume of body
waer condds in injedting a maker that digributes quickly throughout the totd body
waer compatment. Knowing the quatity of maker infussd and compaing the
concattration of the maker in the compatment before infuson and after equilibrium
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has been reached, the volume of the compatment can be cdculated. Hence, the totd
body water and from thet the fa-free EBW can be edimated and consequently the lipids
and the protein mass in the EB. Based on their dudy, Rule et al. (1986) conduded that
before usng any prediction equation for cdculaing body compostion of catle from in
vivo measuremeant of dilution space, the equations should be tested with a sub-sample of
the cattle populaion its use is intended for. Hammond and Wado (1985) dso decided
thet separate prediction equations might be required for different breeds.

It is obvious that a marker used for infuson should not be toxic and should not
have any physoogicd effect; it should diffuse rgpidy and homogeneoudy over the
totd compatment, it should not be metabdlissble and preferably not foreign to the body
and there should be an accurae and convenient method to determine its concentretion in
the sample taken from the compartment (mostly a blood sample).

According to Geerken et al. (1988) dilution techniques for mesesuring body
waer are recognised as most effective to predict in vivo body compostion. The two
manly ussd markers are urea and labdled water, ather deuterium or tritiated water, but
in the past dso other markers have been evduated, such as antipyrine and N-acetyl-1,4-
aminoantipyrine (Topd and Kauffman, 1988).

The diluion technique has not only been applied with different markers but
a0 on sverd spedies reszarch has been done with nursing fod (Geerken et al., 1988),
non lactating mature cows from differet genotypes (Robdin, 19823 Ferdl and
Jenkins, 1984c), beef dears (Armdd et al., 1985, Hammond et al., 1988), Holdein
steers (Velazco et al., 1997), lambs (Batle et al., 1985), goas (Benjamin et al., 1993),
dogs (Painter, 1940), cats (Kornberg et al., 1952) and men (Bradbury, 1961).

Labelled water dilution

Deuterium oxide is more often usad as a marker than tritiated water because of
the radicactivity of the latter.

Amad et al. (1985 mentioned three agpproaches to determine body water
content after injection with labelled water.

The fird approach is the same as the one modly used with ures, namdy
cdculaing the voume of the body waer by dividing the amount of tracer injected by
the concertration of the trecer in the blood sample when equilibrium has been reached.
It is podulated that the concentration of the marker a equilibrium (Ce) is Smilar to Co,
being the theoreticd concentration of the marker in the totd compatment a the time of
infuson. This gpproach does not take into account the hdf-life time of lebdled water in
the body. The cdculated dilution space is generdly overetimaed with 10 to 15 %
(Robdlin, 1984).

The second agpproach is based on serid messurements of the concentration of
the tracer in the body water, dter equilibrium has been reached, from which the
concentration of the tracer a the moment of injection can be extrgpolated. With this
goproach, dso cdled the one-compatment modd, the cdculaed dilution space is dill
overestimated with 3to 5 % (Robelin, 1982b).

The two-compatment modd or third gpproach only differs from the sscond in
the datisicd andyss of the dilution. The modd is based on the assumption that there is
a difference in diffuson between two compatments being the totd body water and the
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gadro-intestind tract. Robdin (1984) and Armold et al. (1985) concluded that the two-
compartment modd was of no grester vaue than the one-compeartment modd.

The amount of deuterium injected varies beween 01 gkg LW (Leme et al.,
1995) and 05 gkg LW (Robdin et al., 1989), while the blood samples are callected up
t048 (Robdin et al., 1989) or 72 hours (Arnold et al., 1985) fter infuson.

The equdions of some experiments edimaing the body compostion with
deuterium dilution are shown in Teble11.3.2.

The three eguations of Robdin et al. (1989) in Table 11.3.2 for the three breeds
were andysed within one modd. The equations were Sgnificatly different between the
breads but ther intercept wes not dgnificantly different from zero, in contrast to other
experiments. The SD mentioned in the table is the SD of the modd, induding the breed
effect. These breed differences confirm the datements of Hammond and Waldo (1985)
and Rule et al. (1986) metioned aove The man factor influencing the results of
infuson techniques is the vaidion in gedrointestind tract content, which contains a
large amount of water, egpecidly in ruminants. A mgor eror is therefore introduced in
the esimation of the empty body compostion if totad body water is assumed to be equd
to empty body water. To minimise the influence of the gut content, animds should be
feded for & leat 12 hours before infuson. Many mathematicd modds have been used
to predict the waer volume in the gut (eg. the above-mentioned two-compartment
modd), but Arold et al. (1985) have proven that a good prediction of gut water is ill
required.

Arnold et al. (1985) conduded tha the DO technique is not accurae enough
to edimae the compostion of an animd (for scientific purposes) & a catan momet,
but the technique can be conddered usful to detect rdaive differences in body
compostion a differet times for example, during an experiment. Robdin et al. (1989)
conddered the technique mog interesting to messure the change in body fat and protein
in the same animd during an expaimeta peiod. As this technique is very laborious
and timeconsuming it is only rdevant for sdenttific purposes Robdin (19829
compared deuterium infuson with the adipose cdl dze technique and conduded that
both techniques have comparable predictive value, but the later is eesier, chegper, fadter

and independent of the gut content.

Ureadilution
Urea fits wdl in the conditions mentioned aove to be a good marker.
Moreover, urea diffusss very fet over the totd body water content. According to
Preston and Kock (1973) in catle and Meissner et al. (1980) in bulls, after 910 and 10
minutes respectively, equilibium in the totd empty body waer compatment is
reeched. Plasma urea concentrations are then nearly the same as those obtaned when
plasma urea disgppearance curves are extrgpolated back to time of injection.
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Table 11.3.2: Equations relating TBW (total body water; kg), EBWa (empty body water; kg), EBF (empty body fat; kg) and EBP
(empty body protein; kg) with DS (deuterium space; 1) and LW (live weight; kg) or EBW (empty body weight; kg)

Author Compatment  Equation Rz SD
Rabdin et al. (1989): 20 Holstein cows TBW =0.979*DS nr.” 70
Robdin et al. (1989): 9 Charolais cows =0.951*DS nr. 70
Robdin et al. (1989): 10 Limousin cows =0.995*DS nr. 70
Robdin (1981laand ¢): 21 Chardlaisand 21 Friesian =0.968*DS nr. 46
Crabtreeet al. (1974): 6 Friesan and 6 Holstein x Friesan steers = 87.14+0.59*DS 085 105
Ferrdl and Jenkins (1984c): 12 cows of four different types EBWa = 27.4+0.773*DS 092 110
Robdin et al. (1989): 20 Holstein cows EBF =0.905*LW-1.140*DS nr. 72
Robdin et al. (1989): 9 Charolais cows =0.798*LW-0.975*DS nr. 72
Robdin et al. (1989): 10 Limousin cows =0.815*LW-1.047*DS nr. 72
Robdin (1981a and c) =0.769*LW-0.943*DS nr. 54
Crabtrecet al. (1974) =-99.7+0.86*LW-0.68*DS 0.87 130
Ferrdl and Jenkins (1984c) = -25.2+0.952*EBW-1045*DS* 086 15.7
Robdin et al. (1989): 20 Holstein cows EBP =0.0902*LW+0.0727*DS nr. 27
Robdin et al. (1989): 9 Charolais cows = 0.1354*LW+0.0314*DS nr. 27
Robdin et al. (1989): 10 Limousin cows =0.0617*LW+0.1530* DS nr. 27
Robdin (1981aand c) =0.124*LW+0.058*DS nr. 26
Crabtreeet al. (1974) =19.31+0.1875*DS 074 47
Lemeet al. (1995): Nelore steers = 1.94+0.12*LW+0.046* DS nr. nr

"nr. = not reported
* the deuterium space considered to be related to empty body water space based on atwo pool modl



For determining the totd body waer volume the same gpproaches can be used
as the ones used for deuterium dilution. But, due to the fegt dilution of the urea the firgt
goproach is mogt commonly used. In generd, samples are taken a 12 minutes post
mean infuson time because then the highest corrdations are found between US (urea
space) and body compostiona characterigtics (Kock and Preston, 1979). US is then
cdaulaed as a percentage of LW or EBW usng the fdlowing formula (Batle et al.,
1983):

US (%) = mg of ureaiinfused/(chenge in plasma urea.concerttration x W x 10)

in plasma is expressed in mg/100 ml plasma and W (kg) can be LW,
EBW or faded live weght (fLW). When cdcaulaing the US as a volume, the W-factor
is removed from the equation.

In contragt with the deuterium technigue where the amount of deuterium
infussd per kg body weght varies widdy beween expeiments it ssams genedly
accepted to infuse urea @ 130 mgkg body weight. More dissgreement concerns the
removad of the feed and/or the water. Preston and Kock (1973) removed the feed and
waer the evening before infuson of the dears Vdazco et al. (1997) only removed feed
24 hours before infuson of Holsein deers while Batle et al. (1987) infused non fasted
deersand heifers

According to Batle and Preston (1986) urea only diffuses very dowly into
reticulo-rumind water and the quantity diffused in that ssgment within 12 minutes after
infuson is of no dgnificant importance This could explan why eg. Preston and Kock
(1973), who fagted their animds, and e.g. Batle et al. (1987) who did not remove the
feed before infuson, both found satisfying corrdaions Urea gpace is thus consdered to
etimae EBWa (empty body water) plus an overestimaion with the volume of urine
produced during the dilution time (Bartle and Preston, 1986). This is in disagreement
with Messner (1976), who found that urea pace a equilibium messured totd body
wae and not medy waer exdusve of digegtive tract. The volume of diffuson,
usudly cdled urea space (US) can be used to edimate EBWa, EBP (empty body
protein) and EBF (empty body fat).

The short equilibration time the limited hendling of the animds (only two
samples) and the rddivdy smple andyses of urea are the mogt important advantages of
thismethod (Bartle et al., 1983).

Reslts of dffeet expaiments usng urea infuson in esimaing body
compasition ae shown in Table 11.33. The postive efect of induding live weght in
the eguation to esimate body components is shown by giving the equations with and
without LW. From Table 11.3.3 it can be conduded that the esimation of the water and
protein content is quite reidble, while the precison to edimae the fa component from
urea spece s less satifying.

Reid and Robb (1971), Hammond et al. (1988), Vdazco et al. (1997) and
cthers found no added benfit in usng the urea dilution technique over LW or EBW to
etimae cacass compostion. Both found very high Re-vdues between EBW and
cacass or body water (0.97 and 099 respectivdly) and protein (0.96 and 0.99
repectively), while the R with fa were somewha less good (084 and 0.74
reppectivdy). Urea dilution is less time-consuming then deuterium, but for industrid
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use, this technique is ill too laborious Wels and Preston (1998) invedigated the
posshility for practicd use of the urea dilution technique in a sdetific project. They
found no adverse efects of repeated urea dilutions on peformances, and the technique
accuratdy evduaes catle of different breeds This technique is useful for sdettific
purposss. It reguires no expendve equipment and messurement does not take too much
time

Urinary creatinine excretion (UCE)

Some fifty years ago differet authors found evidence that winary credtinine
excretion was highly corrdated to body weight or to the lean tissue of the aimd. The
daly excretion of credtinine is not afected by protein intske The differences between
individud animds are lager then the differences between the exardions from day to
day in the same animd. As the leen tissue of an animd can be consdered not to change
markedly from day to day, it cen be expected thet credtinine excretion may be of vdue
in predicting differences in the leen tissue contet of animds (Lofgreen and Garett,
1954). Fachney et al. (1995 however, found that cregtinine excretion could be
influenced by di¢. Dapoza et al. (1999) conduded that digtary protein leve only
sacdy influences the cedinine exadion if totd urine production is collected.
Borsook and Dubnoff (1947) found that 98 % of the credtine reserves of tre animd are
preent in the musdes manly in the foom of phosphocredtine From that credine
goproximately 2 % isdaily converted into creatinine, which is excreted in the urine.

Schroeder et al. (1990) sudied the relationship between UCE and lean body
mass (LBM), EBP and skdetd musde protein (SMP) in beef steers. The Re-vadues of
the equations predicting the LBM, EBP and SMP from urinary credinine excretion
(UCE) were 0.84, 0.81 and 0.75 respectively. When fLW was added as an independent
vaiable the accuracy of the predictions greatly improved towards 0.98, 0.98 and 0.95.
Lofgreen and Garet (1954) found a corrdation of r = 0.67, between the credtinine
excretion and the percentage separable leen in the soft tissue of the 9-10-11th rib-aut in
a study with 18 Hereford seers The leen in the rib-cut was on its turn highly corrdated
(r = 0.90) with totd lean in the carcass.

Van Niekerk et al. (1963) dated after research with 65 sheep that totd EBP,
EBW and the fa-free mass of the ingesta-free body were esch highly corrdated (esch
time r = 0.97) with the anount of credtinine exareted in the wrine Forbes and Bruining
(1976) found a higher corrdaion, but dso a higher standard deviaion (r = 099, SD =
257 kg) between LBM and UCE with 34 adults and children, dthough they edimated
the LBM by the “X technicue (see later).

For this technique, a totd collection of the urine over a least a 24-hour period
and a dmple andyss method is needed. For animds the wrine is usudly collected over
sverd days and a composite sample is andysed. Except for the collection of the urine
this technique is vay smple litle time-conauming, requires no high invesmeantts and
gives mog sdidfying corrdations.
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Table 11.3.3: Equations relating EBWa (empty body water; kg), EBP (empty body protein; kg), EBF (empty bodly fat; kg) and HCF
(half carcassfat; kg) with US (urea space; 1) and LW (live weight; kg) and the Re-values

Author R? R2

Ru EBWa =20.7+0.94*US 083 EBWa = 31.3+0.16*US+0.34* LW 098
Ha =33.8+0.90US 0.92 = 35.4+0.54*US+0.16* LW 0.9
Hb =55+0.97*US 0.89 =17.1+0.57*US+0.15* LW 093
Hc =20.6+0.93*US 0.95 = 6.7+0.37*US+0.33*LW 097
B =22,0+0.93*US 0.95

M =1.02*US nr.'

Ha EBP =-4.3+0.31*US 090 EBP = 5.0+0.14* US+0.072* LW 0
Hb =-1.6+0.32*US 0.85 = 3.8+0.13*US+0.072* LW 092
Hc =-1.240.31*US 0.95 = -57+0.13*US+0.10 LW 097
Ru EBF =-64.1+0.87*US 066 EBF = -48.3-0.29*US+0.50* LW 095
Ha = -56+0.69*US 055 = -51.3-0.43*US+0.50* LW 0.81
Hb =-81.6+0.97US 0.45 = -227-1.07*US+0.78* LW 091
Hc =-19.8+0.30*US 0.83 = -22.1+0.21*US+0.054* LW 084
B =46.4+0.14*US 0.04

M =0.26*US nr.

J HCF =10.5+0.09*US 019 HCF = -27.4+0.11*US+0.16* LW 039

Ru: Ruleet al. (1986): 28 crossbred steers of 6, 12 or 18 months/ Ha: Hammond et al. (1984 and 1988): 68 mixed-breed from 210
to 517 kg / Hb: Hammond et al. (1984 and 1988): 50 Angus steersfrom 219 to 517 kg / He: Hammond and Waldo (1985),
Hammond et al. (1990): 38 Holdein steers from 143 to 404 kg / B: Bartle et al. (1987): 27 Hereford x Angus and 27 Chianina (27
mae, 27 femde) from 234 to 288 kg / M: Mesxer et al. (1980): 20 bulls 101-772 kg / J Jones et al. (1982): 25 Holgein cows and
30 Steers

"nr. = not reported



Hormone measurement

Some hormones play an important role in growth and devdopment and in the
metabalic raes, and may have dso a mgor influence on body compostion. Insulin, for
example regulaes the cabohydrae metabolism and influences protein synthess In
may mammalian gpecies obesty ssems to be associaed with a high insulin secreting
ability wheress low insulin secretion is associated with leanness. Gregory et al. (1980)
found for catle as was previoudy proved for norruminatts thet only agereaed
dffereces in faness can be etimaed from the insulin seoretion, wheress the
differences in faness between animds of the same age ae not assodaed with insulin
secreting ahility.

Other important hormones playing a rde in the metabolism of growth are
adrenaline and noradrendine, growth hormone, and thyroxine and triiodathyronine.

Miles (1982) concluded that more research is needed to provide a fundamentd
undaganding of the function of the hormones in the body and ther rdation to body
compostion. Iniiadl dmple atempts to rdae plasma hormone leves to the body
compaosition of cattle have been unsuccesstul.

Wholebody “K counting

Because a direct rddion exists between potassum and leen body mass, and an
indirect reldion with body fa, body compostion can be predicted by counting whole
body “K. Of adl nauraly occurring potassum, approximaely 0012 % is made up of
the radioactive isotope “°K, the rest comprises the steble isotopes *K (93.2 %) and “K
(68 %). The gamma radiation (& 146 MeV) emitted by the “K isotope can be
messured and used to edimate totd potassum content and hence totd body protein and
leen mass. Lohman and Norton (1968) reported the standard error for esimation of totd
body potassum to be 34 % and 4.2 % when edimating the carcass leen mass Frahm et
al. (1971) predicted the FFL (fat free leen mass) of besf bulls with the following
equation: FFL = 364 + 00064 KC (r = 0.86), where KC is the average of two “K
counts. Domermuth et al. (1976) found corrdations between the leen cut weight and the
“K countsof r =0.72 and r = 0.69 in two experiments with swine.

The method is only accurate when precautions are taken to avoid background
radigion during the messurement. Uncatainties can aise from differences in  body
shape and postion of the subject, and from radicectivity of the gastro-intestind contents
(Frahm et al., 1971). The huge and expensve gpparaus needed for the counting of the
potassium mainly restricts the use of thistechnique.

Ultrasound measuremert

As the meat industry moves towads a vaue-based marketing, ultrasound
sems to be one of the mogt promisng techniques to estimae predaughter body
compostion (Furssy et al, 1991). This technique is fagt, nondedructive and reaivdy
inexpendve (Faulkner e al., 1990). Cross and Bek (1994) mention severd distinct
advantages of the ultrasound technique 1) it may be usad on live animds 2) it may be
used on daughter floors before hide removd; 3) with devdopment it may accurady
predict traits reaed to pdaability (eg. mabling); 4) it offers no hedth hezards 5) it
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would dlow complete automation of grading and remove the dement of human eror;
and 6) with devdopment it offas great compatibility with integrated atificid neurd
networking technology.

Present ultrasound  techniques modtly predict the cortent of intramuscular fd,
mabling score or m. longissmus area from scans on carcasses, meet or on the live
animd. From these edimaes regresson equations can be drawvn to etimae water,
protein and/or fat content of the carcass or body.

The badc prindple of ultresonic esimation of body compostion is the patid
reflection of high-frequency sound Sgnds pesing through tissues when  encountering
an inteface between two tisues The highffrequency sound dSgnds originge from
dectricd pulsss that ae conveted by a trensmitter. The sound Sgnds are pessed
through the tissues until reflected a an interface A recaiver then picks up the reflected
dgnds that atewads can be amplified and monitored on an osdlloscope. While
passng through the tissues energy is removed from the soundbeam due to different
lossss sauch as absorption, digperson and scateing (Whitteker et al., 1992). This
reduction of amplitude is cdled ultrasonic atenudtion. These losses ae frequency
dependent and theefore a sound of lower frequency will penetrate further into soft
tissue than a higher frequency sound. For this reeson a frequency of 3 Mhz is more
gopropriate for deeper locations in the body (area of m. longissimus), whereas a 5 MHz
frequency is better for andysng tisues dose to the body suface (fa thickness)
(Houghton and Turlington, 1992).

For practicd use in body compogtion, didinction should be mede between
three types of ultrasonic mechines, which differ from eech other in the way the results
of the scans are digplayed (the output mode).

The dmples form is the ‘A’-mode or amplitude mode ultrasonic technique.
This machine gives a one-dimensond representation of the reflected sgnd by platting
the megnitude (amplitude) of the reflection agang time. The result on the sreen is a
curve, or pesks superimposed on a time basding, with the disance between the pesks
being a measure of the thickness of the tissues The Krautkramer is an example of an A-
mode ultrasound ingrument.

The ‘B-mode or brightness ultrasonic machine shows the Sgnds on a cathode
ray tube as a graylevd image It is a twodimensond display of dots The different
levds of gray are represented by a series of bright spots with differing digances The
distances between the spots are representative for the thickness of the tissues. The image
represents a plane avay from the transducer. These machines are usudly equipped to
move across the body of the animal and meke different ultrasonic scans, which then can
be monitored on a screen or gored on Polaroid film. The Scanogram is an example of a
‘B’-mode ultrasonic mechine

The red-time ultrasonic machine produces a pratticdly indant picture by rgoid
dectronic switching from demett to dement. The besc principle is smilar to the one
explained above but with this equipment movements of the tissues can be seen thanks
to the continuous nature of the picture. It could be consdered as a B-mode ultrasound,
from which the images are updated a video rae. As an example the Danscanner can be
mentioned.



M-mode or motion-mode is a combination of the three previous sydems It
represents on the horizontd axis the dapsed time and on the veticd axis the distance
from the trangducer. The amplitudes of the reflections ae plotted as graylevd
intensties a thar regective locaions on the veticd axis This technique is modly
used to digdlay moving organs such as heat vaves No reference for estimating body or
carcass composition was found using this equipmernt.

To interpret the pictures of the B- and red-time-mode scanners, a planimeter,
linked to a computer or a microprocessor, is used to esimate depths and aress of the
pictures.

The rdaionship between ultrasonic messurements and carcass characteristics
is usudly described by smple corrdations but it should be kept in mind that this
paraneter is influenced by totd variaion in weght and carcass compostion among the
animds messured (Andersen, 1975). A literature review of corrdaions between
ultrasonic measurement and carcass characteridicsisshownin Table11.34.

A-mode is mainly ussd on mea to etimate fa andor moisture content. One
datigicd reult of the A-mode san is the ultrasonic longitudind  speed.  The
longitudind speed for pure fa is 145 m/s wheress the veodity through leen musde is
goproximatdy 158 m/s (Goss et al.,, 1979). Through bone, sound travds a
goproximatey 3.10 mv/s (Houghton and Turlington, 1992). Whitteker et al. (1992) found
acocordingly a gradud decreese of the longitudind  gpeed  with  increesing  fat
concentration in the meat sample (r = -0.71). The corrdation of longitudind speed and
visud marbling was merdy -0.49. Park et al. (1994) found respectively r= -0.82 and r =
-0.72 for the same corrdations Another datidicd output of the A-mode is the
atenuation. Whittaker et al. (1992) found thet, even though the corrdation between
ultresonic  dtenuation and fat concentration was not high, the ultrasonic  atenuaion
increesed gradudly as the fat concentraion increesed and the atenuation was more
sendtive a higher frequendes

As the ddidicd result of a B-mode scan, the Fourier transform (Fourier mean,
dandard devigtion and count), fractd dimenson, dope being the atenudion of the
image intendty of each column, and some parandeas of intendty (meen of image
intensty, standard deviation of image intensty and intensty count) can be interpreted.
Whitteker et al. (1992) found most of the individud parangers of B-mode ultrasonic
images from live animds to be beter cordaed with marbling score then parameters
from scans on daughtered animds. The respective Re-vdues for non-enhanced live and
post-morta scans were 0.66 and 0.45, while for enhanced (output images corrected for
noise) scansthey were 0.46 and 0.23.

Compaing an A-mode (Sonatest) with a B-mode (Scanogram) ultrasound
mechine, Kempster et al. (1981) found more precise predictions of carcass leen and
subcuteneous fat with the Scanogram than with the Sonatest. With that better B-mode
utrasound it was posshle to reduce the resdud dandard devigtion of predicted
percentage leen to less than 20 %. Tong et al. (1981) dso concduded the B-mode
(Scanogram) to be better then the A-mode (Krautkramer). Gillis e al. (1973) dso
compared an A-mode (Krautkramer) with a B-mode (Scanogram) device in an atempt
to edimae fat thickness and rib eye aea in catle They concduded tha the A-mode
ultresound technique, dthough the dowest one, is recommended, provided that it is
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used by an expeienced and competent operator. He found little difference in estimating
the fa thickness but when predicing the loin eye aea the A-mode technique gave
better results (Table 11.34). This contradiction could be explaned by an expeiment
peformed by Hering et al. (1994) who found an important influence of the operator on
the results According to them it is necessary tha dl ultrasound operators undergo
rigorous training and testing. Wadner et al. (1992) found two groups of condusions.
Some resaches found ultrasound messurements of physcd  dimensons ad
subsequent prediction of carcass characteridtics to be quite accurate, while others found
low corrdations between carcass and ultrasound messurement for catle and shegp and
high corrdations for pigs. Besdes large operator effects, differences could be caused by
contributions of instruments;, hide thickness, haircoat length, weight and fat thickness

With Red-time utresound equipment Wddne e al. (1992) found, in
agreement with Paret et al. (1987) in catle and others in swine (Kreider et al., 1986)
and sheep (Hopkins 1990), tha as fa thickness increased, the accuracy of the
messurement  decreased. Moreover, they found a tendency to overesimate thin catle
and underestimatefet cettle.

Faulkner e al. (1990) found red-time ultrasound to be an accurate and precise
method for messwring fa thickness in live catle In combingtion with live waght and
hip height, red time ultresound can be used to predict accuratdy and precisaly
percentage of fa and bone and kilograms of fa and fat-free leen for mature cows.
Perkins et al. (1992) and Smith et al. (1992) both found rea-time to be a good etimator
for carcass fat thickness, but the technique to edimate the m. longissimus area warrants
further investigation.

The man disadvatage of ultrasound messuremeant is that the sound sSgnds do
not gt degp enough into the body to have a whole crosssection scan of the body
(Szabo et al., 1999). For that reason techniques such as nudear magnetic resonance and
computerised  tomogrgphly  (see  further) have higher potentid  for prediction of body
compostion. Nevethdess the technique may succesd in ranking the animds with
regad to fanes in near daughter weight range This explains the successful gpplication
of ultrasound in breeding programmes (Szabo e al., 1999). Roder e al. (1996)
conduded tha the information from in vivo ultrasonic messurements for the edimetion
of carcass composition isof limited use and does not judtify the expenditure and effort.

In recent years research on ultrasound seems to have focussed more on post
mortem prediction of ribeye area and backfa thickness €.9. Moser et al., 1998; Griffin
et al., 1999).
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Table 11.3.4: Review of correlations between in vivo ultrasonic scans and carcass characteristics LMA (m. longissmus area) and FT

(fat thickness) in cattle

N’ mode Equipmet Animds Weight (kg)®  LMA FT

Gilliset al. (1973) 31 A Krautkramer heifers 375 0.88 0.61
Hedrick et al. (1962) 47 A Branson Sonoray 5 heifers + steers 308-420 0.58 053
Hedrick et al. (1962) 28 A Branson Sonoray 5 steers 444-594 0.89 0.63
Hedrick et al. (1962) 57 A Branson Sonoray 5 steers 304-442 0.78 043
McReynolds and Arthaud (1970) 39 A Branson Sonoray 52 bulls 232-418 n.r.} 0.61
McReynolds and Arthaud (1970) 24 A Branson Sonoray 52 steers 229-387 nr. 0.38
McReynolds and Arthaud (1970) 10 A Branson Sonoray 52 bulls + steers nr. 0.95 n.r.

Tong et al. (1981) FH A Krautkramer mixed 483 (29) nr. 054
Tong et al. (1981) 98 A Krautkramer steers 442 (37) nr. 057
Davis and Long (1962) 60 B Branson Sonoray steers nr. 0.87 0.90
Gilliset al. (1973) 65 B Scanogram heifers 375 0.56 0.65
Tong et al. (1981) 98 B Scanogram steers 442 (37) nr. 0.61
Watkins et al. (1967) 40 B Branson Sonoray 510 mixed 450 0.57 0.80
Watkins et al. (1967) 40 B Branson Sonoray 510 mixed 450 0.69 0.93
Watkins et al. (1967) 40 B Branson Sonoray 510 mixed 437 0.37 0.72
Faulkner et al. (1990) 47 RT Technicare cows 446 (61) nr. 0.89
Miller et al. (1986) 50 RT nr. mixed nr. 0.96 0.88
Paret et al. (1987) trid 1 27 RT nr. heifers + steers 263-360 nr. 0.81
Paret et al. (1987) trid 2 929 RT nr. heifers + steers nr. nr. 043
Paret et al. (1987) trid 3 245 RT nr. steers 260-440 nr. 0.73
Perkins et al. (1992) 646 RT Aloka heifers + steers 490 (42) 0.60 0.75
Perry et al. (1989) 18 RT nr. nr. nr. 0.76 0.86
Perry et al. (1990) 53 RT Generd Electric Datason steers nr. 0.96 0.90
Smith et d. (1992) 315 RT Aloka yearling steers 502 (36) 0.89 0.81
Smith et al. (1992) 137 RT Aloka yearling steers 529 (37) 0.63 0.82
Stouffer et al. (1985) 51 RT nr. heifers + steers 355-686 0.87 0.78
Waldner et al. (1992) 60 RT Technicare bulls 148-828 0.73 0.86

"N = number of animdsinvolved inthetria /™ n.r. = not reported / * weight: x = mean, x (y) =meen (SD), X - y = range



Computerised tomography (CT)

This is one of the mogt promisng techniques for the edimation of in vivo body
compostion. The apparatus is equipped with detector-cdls to measure the amount of x
ray passng through the body. By rotating a x-ray source and detector 360° around the
object the dendty of the different body tissues, at different disances of the xray can be
cdculated, based on the absorption data (Forrest and Judge, 1994). As such the density
of ar is -500, lung tissue has vaues between -200 and -100, fa tissue between -100 and
0, muscle tissue between +30 and +100 and bone between +400 and +500 (Skjervold
ad Vangen, 1981). A computer then cdculaes the dendty in each point and
recongtructs a dice through the object. As such the compostion of the dice and of the
total body can be estimated.

From prdiminay dudies with 23 pigs Skjevold (1982) found R2-vdues
between the dissection of the dice and the edimation of the compostion of the dice of
0.89 for fat, 0.80 for protein and 0.85 for water. For the dissection of the tota body and
the estimation of totd body compostion by CT he found Re-vadues 0.89 for fat, 0.83
for proten and 082 for waer. Surprisngly, the figures for the totd body compostion
edimaion were as good as thee for the edimdion of the dice Skjervold (1982)
conduded that with use of more then one dice and by removing the CT-vdues that
destribe the intedines someach ec. from the tomographic dice the esimaion can ill
improve. Standd (1984) bdieved that it would be posshle to edimae cacass
compostion of animds with aout the same accuracy as with daughtering and
dissection procedures.

One of the mgor advantages of CT and MRI (see further) techniques is tha
ingeed of using prediction eguaions, which ae mosly breed and pecies dependent
and need to be revdidaed regulaly, the direct messurement of tissue volume is
possible independently of the shape of the body (Szabo et al., 1999).

In humen medicdne this technique is frequently used. However, as these
techniques are adopted from human medicing the sze of the animds is limited to a sze
comparable with tha of humen beings For practicd use in catle some adgptations
have to be made (Skjervold and Vangen, 1981). No references were found gpplying the
CT technique on catle so far. The cog, the time to make an edimae and the necessity
to anaesthetise the animd before scanning are the mogt important factors to ded  with,
before this technique can become applicablein practice.

Dual-energy X-ray absorptiometry (DXA)

In recent years this new technique has evolved from an other technique, dud-
enargy photon absorptiometry  (DPA), which was origindly developed for measuring
the dendty and the minerd mass of the bone in humans (Mitchdl et al., 1996). The
theory and methodology for meesuring body compostion usng DXA is based on the
difference in dtenuation of low (38-keV) and high-energy (70-keV) x-rays by fa and
other oft tissues DXA has been tested in vivo on ras (Jebb et al., 1996) and pigs
(Mitchdl e al., 1996 and 1998). The technique ssemed promisng but only after
cdibration and adgptation of the oftware used for the experiment. For catle, no
reference was found except on andyss of beef rib sections (Mitchdl et al., 1997). The
authors concluded thet further cdibration is needed, but DXA gopears to be a vdid
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agoproach for meesuring the compostion of cuts of besf where the compostion is
desired without deboning, dissecting or homogenising.

Nuclear magnetic resonanceimaging (magnetic resonanceimaging: MRI)

The demetts of odd aomic number have a magnetic fidd, which strength and
orientation can be described by vectors Without a srong externd magnetic fidd, these
vettors are oriented randomly in pace, 0 their summation is zero. But in a grong
extemd magnetic fidd they are digned manly in the direction of the megnetic fidd's
longitudind axis and resonate & a paticular frequency. After dtering the direction of
the aoms ther megnetic fidd by gpplying a radio frequency on the transverse plane of
the longitudind axis the megneic vector of the aoms recover their origind postion,
generating asmdl radio frequency signd which can be detected.

Practicdly, MRI imaging machines conds of a magnet with a centrd opening
large enough to accommodate the subject (animad or human). That magnet applies a
grong and uniform megnetic fidd to the subject. Because the nudel of aoms with an
odd number of protons andlor neutrons are dightly magnetic, that fidd digns these
nudd. The mogt abundat of thee nude is tha of the hydrogen aom, condging of
one dngle proton, predominantly occurring in water and in the -CH, groups of free
lipids such as in adipoe tissue (Ettinger et al., 1983). When supeimposing dightly
changing magneic fidds on the man fidd (by pasing dedric currents through
absdiay ools endosng the animd), the concentration, didribution and properties of
the protons in the body cen be explored by meesuring the dectromagnetic sgnds
rediagted by the protons (Wels 1984). MRI messurements visudise the tissues
according to their obseveble proton dendty and the rdaxation time Baulan (1997)
discussed the use of MRI in animd science very extensively.

As discussed before, the CT scan technique seems to be very promising for the
future, but theoreticaly, MRI gives even more posshilities The results of the CT scan
ae pixds with diffeoreit Huvdues (Houndfidd unit), which ae then converted to
different grey vdues Thee vdues ae s0ldy in function of the X-ray atenuation ahility
of the tissue (Szabo et al., 1999). In the caze of MRI, the grey vadue of the pixds
depends on severd fadtors proton density, vdodity of the flowing body fluids and T1
and T2 (rdaxaion condants), which are two parameters describing some characteridtics
of theaoms (Szabo et al., 1999).

The mogt important advantages of this technique according to Miles (1982)

ae
- the technique is norrinvesve and uses nonvionisng radidion (end is as such
considered as sve)
- the dectromagnetic radiation pendrates bone-tisue and degply into the body
without Significant attenuation

- it messures the densty didribution of hydrogen, the mogt abundant dement in the
body, and does so with ussful tissue discrimingtion.

Fuler et al. (1984) and other authors found good imeges of the musde, fa and
bone portions of the dStes scaned with pigs Severd aithors dso found good
correlaions between MRI messurement and body compostion with pigs (see Szabo et
al., 1999). No data were found on predicting body composition in live cattle with MRI.
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This egimation method hes great potentid, but unfortunatdy, the technique is
very expensve and complex.

A secid goplication of the MRI technique is the topicd MRI, by which a
paticula region of the living mammdian body is focussd and high-resolution spectra
are obtaned (Miles, 1982). The extent of the region can be made lager or smdler and
its pogtion can be manipulated to messure the concertration of important chemicds a
spedific postionsingde the living mammalian body.

The MRI technique has first been deveoped for human medicine and later on,
been adgpted for the use on animds. MRI, dso cdled NMR (nudear magnetic
reonance) could provide an additiond in vivo method for assesing the meatffat raio
and for gving infomaion rdaed to the chemica compostion of the tisues
(Worthington, 1983).

The man problem for agpplication with cattle is the dze of the adult animds
The object has to be surrounded by a magnet, which is not absolutly necessary for the
CT-technique. Besides, the same problems as with CT scan have to be dedt with
(sedation and cogt and time of measurement). The high codts and the lack of portability
exdude gengrd and intensve application of both techniques, but they could be applied
in research and breeding schemes (Szabo et al., 1999). The very high precison of CT
and NMR is very promisng and these techniques could therefore become an dterndive
for totd body andyss as a cdibraion mehod in expeimets evduaing other
edimation techniques. Before thet, some sarious development has to be done espedidly
for cattle

Electromagnetic Scan (EM S)

Electronic meat-measuring equipment (EMME)

The conogpt of this technigue is based on the much higher dedricd
conductivity of musde then of fa. For the messurement, an dectricd current passes
through a coil that surrounds the animd. That current produces an dternating magnetic
fidd, which on its turn induces eddy-currents in the animd’s body. These eddy-currents
generate amagnetic fidd that can be measured by a change of the impedancein the cail.

With pigs, Domermuth et al. (1976) found a R2 = 0.78 between live EMME
meeaurement in  combindion with shrunk body weight and the weght of carcass
protein.

Although the messuring device is quite big (= 1.8 x 24 m), the important
advantage of this technique is the speed of the messurement. While an animd passss
through the centrd tube, which is surrounded by the coil, a smdl high frequency current
is induced through the coil and the change in drive current characteridics is anaysed.
The reault is a Sngle EMME number that can be read directly from a digitd did. Thus,
pigs can be messured as quickly asit is possble to move them through the instrument.

In generd, the results obtaned with this technique are too vaiable to be
acceptable for use in practice (Fredeen et al., 1979; Mersmann et al., 1984; Tope and
Kauffman, 1988).
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Electromagnetic Scan (EMS)

The EMME technique is now conddered as ‘one of the first gpplications of
EMS (Gwartney et al., 1994). Based on the same principle as the EMME, beng the
difference in dectricd conductivity and the didectric propeties of the different tisues
the result of an EMS-san is a curve wheress the EMME reaulted in a single figure The
intid unadiusted pesk, ds cdled the conductivity index, the smoothed peek and the
area under the curve are three characteridics of the scan that can be used to predict the
compostion of the scanned subject (Gwartney et al., 1994). The scanned subjects are
modly pig or lamb carcasses (Akridge et al., 1992, Berg et al., 1994a and b) or beef
primd cuts The mehod is fest, accurate, norrinvesve and rdisble (Gwatney et al.,
1994). Gwatney et al. (1992) found EMS to be an dfective technology for
determination of leen content in besf quarters and rounds, accounting for 85 to 90 % of
the vaiaion. Lin e al. (1992) found the conductivity index to be the most important
vaiddle in the prediction of leen contet in larger meat cuts (chuck and round), while
for the smdler meat auts the weight was most important. No reference was found where
live animas were scanned with the EMS,

Biodectrical impedance analysis

Like many othes this mehod aose from initid work on humans in whom
impedance measurements were used to predict totd body weter (Cosgrove et al., 1988).
The besic prindple is to trangmit an dtemnaing dectricd current (modtly used 800 A
a 50 kHz) from one dectrode to another through the body and to messure the voltage
drop that has occurred over the body, between the two dectrodes, with an impedance
amplifier. The conductance or resgance is dependent on the geomeric configuration,
the vdume of the bidogicad conductor, sgnd srength and frequency of the applied
curent. For the same amount of mass larger amounts of fat increase resstance because
resgance increases as totd body water decresses and with incressed fat, totd body
water decreases (Marchdlo and Sanger, 1994). In practice, the dectrodes used ae
needes insated in the body of the animd, usdly the badk, or duminium fall
electrodes placed on the surface of the animd.

Generdly, a four-temind plethysmograph is usad, of which dectrodes are
placed in live animds dong the dorsd axis or on the sde of the carcass a wdl-defined
spots. Most commonly a current & 800 pA and 50 kHz is used for messurement.
Hegaty et al. (1998) however used a multi-frequency apparatus on lamb carcassss a a
current of 1.5 mA and for 378 logaithmicdly spaced frequencies between 1 and 916
kHz.

Marchdlo and Sanger (1993 and 1994) usad 33 beef cows with a wide range
of weght, age and faness to evduae the BIA technigue They found Re-vaues for kg
lean of 090 and 095 for live and bled animds and 094 and 092 for hot and cold
carcases, while for fa-free muscle they found 0.87, 0.93, 090 and 0.87 repectivey.
They conduded thet BIA is a rgpid, non-destructive method for determining the lean
and fa-free musde content of live animds and carcass bedf, that it can be used as a
vaue based marketing tool and thet BIA has potetid for use in gendtic sdection of
superior animds Johns et al. (1992) found <difying coefficdents of detlermingtion
(089 and 0.83) for predicting totd leen and fat in beef carcassss usng BIA. Vdazco et
al. (1999 evaduaed in vivo BIA with Holstein geers & 3, 6, 9 and 12 month of age
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Based on the pooled data, they found correaions between resstance, reactance and
impedance with carcass fa-free mass of -0.73, -0.76 and -0.73 respectively. Marchdlo
and Sanger (1994) proved that BIA can dso be used to determine weight of skdetd
musde and fa-free skdetd musde of bedf cow primd cuts There is dso potentid for
objective measuring of the marbling of meet.

Swantek et al. (1992), for live pigs and pork carcasses, Berg and Marchdlo
(1994), for live lambs and lamb carcasses, and Sanger et al. (1994), for lamb retail cuts,
found comparable and promisng results The messurement is rgpid and smple yet
precise it hes a high repeatability, reguires rddivey inexpensve equipmet and it
doen't reguire an espedidly skilled individual for its operation.

11.3.3 Conclusion

Severd techniques exig to esimae in vivo body compostion of animds
Depending on the expaiment and the drcumdgtances the most gopropriate technique
should be chosen dta conddeing finencid posshilities, the expected speed of
measurement and the required accuracy of the result.

Mog techniques are developed for scientific purposes, and are therefore too
expendve or too timeconsuming for use in practice During the past decades severd
new techniques have emeged, mosly bassd on modern technology, such as dud x-ray
aborptiometry,  computerissd  tomogrgphy,  nuder magnetic resonance and
dectromagnetic scan. Although very promisng for sdentific and probebly for industrid
purposes, none of these techniques provides any help to the needs of the farmer to have
an idea aout the compogtion of his animds He is Hill committed to visud assesament
or liner messurement. Moreover, mogt of these techniques are ill not adapted to be
used in catle

The mog promisng technique seems the biodedricd  impedance
meesurement. The indrument is rdaivdy chegp, the messurement tekes very little
time is accurae precise and has a high repestability and above dl no spedidised
operator is needed.
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Il Feedingtrials

General outline of Chapter |11

As a basc tod for determining the energy and proten standards feeding trids
ae indipensdble  Therefore, two feeding trids, repested over three and two series
repectivdy and involving a totd of 333 BB dm hulls were desgned to investigate the
influence of different energy and protein trestments on the performances.

The fird feading trid dudied the influence of six differet energy-protein
combinations on the peformance and on the carcass and meat qudity of BB dm hulls.
Therefore, two energy levels, and within eech energy levd, three protein levds were fed
during the entire finishing period. This trid is described in Chapter 111.1: “Influence
of dietary energy and protein levelson performance, carcassand meat quality”.

Based on the resllts of that firgt trid, a second trid wes desgned. The
influence of phased energy and proten feeding on the performance and carcass qudity
was invedigaed. The trid combined four different energy-protein trestments. The am
was to adjust the proten and energy feeding to the changing nesds of the animds This
seoond  feeding trid is described and its results ae reported in Chapter 111.2:
"Influence of phased energy and protein feeding on performance and carcass
quality” .

In order to make compaison between the two trids eeder, the programmed
and andysed energy and protein levds of the different trestments of both trids are
shown together in Figurelll.1.
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Figure Il1.1: Overview of the programmed and analysed DVEc (g'kg DM) and NEF (MJkg DM)
contents of the rations of both feeding trials
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ow (L) or high (H) energy (E) in combination with L, moderate (M) or H protein (P)
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[11.11nfluence of dietary energy and protein levelson
performance, carcass and meat quality

[11.1.1 Abstract

The effect of three protein (77, 97 and 117 g DVE (true protein digested in the
smdl inteting) per kg dry matter (DM)) and two energy levels (7.38 and 803 MJ NEF
(net energy for fatening) per kg DM) on the peformance of Began Blue double-
musded finishing bulls and on the qudity of ther carcasses and megt was investigated.
The di¢t, fed ad libitum, conssted of 65 % concentrates and 35 % maize slage on DM
bess

No sgnificant influence was found of the energy level on the growth rate. The
low protein leve reduced daly live weight gain between 370 and 501 kg (143 kg on
average vs. 1.60 and 1.66 kg daly; P < 0.01). During the second and third subperiod,
protein levd had no influence on daly gan. The proten contat Sgnificantly
influenced the growth rate during the entire period (370 to 692 kg) and the live weaght
a theend of thefirs and second period and & daughter.

The high enagy levd dgnificantly decreessd DM, CP and DVE-intske, while
the proten intske was podtivey influenced by the protein levd. The feed effidency,
expresed s DM, CP and DVE was podtivay influenced by increesing the energy
levd, whileincreasing the pratein level negatively influenced protein efficiency.

The huls fed the high energy leved logt less weight during the 20 hours fasting
period before daughter. Ther carcasses were dasdfied with a higher fainess score and a
better conformation. Thee carcasses had dso a higher fa contet and a lower
proportion of bone compared to the low energy groups. The cold carcass weight of the
low protein groups (456 kg on average) was dgnificatly smdler then thet of the four
other groups (470 kg on average). Although no differences between the six groups were
found oconceming the dresing proportion, this paameer was dgnificantly  influenced
by the protein levd (685 % for low protein vs 69.1 for high protein). The SEUROP
conformation was postivdy influenced by the proten and the energy levd, while the
faness score was only influenced by the energy levd (55 vs 60 for the low and the
high energy leve, regpectivdy). The differences in compostion and faness score are
donificat, manly due to the gmdl vaidion beween animds but ther praticd
meaning is less important. The different protein and energy levds had dso vay litile
influence on the meat quiity.

111.1.2 Introduction

In 1994, the Begian blue (BB) breed provided 75 % of the red meat produced
in Bdgium (Bouquiaux and Hdlemans 1996). Within thet breed the double-musding
phenomenon is extrendy pronounced and it hes become vey common during the past
decades. According to Hanset (1996) 80 to 85 % of the BB populaion is dm. These
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animas have proven to combine high growth raes with an acceptable feed conversion,
patly due to a lower feed intake cgpacity (Geay et al., 1982) caused by a reduction in
the sze of the digedtive tract (Ansay and Hanst, 1979; Boccard, 1981). With 75 dm BB
bulls within a 375 to 620 kg live waght range FHems et al. (19958 found a mean
growth of 144 kg per day and a DM intake of 582 kg per kg gain on a diet of 50 %
maize slage and 50 % concertrate. Minet et al. (1996) gathered results of 16 trids with
129 dm BB hulls fed on concentrate diets They found an average growth rae of 1.47
kg per day and a DM conversion of 6.13, over a meen range of 330 to 576 kg. The BB
dm bulls are dso characterisad by an excdlent conformation, a very low fa content in
the carcass (11-13 %) (Fiems et al., 1995b, Mingt & al., 1996) and a mean dressing
percentage close to 70 % (FHems et al., 1990; Uytterhaegen et al., 1994; FHems et al.,
1995h). The combinaion of these characteridics suggests that the dm animds could
have spedific nutritiond requirements As such, Bouoqué et al. (1984) fourd that the
crude protein (CP) content in the diets for dm bulls (range 350 to 650 kg) should exceed
140 gkg, while a content of 120 gkg was found to be suffident for finishing BB nc
bulls (Boucqué et al., 1980b). Fiems et al. (1990) emphasised the need for a high energy
density in the diet for dm animds However, nather Boucqué et al. (1984) nor Fiems et
a. (1990) invedigated the exigence of an interaction between the digtary energy and
proteinlevds

In expaiments with Igadi Friesan bulls Holzer et al. (1986) invedigaed the
effect of protein supplementation from 90 to 140 g CP per kg DM within two leves of
enelgy (96 and 113 MJ meabolissble enegy per kg DM). The proten
upplementation hed a postive efect on daly live weaght gan during the firgt period of
the expeaiment. Prior et al. (1977) found an increesed average daly gain and feed
efficdency with an incresse of the CP levd from 100 to 115 g per kg DM, while a
further increase towards 130 g CP showed no advanteges The same authors found more
effects of an increesed energy leve, such as incressad marbling score, qudity grade, fat
thickness and yidd grade within the smdl type of catle namdy Angus-Hereford
crossbred, than in the large types, Charolaisand Chianina.

Bage et al. (1993) found an increesed DM content and a decreased lipid
content in the m. longissimus dors as the protein supply incressed from a low to a high
levd. Baley (1989) only found a dmilar influence of protein on lipid content, not on
DM content. Furthemore a pogtive influence of the energy levd on the intramuscular
fat content could be expected.

In this trid the effect of CP contents higher then 140 gkg was invedtigated.
This was done a two different energy leves nat only to investigate the effect of energy
and protein, but dso the interaction between these factors.

111.1.3 Material and methods

Animalsand management

During three consecutive years a totd of 230 BB dm bulls were finished in
ode to invedigate the influence of different proten and energy leves in the dig on
peformance and on cacass and mest qudity. The animas were sdected from the
market supply based on their age (younger then 14 months), weight (firs year between
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300 and 350 kg, second and third year between 275 and 325 kg), hedth, the qudity of
thar legs and conformation. Live weight a purchase averaged 309 kg (SD 25). After an
adaptation period of about 1.5 month with a diet based on maize slage, grass slage and
concantrates, the animds were divided into Sx homogeneous groups based on  body
weight (determined on three consecutive days), growth rate during the adaptation
period, body conformation, age in days, the weight/age ratio and the standard deviation
of the meen growth and weight of each group. During the trid, the animds were
corfined in srav-bedded loose houses and were weighed once every four weeks and on
two consecutive days a the end of a subperiod (day 84 and 168). At the end of the trid,
the animads were weighed on three consecutive days with the third weghing dter a
fadting period of 20 hours. The experiments averaged 228 days.

Feed characterigtics

Once dally, the bulls were fed ad libitum a diet conagting of 35 % maize slage
and 65 % concentrate on DM basis. Water was fredy avalable The concatrate and
maize slage intake were recorded daly for each pen (two years two pens and one year
three pens for each treatment).

Tablelll.1.1: Ingredients of the concentrates (kg/tonne)

Energy leve LE' HE

Protein level LP MP  HP LP MP HP
Sugar-beet pup 200 220 240 - 2362 271
Whest 107 - - 426 200 93
Pollards 114 34 12 - - -
Tapioca 150 150 150 144 - -
Malt sprouts 150 132 102 51 - -
Coconutmedl 336 149 76 - 250 250
Rapeseedoil medl 9 142 1425 - 54
Soya-bean med - - - - 24 65.5
Protected soya-bean medl - 566 162 - 76
Maize glutenfesd 117.1 - - 238 1033 1126
Beef tallow - - - 15 15 15
Beet molasses solubles 80 80 80 80 80 80
Tracedements 154 154 154 154 154 154
Vitamin mix (A, D; and E) 86 86 8.6 86 86 8.6
Sat 25 25 25 25 25 25
Limestone 128 99 9 19 11 10.3
Feed phosphate - - - 38 - -

"L, M or H combined with E or P= low, moderate or high energy or protein level

All sx groups received the same maize slage, but the concentrates differed in
enagy and proten content. Within two energy leves (high: HE and low: LE), three
protein levels were redised (high: HP, medium: MP and low: LP). The mean NEF (net
energy for fattening) content of the LE and HE diets were respectively 7.38 and 803 MJ
per kg DM, while the three protein leves in the diets averaged 77, 97 and 117 g DVE
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(true protein digested in the smdl intesing) per kg DM or regpectivdy 127, 153 ad
172 g CP per kg DM. Theingredients of the concentrates are shown in Table I11.1.1.

Chemicd compostion (Weende scheme) and  nutritive  vdue of  the
concentrates and the maize slage are shown in Table I11.1.2. As the maize slage was
different for each year, silage composition and vadues are listed per year.

Dry mater of the feeddtuffs wes determined by drying in a ventilated oven a
65°C, grinding through a 1 mm seve, followed by oven drying a 103°C during 4 hours.
For maize slages DM content was further corrected for losses of volatile substances
according to Dulphy and Demarquilly (1981). Cude protein was determined according
to the EU method (Anonymous, 1993) usng an automdic Kjedtec 1035 auto sampler
sydem (Foss Bendux, Amedoort, The Neherlands). Crude fa was determined
according to the EU method (Anonymous, 1984 (method A)) being a 6 hour Soxleth
extraction (petroleumether). Crude Fibre was determined with a Fbertec gpparaus
(Foss Bendux, Amedfoort, The Nethelands) as described by the EU  method
(Anonymous, 1992). Ash was determined in a furmnace a 550°C. Nitrogen free extract
was determined by difference. DVE and OEB vdues were cdculated based on the crude
protein content, after in sacco meesurements of protein degradebility in the rumen and
intestind  digedibility of the rumen undegradeble protein fraction, usng 4 ladtaing
Holden cows fitted with a canula in the rumen and in the proximad duodenum
(Tanminga et al., 1994). NEF (VEVI) of the feedstuffs, expressed in MJ, was
determined according to Van Es (1978), based on chemicd compostion and digestion
codffidentsin vivo determined with 5 wethers.

Carcassand meat quality

After a chilling peiod of 24 hours post daughtering, the characteridics of the
cacasses were determined. The carcasses were classfied according to the SEUROP
dassfication scheme (Anonymous 191a). The dressing proportion was caculated as
the ratio cold carcass weight over fasted live weight. The carcass compostion (bone, fat
and meat) was assessd by dissection of the 8th rib-cut (Verbeke and Van de Voorde
1978), while the m. longissimus thoracis (LT) surface was esimated usng a digitizer
and a goedific computer program to cdculae the surface of the musde dating from a
pictureof it.

To as=ss the qudity of the meet, a sample of the LT was taken a the 8th rib
inteface 24 hours po¢ mortem. pH was messured on the excised meat on a depth of 1
cm, usng a meat dectrode Measurements were corrected for temperature differences.
Waer holding cepacity (WHC) was determined by placing goproximatdy 300 mg
homogenised meet on a filter pgper between two cover glasses under a pressure of 1 kg
during 5 minutes The difference between the areas, as detlermined by a planimeter, of
the pressed meat and the wet area on the filter paper is a measure for the exudative juice
or WHC. The colour (CIELAB L*, & and b* vdues) of the mest was messured usng a
Labscan 1l (HunterLab, Hunter Associates Laboratory, Inc., Resont, Virginia, USA;
light source D65, 10° observer, 0°/45° geomelry). The spectrocolorimeter measures the
percantages of light reflected from 400 to 700 nm, a intervas of 10 and 20 nm. The
colour was determined twice for eech sample Colour was cdculaed as the mean of
these 2 measurements.  Shear force vaues (N) were determined a the laboratory of the
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Depatmet of Animd Production of Ghent Universty. Stesks (width 25 cm) were
aged for 8 days a 2°C, vacuum packed and frozen until andyds Stegks were thawed
overnight, heeted in open plagic bags in a waebath a 75°C for 1 hour and cooled
under running tap water. Cylindricd samples (n = 10-15, diameter 1.27 cm) were taken
padld to the fibre drection and sheared perpendicular to the fibre direction with a
triangular Warner Bratzler sher mounted on an Instron 1140 Food Tester (Instron Ltd.,
High Wycombe, UK). Mea compostion (moisture, fa and protein) wes edimeted
using NIRS (Near Infrared Reflectance Spectroscopy) (De Boever et al., 1992).

Satigtical analysis

The reslts wee andysed usng a 2x3 full-factorid desgn with energy (E),
protein (P) and year (Y) as the main fadors Only the interaction ExP is liged in the
tables. The dgnificance of the differences between groups was basad on the Duncan test
(P = 005). The datidicd units were individud data for live weight, live weight gain
and cacass and mest qudity parametars, while pen daa were the datidica unit for
intake and feed effidency.

[11.1.4 Results

Animal performance

Table 111.1.3 shows the effect of the different protein and energy leves on live
weight and growth rate. In both the HE and the LE levds, the growth rate of the LP
groups wes dgnificantly lower during the fird 84 days in comparison with the MP and
HP groups The animds fed the LP levd grew on average 143 kg while the other four
groups averaged 1.63 kg per day. As a consequence of that lower growth rate live
weght after 84 and 168 days and a& daughter were Sgnificantly affected by the proten
levd. During the following periods no effect of the proten levd was recorded on daly
gan.

The enagy levd had no dgnificat influence on live weight or on growth rate
No dgnificant interaction between enagy and protein was found for ay of the
ubperiods, but for the totd period the enagy X proten interaction was dgnificant.
Within the HE group the HP group hed a sgnificant higher final weight then the MP
group, which was in tum dgnificantly differet from that of the LP group. Differences
were less pronounced in the LE group where the LP group was only dgnificantly
different from the MP group and surprisingly not from the HP group. The higher growth
rate of the HEHP (149 kg per day) group in comparison with that of both LP groups
(137 kg per day) was the only dgnificant difference concemning growth rate for the totd
finishing period.

Enegy was however an important factor affecting feed inteke and feed
converson. Table 111.1.4 shows a sgnificant effect of a higher energy levd on DM, CP
and DVE intake for the three subperiods and for the totd finishing period. For the totd
period, the mean daly DM intake of the HE groups was 540 g or proportionately 6 %
lower than that of the LE groups Compardble resuits were found for the daily intake of
CP and DVE, namdy 160 (12 %) and 124 g (15 %) respectivdy. The energy leve only
influenced the energy inteke during the firg peiod, while for the totd period no
sgnificant effect wasfound.
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Tablell1.1.2: Chemical composition and nutritive value of the feeds and the rations

Concentrates Maze
Energy leved LE HE slage
Protein leve LP MP HP LP MP HP Yearl Year2 Year3
Chemical composition
Dry maiter (g/kg) 869 871 869 865 876 877 330 375 307
Composition of DM (g/kg DM)
Crudeprotein 157 204 233 152 186 214 74 74 81
Ether extract 22 31 24 37 58 57 27 24 31
Crudefibre 106 120 113 52 109 116 178 204 215
NFE 631 555 540 634 568 529 672 645 638
Ash 84 0] 20 74 81 85 50 53 45
Nutritivevalue
DVE" (gkg DM) 91 124 157 83 112 142 57 57 58
OEB' (gkg DM) 10 23 19 15 21 23 -43 -38 -A
NEF® (MJkg DM) 7.76 7.87 7.86 8.79 8.86 8.82 6.92 6.43 6.30
Rations
Energy leved LE HE
Pratein leve LP MP HP LP MP HP
Crude protein (g/kg DM) 129 159 178 126 148 166
DVE (g/kg DM) 79 101 122 74 °¢] 112
OEB (g/kg DM) -7 1 -1 -4 0 1
NEF (MJkg DM) 7.35 7.41 741 8.01 8.06 803

Data are mean vaues of nine analyses for concentrates (three pooled samples per year, three experimentd years) and three andyses
for maize slage (three pooled samples per year)

" DVE = true protein digested in the small intestine

' OEB = degraded protein balance

S NEF = net energy for fattening



Table 111.1.3: Influence of energy (E) and protein (P) level and year (Y) on live weight and growth rate

Energy levd LE HE Pooled P-vdue
Protein level LP MP HP LP MP HP SD E P ExP
Number of bulls 39 3 37 38 39 39

Experimentd days 229 228 228 228 228 228

Live weight (kg)

Initial 371 370 370 370 371 370 30 094 099 09%
Day 84 494 508°  507°  486*° 502°  51F 37 051 000 048
Day 168 616>  633° 629° en* 624 637 40 068 001 042
Find 64®  701® 691  679°  693° 706" 27 088 000 000
Growth rate (kg/day)

Day 0-84 146° 164 163° 139* 15° 16 025 025 000 009
Day 85-168 145 148 145 149 145 148 023 071 098 050
Day 169 to end 114 126 116 116 118 123 038 097 062 047
Totd period 137 147®  143* 137 142 149 021 098 003 026

ap.cd,

: meansin arow with different superscripts are significantly different (P < 0.05)



Table 111.1.4: Influence of energy (E) and protein (P) level and year (Y) on daily intake

Energy LE HE Pooled P-vdue

Protein LP MP HP LP MP HP SD E P ExP Y
DM (kg)

Day 0- 84 814® 842> 832> 7768 790 812 046 002 029 065 044
Day 85- 168 977® 99" 960° 908 917 923 064 000 091 054 004
Day 169 - end 980 1001° 950° 917 943* 940® 067 004 048 064 025
Totd period 915 947° 919 861° 873* 8:M* 050 000 048 043 010
CP (kg)

Day 0 - 84 104°  133° 146 098¢ 115 133" 019 000 000 018 008
Day 85- 168 125° 158" 170 114 1358 151" 021 000 000 013 015
Day 169 - end 124* 158 169 113 138  156° 022 000 000 039 025
Totd period 117° 150" 163 108 128 146° 020 000 000 003 007
DVE' (kg)

Day 0 - 84 063 08° 10F o057 07F 087" 016 000 000 032 064
Day 85- 168 076* 099° 116 066" 08F 100° 018 000 000 021 033
Day 169 - end 076 099° 115¥ 067 08 103" 018 000 000 054 044
Totd period 071* o094° 111° 063 07F 097" 017 000 000 006 033
NEF' (MJ)

Day 0 - 84 5052° 6215° 6139° 61.66° 64.08° 6567 414 004 014 067 000
Day 85- 168 7161 7347 7106 7257 7347 7437 518 052 08 058 000
Day 169 - end 7168 7375 7002 7299 7582 7520 587 014 043 078 001
Totd period 6698 6981 6788 6733 7016 7119 435 048 024 058 000

A% meansin arow with different superscripts are significently different (P < 0.05)
" see footnote Teble111.1.2



TableI11.1.5: Influence of energy (E) and protein (P) level and year () on feed converson

Energy levd LE HE Pooled P-vdue

Protein leve LP MP HP LP MP HP SD E P EBXP Y
DM (kg/kg growth)

Day 0 - 84 5660 523* 518° 550®  508° 4.87° 047 030 000 050 0M
Day 85- 168 6.71 6.75 6.84 6.29 6.28 6.25 067 002 087 093 008
Day 169 - end 8.67 844 918 8.27 8.37 8.00 116 017 080 061 027
Totd period 6700 648 658 639 620° 603 045 001 044 064 022
CP (kg/kg growth)

Day 0 - 84 0.7% 0.82 091° 071* 074  080™ 009 000 000 007 034
Day 85- 168 088 107 121° 079°  093*°  102® 017 000 000 049 005
Day 169 - end 110 133 163° 1022 1.23® 1.34° 026 001 000 045 032
Totd period 085 103 117° 080  091° 0.99° 014 000 000 015 036
DVE' (kg/kg growth)

Day 0 - 84 044  051° 062° 041*  046° 0.52° 008 000 000 007 030
Day 85- 168 052 067 0.83° 046*  057° 0.68° 014 000 000 040 003
Day 169 - end 067 08%F 111° 060° 076  0.89° 020 000 000 031 015
Totd period 052 0.64 0.79° 0.46° 056° 066" 011 000 000 010 010
NEF" (MJ/kg growth)

Day 0 - 84 4129° 38607 3819 4440° 4116® 393684 366 001 000 038 003
Day 85- 168 4910 4972 5062 5006 5055 5034 442 087 077 092 029
Day 169 - end 6339 6215 6760 6553 6726 6463 829 070 081 057 063
Totd period 4896 4772 4861 4986 4979 4854 290 043 086 063 08

abcde.

" seefootnote Table 111.1.2

: meansin arow with different superscripts are significantly different (P < 0.05)



The ggnificat effect of the factor year on the energy intake is probebly caused
by the differences in energy content of the maize slage between years. Each year, a
different maize dlage was fed, but dl groups received the same slage within one year.
The mean energy content of the maize slages for the three years equdled 6.9, 64 and
6.3 MJ NEF/kg DM respectivdy (Table 111.1.2). As such, energy intake was higher for
the firg year, dthough DM intake was comparable (data not shown). The higher energy
intake improved daly gain during the firs year in comparison with the two other years
and by consequence, live weight wes dso different between years. As mentioned before
the animds of the firs year were purchased & a higher LW, which causad an influence
of the effect year ontheinitid LW (Table11.1.3).

Enagy content exeted a dmilar effect on both inteke and feed converson
(Table 111.14 and 111.1.5) when expressed as CP, DVE and NEF, while the results
expresed as DM were less compaable CP and DVE conversons were both
sgnificatly influenced by energy and protein levd for the subperiods and for the totd
period. A high energy levd improved the DM, CP and DVE converson with 380 g, 120
g and 90 g per kg growth. Incressng the protein content negativedy influenced the feed
converson when expressed as CP or DVE. This means that the groups fed the LP leve
hed the best protein efficiency.

The different protein leves influenced the proten inteke for dl the subperiods
and thetotd period.

The crude pratein intake over the totd period was the only parameter on intake
or convason for which a dgnificant interaction between energy and protein was found.
In the tables the interactions between the effects year and proteén and/or energy are not
liged because veay few dgnificat interactions were found. Only for the find live
weight and for the growth rate between day 85 and 168, a dgnificat (P < 0.05)
interaction between protein and year effet was found. No interactions between the
effects year and energy and/or protein were found for intake or converson parameters.

Carcassand meat quality

The effect of energy and protein leve on the carcass characterigtics is shown in
Table 111.16. A dgnificat influence of the energy levd on the fagting weight loss was
found, as wel as on the SEUROP conformation and fatness score and on percentage fat
and bone in the carcass. The fading weight loss of the HE group (2.2 %) was 12 %
lower than that of the LE group (25 %). This difference is manly due to a lower tract
fill s a consequence of the lower feed inteke of the HE group as mentioned in Table
[11.1.5.

The proten levd dgnificantly influenced ocodd cacass weght, dressng
proportion, SEUROP conformation and percentage bone in the carcass The higher cold
cacass waght of the MP and HP groups is manly a redt of the influence of the
protein on live weight & daughter, as mentioned in Table 111.1.4, and to a smdler extent
the reault of the influence of the proten levd on the dressng proportion. When two
spade vaiance andyses were done, once with daughter weght and once with
dressing percentage & a covaiat, both parameters were Sgnificant and the protein
effect on cod carcass weight remaned in both casss dgnificant. However, when one
variance andyss was done with both covariants & the same time the proten effect on
the cold carcass weight disgppeared. The differences in live weight gain and dressng

78



proportion explained goproximatdly 2/3 and 1/3 of the difference in cold carcass weight,
repectively.

The mean vdue for the dressing proportion of the HP groups was 69.1 % while
the LP groups had a mean dressng proportion of 685 %. The mean conformation score
for the LP and the HP groups was respectivdy 165 and 17.2, this difference being
gndler than one subdass However, when a vaiance andyss was done with cold
cacass weght a a covaiat, the dgnificat protein  influence on  SEUROP
conformetion and percantage bone in the carcass disgppeared. This meens that protein
hes very little direct influence on carcass qudlity.

Protein or energy did not influence the suface aea of the LT samples
However there was an influence of energy on the proportion of fa in the carcess (LE:
12.3 versus HE: 13.1 %) while the proportion of mest in the carcass only tended to be
influenced by energy (P=0.07).

The differet energy and protein levds hed very little influence on the qudity
of the meat. The energy levd influenced the proportion of moisture and fa in the LT
sample (Teble 111.1.7): higher fa and lower moisture contents were found for the HE
groups. The somewhat higher CIE-Lab L*-vdue for the MP groups was the only
sgnificant difference caused by the protein leve.

The combindion of vey few influences of proten and energy levd on the one
hand, and the numerous influences of the year effect on the other hand, indicate tha the
influence of protein and energy on meet qudity is very limited. The important yeer
influences on mogt of the cacass and mea paameters are probably due to the
difference in daughter weight between the three years Since daughtering depends on
the markket demand, the daughter weight vaied between years As such the mean
daughter weight for the three years averaged 707, 683 and 687 kg respectively.

Only 1 paamee (cold cacess weght) showed a dgnificant interaction
between the factors energy and protein. This was a consequence of the same dgnificant
interaction that was found for find live weght (Table 111.1.3). Futhermore, a
dgnificant interaction was found between the proten and the year effect concening
cold carcass weight, while the interaction between the effect energy and year was
dgnificat for the LT moisure and proten content. No sgnificant interaction was found
for any other carcass and meat qudity parameters.

In Table 111.1.8 results of the growth and carcass characterigics have been
gahered to cdculate the daly carcass growth and the daly accretion of meat in the
cacass. Assuming that the proportion of cold carcass weightlive weight averages 66.5
% a a weght of 350 kg (De Campeneere, unpublished data) and taking the cold carcass
weight a the end of the trid and the durdtion of the trid into account, meen daly
carcass growth can be cdculaed. This parameter multiplied with the proportion of meat
in the carcass gives meen daily mesat accretion.

A dgnificant effect of the protein levd was found on the carcass growth and on
the daly meat accretion. For both groups with the LP levd these parameters had
makedly decreased (680 g medt accretion per day) in comparison with the four other
groups (on average 730 g meset accretion per day).

The realts of the feed converson expressed per kg carcass growth or meat
acoretion generdly confirm the results of Table 111.15. They dealy indicate that the
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HE levd has a postive influence on the DM, CP and DVE conversons. For example,
the LE groups need 690 grams more DM and 170 grams more DVE for each kg mesat
accretion.

111.1.5 Discussion

It is wdl known tha low digtary proten levds may reduce animd performance
(Boucqué et al., 1980z Levy et al., 1980). However, Anderson et al. (1988) found
lower optimum protein leves than in this experiment. They recorded a reduced growth
rae with bulls from different breeds (Angus, Hereford and Simmentad crossbred) when
the CP content in the di¢t wes lower than 120 gkg DM. No difference was found
between 120 and 140 g CP/kg DM. Levy et al. (1980) dso suggested lower CP levels
than we did, but in agreement with ou experiments they conduded for Igadi Friesan
buls that the optimd proten levd can be decressed when feading heavier animds
These authors conduded that 140 g CPkg DM s optimd in high-energy diets (11.1 MJ
metebolissble energy/kg DM) until a weight of 300 kg, and for heavier animds 120 g
CPkg DM shoud auffice With Angus bulls Matin et al. (1978) couldnt justify CP
levels higher than 110 gkg DM, except during the firsg 8 weeks of fattening (220290
kg) when protein levels of 140 or 150 g/kg DM could be recommended.

In this experiment the lower growth rate of the LP groups and the somewhat
lower growth rate of the HEMP group on the one hand and the comparable growth rates
of the other three groups on the cother hand, suggest thet the optima DVE content in the
ration is dose to 100 glkg DM (160 g CPkg DM) for dm bulls below 500 kg. For the
subsegquent period up to daughter, the lowest CP content, namely 77 g DVEkg DM
(125 g CPkg DM) seems to be jus suffident. The optimd content for the firg
subpeiod is somewha higher than the minimum 140 g CPkg DM proposed by
Boucoué et al. (1984) for a corregponding weight range while the posshility to lower
the protein content a the higher live weght was not recognised by these authors This
could be explaned by the difference in digt and growth rate between the two trids In
this experiment animds grew on average 143 kg per day, while the animds of the
above-mentioned authors were fed a complete dry ration and achieved a daly gan of
1.1 kg. Concemning proten it can be conduded that dm BB bulls reguire very high
proten levds during the fird phese of fatening. The posshbility, as found by severd
other authors to lower the protein content from a certain live weight on, is dso vdid br
the dm animds but dating & a higher live weight. Because a smdl but podtive
influence of the protein content was found on the dressing proportion, a smdl decrease
of these characteridics could be a consequence of lowering the protein from a weight of
500 kg onwards. In contrast with Fems et al. (19958 who found a partid compensation
of the dower fird-period growth for the lower proten group, no compensatory growth
was recorded in this study.
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Tablel11.1.6: Effect of energy (E) and proten (P) level and year (Y) on carcass characteristics

Energy levd LE HE Pooled P-vdue
Protein leve LP MP HP LP MP HP sb E P BP Y
Fasting weight loss (%) 267 25 23 2P 2.1° 237 08 000 072 024 013
Cold carcassweight (kg) 457° 47T 466° 4550 467 476° 21 070 000 003 0.00
Dressing proportion (%) 685  69.1 69.1 685 688 690 12 044 001 083 008
LT® surface (cm®) 151 157 154 155 157 160 21 028 028 066 000
SEUROP-dassfication
Conformation ™ 1622 168 171 168 171 173 12 002 000 059 001
Fatness' 55° 5.4 56 60° 58 6.1° 09 000 029 094 000
Carcass composition (%)
Mest 746°  746°  T50° 7400 747 744 17 007 032 042 072
Fat 123° 124  121* 132 128 133 19 000 084 050 0.36
Borne 1312 130® 129 129 126° 124 09 000 005 043 000

3% meansin arow with different supersoripts are Sgnificantly different (P < 0.05)
HS=18 E=15U=12 .., P=3points

' Class 1= 3 (very lean), Class 2 =6, ..., Class 5 = 15 points (very fat)

LT = m. longissimus thoracis



Tablel11.1.7: Effect of energy (E) and protein (P) level and year (YY) on meat quality characteristics (m. longissmus thoracis)

Energy levd LE HE Pooled P-vdue
Protein leve LP MP HP LP MP HP SD E P BP Y
LT composition (%)
Moisture 758 757 758 6P BT 7BB 04 000 026 023 000
Protein 23 25 24 23 24 25 04 079 005 040 000
Fat 08® 08° 07 0.9° 09 0.9 03 000 076 059 000
Shear-force value (N) 493 493 509 476 474 466 112 008 083 09 047
Ultimate pH 559 563 564° 562 560* 561 093 060 039 008 001
Loose water value (cn?) 434 423 420 425 431 427 068 079 08 066 000
CIE-Lab colour
L*-vaue 408° 415°  401°  409® 417° 406 310 048 005 087 002
a*-vaue 1652 1651 1648 1692 1646 1651 164 059 058 055 000
b*-vdue 1374 1396 1363 1427 1418 1401 171 008 054 08 000

2% meansin arow with different supersoripts are significantly different (P < 0.05)



Table I11.1.8: Effect of energy (E) and protein (P) level and year () on the calculated daily carcass growth and meat accretion and
on feed conversion expressed per kg carcass and meat accretion (accr.)

Energy levd LE HE Pooled P-vdue

Proten level LP MP HP LP MP HP  SD E P BP Y
Carcass growth 097 099° 097° 0917 09%° 100 014 095 000 030 000
(kg/oay)

Mest accretion 068 074 072 o068° 072 079 010 088 000 035 000
(kg/oay)

Kg DM/kg carcass 9957  941® 950™ 941 9m* 87F 064 001 024 08 013
Kg CP/kg carcass 1277 149° 168" 118° 13"  14F 010 000 000 02 021
Kg DVE/kg carcass 077 093 114 069° 08°* 095 006 000 000 018 005
MJNEF/kg carcass 1058 1009 1017 1090 1052 1015 068 058 056 089 073
Kg DM/kg mest accr. 1334% 1261 1266™ 1277* 1209° 1174° 090 003 022 08 016
K g CP/kg meat accr. 171 2000 224 159° 177" 19%F 014 000 000 023 024
Kg DVE/kg mest acor. 104 125" 152* 093° 110* 128 009 000 000 023 007
MJNEF/kg meat accr. 1418 1352 1357 1474 1409 1364 09 051 050 094 075

ap.cd,

: meansin arow with different superscripts are significantly different (P < 0.05)



Andersen (1978) daes tha energy is the man factor determining growth and
cacass gan. In this sudy no dgnificant differences between the two energy levels were
found and the corrddion between daily gan and energy inteke over the totd period was
vey low (r = 0.16). This suggeds that an optimum energy leve for growth is reeched at
7.38 MJ NEF/kg DM. This was earlier confirmed by Fiems et al. (1990) with BB dm
bulls, where differet energy levds were induced by incorporation of fa. They did not
found any influence of different energy levels between 7.2 and 7.9 MJ NEFkg DM, on
growth rae Zinn (1989) daes that fa supplementation only promotes daly gan when
energy levd isinaffidert.

In accordance with Fiems et al. (1990), who found no further improvement of
the dressng proportion for energy leves higher than 7.42 MJkg DM, this study showed
no efect of enagy on dresing proportion. The percentage fa in the carcass wes
sonificantly influenced by the energy levd, which is not in agreemett with the above-
mentioned authors, but in accordance with Prior et al. (1977).

Based on the improved converson data, the dightly better conformation and
the amndler fading weight loss of the HE groups an energy levd of 8 MJkg DM could
be recommended for thetotd finishing period.

Surprisngly, the results of the LEMP groups ae dthough not dgnificart,
sydemeticaly better than those of the LEHP group, while within the HE groups HP
paformed beter than the MP group. Although this would suggest an interaction
between protein and energy, only a sgnificant interaction (P < 0.05) wes found
concaning live weaght a the end of the trid. Probably, the animds who receved the
HE levd are cgpable of utilisng the higher protein levd, as did the HEHP group, while
the LEHP group receved enough protein for optimd growth, but they received
insUffident energy to use that extra protén. Holzer et al. (1986) dso found an increased
rae of live waght gain during the firg peiod of his trid due to supplementation of the
low protein diet, and in agreamett with our reslts the magnitude of this effet was
congderably lower for the low energy digts.

The lower CP and DVE intske of the HE groups are patly due to the
somewhat lower protein leveds of the HE diets than the corresponding LE digs The
dgnificant influences of the protein levds on both the CP and the DVE intke are
many a combined consequence of the three different protein leves and the absence of
influence of theselevds onthe DM intake.

Based on the results of this trid we could condude that the protein content
between 370 and 500 kg is very determining, while it is less important for heavier bulls
when the enargy becomes more important. This theory is confirmed by a depwise
multiple regresson andyss with as dependat vaidde the daly live weght gan
(dwg) and as independent fectors live weght (LW; kg) and the daly inteke (di) of
energy (E; MJ NEF), DM (kg), CP (kg), DVE (kg) and OEB (kg). Dally intake of CP
was the fird independent variddle entering (P < 0.001) the regresson for the first
subperiod (+ 370 - 500 kg) followed by daly intake of DVE (P < Q018). For the second
subperiod (+ 500 - 625 kg) the daly intake of energy (P < 0.001) and the mean live



weght (P < 0001) were the only vaidbles entering the eguation. While in the
regresson for the third subperiod (+ 625 - 690 kg) the only sgnificat dependent
vaiablewas daily intake of energy (P < 0.001). The three equations are respectively:

1° period:

g diwg =555 + 1738 x diCP- 1457 x diDVE R2=0.53
2° period:

gdwg=1148+30x diE- 3x LW R2=0.67
3° period:

g diwg =-530 + 23 x dE R2=0.56

For the totd finishing period the regresson equation, usng the same procedure
was.

gdwg=1080- 3x LW + 26 X diE + 208 x diCP R?=0.75

111.1.6 Conclusion

When comparing the reslts of this trid with proten reguirements for non-
double-musded bulls we condude thet BB dm finishing bulls have higher proten
requirements. According to this study a protein leve of 100 g DVE per kg DM (160 g
CPkg DM) is advissble during a weight range of 370 to 500 kg, while 77 g DVE per kg
DM (125 g CPkg DM) seams to be auffident during the rest of the finishing period.
Although the high enagy levd had no ggnificant influence on live weght gan, the
high energy levd of 8 MJ NEFkg DM is proposed in order to improve the feed
converson and to mantain an excdlent conformetion.
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[11.2 Influence of phased energy and protein feeding on
performance and car cass quality

[11.2.1 Abstract

In order to optimise performance and carcass qudity of Begian Blue double-
musded bulls four phased feeding regimens were evduaed. All diets were fed ad
libitum and conssted of 65 % concentrates and 35 % maize silage on DM bese. Totd
period was divided into three phases (ca 360-460, 460-570 and 570-680 kg). All four
groups received the same maze dlage but the differet energy and protein densties
were gpplied usng different concentrates During the three pheses, the negdive control
group (NC) condatly received a raion with a low protein and a moderate energy
density; the second group (DP) received with each phase rations with decreasing protein
densty while the enagy densty remaned moderate the third group (IE) received
raions with increesing energy densty & a congtantly high proten densty and the legt
group (DPIE) received rations which decreesed in protein and incressed in energy
density.

The NC grew dgnificantly dower during the firg subperiod (137 vs 1.62
kgday for the othe groups), resllting in a dgnificantly longer totd finishing period.
During the third period IE had the dowest growth. The NC group needed 21 and 20
days more then the DP and DPIE groups repectively, to reach the same daughter
weight. The NC had the lowest DM-inteke during the firg subperiod, IE during the
third. No differences were found concerning feed converson for the totd period, when
expressed as DM or NEF (net energy for fatening). IE had the wordt protein converson
while NC hed the bet, with the two other groups being intermediate.

The only important sgnificat difference concaming carcass qudity was the
improved dressng proportion of the IE and DP groups Although sgnificant differences
in the fa content of the m. longissmus thoracis were found, they were of minor
importance.

Thee resdlts proved that for Begien Blue double-musded bulls proten
densty of the raion can be decreasad importantly with increesing live weight. Few
differences were found between feeding a congant moderate energy levd or incressing
the energy from a low to a high levd, if both schemes are combined with a decreasing
protein dengty.

111.2.2 Introduction

In recent decades the Belgian Blue (BB) breed has evolved from a dud-
purpose breed to a pure beef breed (Hanset, 1996). In 1994, 62 % of the beef produced
in Begium was provided by the BB, wheress in 1981, this was only 46 % (Bouquiaux
and Hdlemans 1996). Within the BB the double-musding phenomenon is extremdy
pronounced. According to Hanset (1996) 80 % to 85 % of the BB population is double-
muscled (dm).
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The evdution from dud-purpose towards dm animds hes had important
consquences on thar anaomy and physology. The andomicd changes, such &s
improved dressng proportion, a higher proportion of meat in the carcass and a reduced
fa contet (Clinquat et al., 1994; Uytterhaegen et al., 1994) suggest higher N-
requirements The phydologicd changes such as improved feed converson and
presumably lower mantenance requirements (Hanst et al., 1979; Geay et al., 1982;
Flemset al., 1999b) seem to have improved feed efficiency.

However, Boucqué et al. (1984) found that the crude protein (CP) dendty in
the diets for dm bulls should exceed 140 g per kg, while a content of 120 g per kg was
found to be auffident for convetiond BB hulls FHems et al. (1998; see dso Chapter
[11.1) evaduated with BB dm animds three protein dendties within each of two energy
dendties and found thet the protein requirements of dm animas exceed the protein
dandards for convertiond catle espedidly during the fird phase of finishing. They
concdluded that 100 g DVE (true protein digested in the amdl intesting) per kg DM (160
g CP pa kg DM) is the optimum protein densty from 370 to 500 kg live weght.
Duing the rest of the fatening period no advantage was found in feeding protein
densties higher than 77 g DVE per kg DM (125 g CP per kg DM).

The higher proten nesd during the beginning of fatening was dso mentioned
by Hozer et al. (1986), who invedigated the effect of proten supplementation from 90
to 140 g CP per kg DM within two leves of energy. During the fird period, protein
pplementdion had a pogtive influence on daly live weaght gan. Levy et al. (1980)
a0 suggested that the protein levd for optimum peformance can be decreased when
feedng heavier animds Matin et al. (1978) found a need for a higher digtary protein
content with Angus bulls, but only during the first eght weeks of fattening.

The theory supporting the decressing protein requirements with increesing live
weight is based on the changing compostion of the body. With advandng age energy
depaostion in the form of fat increeses more then in the form of proten (van Es 1977).
As auch the proten and energy needs might chenge during the fattening period unless

the efficiency of accretion changes.

Fems et al. (1990) and Dufrasne et al. (1995) emphasised the need for a high
energy contert in the diet for dm bulls This was confirmed by Fems et al. (1998) who
proposed, as an optimum energy densty for dm bullss 8 MJ NEF (net energy for
fettening) per kg DM in order to improve feed converson and faging weght loss and to
mantan an excdlett conformation. Boucgué & al. (1980c) found sgnificat postive
correations between energy intake and daily gain in conventiond BB bulls.

Prior et al. (1977) found more effects of an increesed energy levd, such as
increesed  marbling score, qudity grade fat thickness and yidd grade in Angus-
Hereford crassoreds, than in Charolais and Chianina steers

This trid dems from tha of Fems et al. (1998), whose results suggested thet

proten and energy nesds might vary with increesing live weght. Now, the effect of
phese-feeding on animd peaformance and cacass qudity is invedigaed. The
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trestments amed to find an optimum rdaion between the protein and energy intake of
the animd and its needs for optimum performance and carcass qudity. Optimisng
enagy and proten intske can reduce feeding codts can optimise paformance and is
benefidd to the environment as N-excretion can be reduced.

111.2.3 Material and methods

Animalsand management

During two consecutive years, a totd of 104 BB dm hbulls were used to
invetigate the effects of adjusting the protein and energy content of the diet to the
changing needs of finishing bulls Effeds on peaformance and on cacass qudity were
evduaed. The animds wee sdected from the maket supply bassd on thar age
(younger than 13 months), weight (between 275 and 325 kg), hedth, the qudity of the
ther legs and conformation. Live weight a purchese averaged 299 kg.

After an adgptation period of aout 2 months with a di¢t besed on maze
dlage grass slage and conceattrates the animds were divided into four homogeneous
groups, based on body weght (weghings on three consecutive days), growth rate
duing the adgptation period, body conformation, age, the weight/age raio and the
gandard deviation of the mean growth and weight of esch group. The totd finishing
period was divided into three weight ranges (ca. 360 - 460, 460 — 570 and 570 — 680
kg). The animds were confined in draw-bedded loose houses At the dat of the
experimet animds were weighed on three consecutive days In between, weight was
determined once every four weeks and on two consecutive days a the end of eech
weight range At daughter, a third weighing, after a fading period of 20 hours
determined fasted live weight. Thetrid averaged 244 days.

Feeding and feed characterigtics

Once dally the bulls were fed ad libitum a diet consding of 35 % maize slage
and 65 % concentrate on DM base. Both components were fed a the same time but
spaady. Wae was fredy avaladle Inteke of concentrae and maze dlage wes
recorded daily for each pen. Each year, the 13 animds of one treatment were divided
over two pens one pen with 8 animds and one with 5. The fird year, 3 animds of
group 2 had to be removed due to hazardous accidents or injuries. To compensate that
loss, the second year an extra pen of three animastook part in thetrid for that group.

All four groups received the same maze slage but the differet energy and
protein dendties were gpplied usng different concentrates The firsd group (negdive
control; NC) receved a dig¢ with a low protein (LP) and a moderate energy (ME)
dengty during the totd period. The protein densty of the diels of the second group
(decreasing protein; DP) decressed while the energy densty remained congant at the
ME leve. They regpectivdy received a high (HP), a moderate (MP) and a low (LP)
proten levd, during the three respective subpeiods The third group (incressing
enargy; |E) received congantly diets with a HP densty combined with during the firg,
the second and the third subperiod a low, moderate and high (LE, ME and HE) energy
dengty repectivdy. The fourth group (decressing protein and increesng energy; DPIE)
was successvely fed: HPLE, MPME and LPHE. The feeding scheme is illusraed in
Figurelll.2.1and Tablelll.2.1.

91



Some raions, the combinaion of high NEF-contents with low DVE-contents,
were imposshle to formulate and therefore, DVEC was introduced. DVEC stands for
DVE corrected for negdive OEB (degraded proteén bdance) and is cdculaed as
follows (if OEB is < 0): DVEc = DVE + (0.75 x 0.85 x OEB), with 0.75 the amino acid
contert in the microbid proten and 0.85 the digedibility of the microbid protein in the
intestine. If OEB is pogtive, no correction is needed. The low protein contents in high
energy diets were then redised through the use of negative OEB vaues.

Trestments
NC DP IE DPIE

Energy density
high(819) - - - —— —

moderate (7.70) - -

low (7.25) - E — —

Protein densty
high (94.3) - —

moderate (80.6) - = £ ||

low (700) —————— - L_ B L -

Phase 1 2 3 1 2 3 1 2 3 1 2 3

Figure 111.2.1: Overview of the four treatments. protein (g DVEc/kg DM) and energy
density (MJ/kg DM) of the rationsin each of the three phases

The mean NEF dengties of the LE, ME and HE diets were 725, 7.70 and 8.19
MJ per kg DM respectively, while the three protein densties averaged 700, 80.6 and
9.3 g DVEc per kg DM or 123, 143 and 156 g CP per kg DM respectivdly. The
ingredients of the concertrates are shown in Table [11.22. Chemicd compostion
(Weende scheme) and nutritive vdue of the concentrales and the meize dlages ae
shown in Table 111.23. As the maze slage was diffeent for each year, sSlage
compostion and vaues ae lised per year. Energy vaues (NEF) were based on
dgegtibility trids with wethers and cdculaed according to van Es (1978) while protein
vaues (DVE and OEB) were determined according to Tamminga et al. (1994). For
more details on the chemicd andyses seell1.1.3.
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Table 111.2.1: Feeding scheme of the trial wih programmed (italic) and observed (bold)
protein and energy values of the rations per subperiod.

Trestments
NC DP IE DPIE
Diet Phase 1 (360- 460 kg)
LPME HPME HPLE HPLE
DVEC NEF® DVEC NEF DVEC NEF DVEC NEF
67 742 93 742 3 6.90 %3 6.90
73 7.61 96 7.66 103 7.25 103 7.25
Diet Phase 2 (460 - 570 kg)
LPME MPME HPME MPME
DVEC NEF DVEC NEF DVEC NEF DVEC NEF
67 742 80 742 3 742 80 742
72 7.71 81 7.79 A 7.74 8L 7.79
Diet Phase 3 (570- kg)
LPME LPME HPHE LPHE
DVEC NEF DVEC NEF DVEC NEF DVEC NEF
67 742 67 742 3 794 67 794
63 7.71 68 7.71 A 813 63 8.26

"L, M or H = low, moderate or high; combined with P or E = Protein or energy
*DVEC = true protein digested in the smdl intestine corrected for a negative degraded
protein balance (g/kg DM)

¢ NEF = net energy for fattening (MJkg DM)

Carcass quality

After a chilling period of 24 hours the characteridics of the carcassss were
determined. They were dassfied according to the SEUROP dasdfication scheme
(Anonymous, 1991a) and dressng proportion (cold carcass weght over fagted live
weight) was caculated. Carcass compostion (bone, fa and lean) wes assessed by
dissction of the 8h rib-cut (Verbeke and Van de Voorde, 1978), while the m.
longissmus thoracis (LT) surface was edimated udng a digitize and a spedific
computer program to cdculate the surface of the musde sarting from apicture of it.

To edimae the compostion of the leen (moisture, fat and protein), a sample of
the LT was teken a the 8th rib interface. Composition was estimated usng NIRS (Near
Infrared Reflection Spectroscopy) (De Boever et al., 1992).

Statigical analyss

Sonificance of the trestments was teded usng the Univaiae Andyss of
Vaiance, with tremet and year as fixed factors. Differences between groups were
based on the Duncan tet (P < 0.05) (SPSS 80, 1998). The ddidicad units were
individud daa for live weght, live weight gan and carcess data, while pen daa were
the satiticd unitsfor intake and fead efficiency.
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TableI11.2.2: Ingredients of the concentrates (kg/tonne)

Concentrates

LPME HPME HPLE MPME LPME HPHE* LPHE"
Whesat 277 211 - 264 277 3025 395
Tapioca 150 82 76.3 0] 150 - 150
Malt sprouts 141 126.8 103 150 141 72 112
Sugar-bedt pulp 138 - 290 - 138 50 44
Coconut med 102 200 - 161 102 200 145
Beet molasses solubles 80 80 80 80 a0 a0 80
Pollards 61.6 138 150 1345 61.6 - -
Besf tdlow - - - - - 15.9 20.6
Maize glutenfeed - 58 50 73 - 200 -
Rapeseed oilmed - - 143 - - - -
Protected soya-bean medl - 56.5 68.4 - - 318 -
Trace dements 15 15 15 15 15 15 15
Vitamin mix (A, Dzand E) 7 7 7 7 145 145 145
SAt 2.7 2.4 21 25 2.7 2 2.7
Limestone 11.3 20.3 12.2 214 11.3 19.9 12.3
Feed phosphate 144 3 3 16 14.4 39 16.4
Tota 1000 1000 1000 1000 10075 1007.5 1007.5

'L, M or H = low, moderate or high; combined with P or E = Protein or energy
* the concentrates fed during the last subperiod were supplemented with 7.5 kg vit. E-premix per 1000 kg (i.e. 45 |.E. extra)



Tablell1.2.3: Chemical composition and nutritive value of the feeds and the rations

Concentrates Maze dlage
LPME HPME HPLE MPME HPHE LPHE Yearl Year 2
Chemical composition
Dry matter (g/kg) 866 866 856 875 873 872 348 291
Compostion of DM (g/kg DM)
Crude protein 144 193 205 173 181 135 IS 99
Ether extract 24 33 19 36 52 49 33 27
Crudefibre 92 8 141 78 a3 72 186 193
N free extract 654 598 541 629 600 662 664 633
Ash 86 87 95 84 A 82 a1 48
Nutritivevalue
DVE" (gkg DM) 88 114 125 92 97 85 58 63
OEB' (gkg DM) -2 24 18 23 2 -5 -36 -24
NEF® (MJkg DM) 794 7.98 7.32 8.10 8.62 8.82 7.19 7.16
Rations
LPME HPME HPLE MPME HPHE LPHE
Crude protein (g/kg DM) 124 156 164 143 148 118
DVE (g/kg DM) 78 %B 103 81 34 76
OEB (g/kg DM) -12 5 1 4 8 -13
DVEc” (gkgDM) 71 %B 103 81 34 68
NEF (MJkg DM) 7.77 7.70 727 7.77 8.12 8.25

Data are mean vaues of different anayses (one pooled sample per period per year, two experimentd years)

H DVE = true protein digested in the small intestine
' OEB = degraded protein balance

S NEF = net energy for fattening

*DVE corrected for anegaive OEB



[11.2.4 Results

Animal performance

Table 11124 shows the effect of the trestments on durdtion of the trid, live
weight and growth rate The figures concamning live weight dealy indicate that esch
group changed to a subsequent feading regimen when they excesded the predetermined
weght. The P-vdues of the influence of the trestment on live weight were dl larger
than 0.95 meaning that the groups changed diets a a comparable weight.

Tablell1.2.4: Influences of treatment (T) and year (Y) on live weight and growth rate

Treatments Pooled P-vdue

NC DP IE DPIE SD T Y
Number of bulls 26 2% 26 2%
Experimentd days 2%6° 23" 2500 236" 29 001 041
Live weight (kg)
Initial 360 360 361 361 25 099 002
460 kg 464 466 464 463 22 097 073
570 kg 569 570 571 573 26 09% 042
Find 680 678 680 680 22 09 017
Growth rate (kg/day)
dart —460 137° 164" 163 160° 021 000 003
460570 138 152 147 148 020 029 005
570—680 108® 111® 096 113° 023 006 001
Totd period 126 137° 129° 137° 016 002 090

3% meansin arow with different supersoripts are significantly different (P < 0.05)

Sgnificant differences were found concerning the duraion of the trid. The NC
needed 20 and 21 days more to reach the same daughter weight as the DPIE and the DP
groups This wes caused by a dgnificant lower growth rate for the first period (1.37
versus 1.62 kg/day). The difference for the totd period was mainly caused by the lower
gowth rate of the NC group during the firg subperiod. During the second period no
sgnificant effect was recorded on daly gan. During the third subperiod the IE group
grew dower then the other groups but only the difference with the DPIE group was
ggnificant. The initid live weaght wes differet for the two replictes 367 and 355 kg
for the fird and second year respectivdy. Growth rate during the firg and third
subperiod dso differed between the two replicates Both effects are very difficult to
explan, but the former might posshly be caused by differences in management of the
bulls before they arive a the Depatment and the later by dimatic differences between
the two years.
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A dgnificat (P < 0.05) interaction was found between the trestment and the
year effect concerning the growth rate between the start and 460 kg. In the firg trid the
NC group grew 144 kg daly vs. 155 kg for the other groups while in the second trid
thexe figures amounted to 1.30 and 170 kg The origin of this difference is very
difficult to determine, dthough the variation in DM and CP contert of the maze slages
(Table 111.23) might explan pat of the difference Also a possble difference in
managematt of the bulls before arrivad a the dtation, as mentioned above, may be a the
origin of the difference.

The results of the feed intake are shown in Table 111.25. The mean daly DM-
inteke over the firgt period of the NC group was 710 g or 9 % lower than the mean DM-
intake of the other groups This low DM-intake is probably caused by the low protein
(i.e. the low OEB-leve (degraded protein baance)) content fed to that particular group.
For the second subperiod no differences in feed intake due to the treatments were found.
For the third peiod on the contrary, the two groups with a high energy content ae on
average 660 g DM lessthan the other groups.

Table 111.2.5: Influence of treatment (T) and year () on daily intake

Treagtments Pooled P-vdue

NC DP IE DPIE SD T Y
DM (kg)
dart —460 7.19% 7.78 7.95° 7.96° 033 001 010
460570 9.00 937 9.16 9.28 049 013 000
570 —680 8.75% 8.91° 7.95° 839" 032 000 004
Tota period 8362 8.74 831° 856% 025 004 011
CP (kg) . . ; )
dart—460 091 1.2 1.30 1.30 004 000 065
460570 1.12° 1.34° 1.41° 132° 004 000 053
570680 105 107 117° 100° 008 000 000
Totd period 1.032 1.20 1.27 118° 004 000 004
DVEct (kg)
dart —460 0522 0.74 0.81° 082° 003 000 064
460570 0.64% 0.76° 0.86° 075° 004 000 000
570 —680 0.59% 0.61° 0.67° 057° 004 000 000
Totd period 059° 0.6 0.76° 069° 002 000 017
NEF T (MJ)
dart —460 5468  5958°  5758° 5765 036 004 014
460570 6038 7297 7090° 7228° 056 006 0.00
570—680 67.38% 68.62° 64.55* 6931° 039 005 003

Totd period 6420  6745° 6462° 6710° 029 004 013
#2% meansin arow with different superstripts are significantly different (P < 0.05)
T seefootnote Table111.2.3
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Espedidly the IE group hed a very low DM-intake during that third period. For
the totd period the DM-intake of the DP group was highest, but not sgnificandy
different from that of the DPIE group.

A dgnificat influence of the trestments on the daly inteke of CP and DVEC
was found for dl three subperiods and for the totd period. The NC group hed the lowest
daily protein intake, while the |E-group hed the highest protein inteke.

The energy intke during the firgt, third and totd peiod was dightly influenced
by the trestments. During the firs and second subperiod energy intake of the NC group
was lowest en during the third subperiod IE group hed the lowes inteke The firg
differences were S0 important that for the totd period the NC adso had a lower energy
inteke than the DP group. During the second subperiod daly energy inteke for the four
groups averaged 714 MJ NEF a a growth level of about 1.46 kg per day. Severd
differences were found between the two replicates, especidly during the second and
third period.

Table 111.2.6: Influence of treatment (T) and year (Y) on feed conversion

Trestments Pooled P-vdue
NC DP IE DPE SD T Y

DM (kg/kg growth)

dart —460 527% 467 491 495 043 021 001
460 —570 658 636 630 635 062 057 000
570 —680 806 818 821 752 088 054 012
Totd period 667 642 650 630 041 044 009
CP (kg/kg growth)

dart —460 067° 074 o08° 08" 006 000 013
460570 082 091 097° 091° 006 001 001
570 - 680 096* 098 121° 089 013 001 001
Totd period 082* 088 100° 087 004 000 057
DVEc' (kg/kg growth)

dart —460 038% 045 050° 051° 004 000 003
460570 047% 051° 059¢ 051° 005 000 0.0
570 - 680 055 0560 069° 051* 009 002 000
Totd period 047 051%° 060° 051* 003 000 096
NEF " (MJ/kg growth)

dart —460 4004 3576° 3B55 3B83® 304 009 001
460570 50.74 4957 4874 4943 492 064 000
570 —680 6213 6296 6669 6213 708 07L 010
Totd period 5122 4957 5053 4936 327 071 011

ab.c

: meansin arow with different supersripts are sgnificartly different (P < 0.05)
" seefootnote Table 111.2.3
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Although there was no sgnificant influence of the treetment, LP content (NC)
had an unfavourdble influence on the DM and NEF efficdiency during the fird two
periods (Table 111.26). On the contrary, CP and DVEc effidency were dgnificantly
improved when feeding LP compared to HP. For the totd period a sgnificant worse CP
and DVEc efidency was found for the IE group which recaved congtantly a HP leve.
Egecidly in the third subperiod the proten converson of that group is vey
unfavoureble being about 29 % higher then the meen of the three other groups. During
the firs peiod a dgnificant interaction between treatment and year wes found for DM,
CP and DVEC conveson. This wes probably caused by the higher mentioned
interaction between treatment and yeer for growth rate during thet same period.

Carcass quality

The efects of the feeding regimens on the carcass characteridics are shown in
Table 111.27. Vay few dgnificat differences have been found. A dgnificat effect of
the treatment or the year wes not found ether on the fasting weight loss on the
SEUROP conformation and fatness score or on the proportion of bone in the carcass
and the proportion of proteinintheLT.

Dressing proportion and proportion of fa and waer in the leen tisue was
sgnificantly influenced by the treaments

Table111.2.7: Influence of treatment (T) and year (Y) on carcass characteristics

Treatments Pooled P-vdue
NC DP IE DPE SD T Y
Fasting weight loss (%) 19 23 20 21 08 092 058
Cold carcass weight (kg) 458 458° 465 455° 17 011 005
Dressing proportion (%) 68.1° 69.1° 696 683° 13 000 017
SEUROP-dassification
Conformation 168 169 172 166 12 043 099
Fatness* 57 54 56 57 09 075 013
Carcass composition (%)
Meat 762 764 761 753 20 012 000
Fat 113 110 111 119 21 017 0.00
Bone 125 126 128 129 08 051 006
LT composition (%)
Moisture 758 7.7 756° 755 04 004 0.00
Protein 24 25 26 25 03 031 095
Fat 09° 09 100 12 03 00l 026

3% meansin arow with different supersoripts are sgnificantly different (P < 0.05)
'S=18 E=15U=12, .., P=3points

*Class1= 3 (very lean), Class 2 = 6, ..., Class 5 = 15 points (very fat)

$ LT =m. longiss musthoracis
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Cold carcass weight, proportion of lean and fat in the carcass and proportion of
maoigurein the LT were sgnificantly influenced by the effect year.

The IE group had the highet cold cacass weaght, but this was only
sgnificantly different from the carcass waght of the NC. As the daughter weghts of
the four groups were comparable (Table 111.2.3) thexe differences are mainly a reult of
the improved dressng proportion. The mean dressing proportion of the DP and IE
groups was 69.4 % while the other two groups had a mean dressing proportion of 68.2
%. The mean conformation score for the four groups was 16.9.

Some changes wee found in the compostion of the LT, dthough these
differences have only minor practicd importance. The DPIE group showed an incresse
in fa content in comparison with the other groups. For the protein content of the LT a
sgnificant interaction between treatment and year was found. Since this parameter only
varied between 22.4 and 22.6 %, the importance of thisinteraction is negligible.

In Table 111.28 realts of the growth and carcass characteristics have been
gahered to cdculae the daly carcass growth and the daily accretion of meat in the
cacass. Assuming that the proportion of ocold carcass weight/live weight averages 66.5
% a a weght of 350 kg (De Campeneere, unpublished data) and taking the cold carcass
weight a& the end of the trid and the duration of the trid into account, meen daly
carcass growth can be cdculated. This parameter multiplied with the proportion of mesat
in the carcass gives mean daily mest accretion.

Table 111.2.8: Influence of treatment (T) and year (Y) on the calculated daily carcass
gronth and meat accretion and on feed conversion expressed per kg carcass and meat
accretion (accr.)

Tregments Pooled P-vdue
NC DP IE  DPE SD T Y

Carcassgrowth 084 09 090° 092 012 002 061
(kg/day)

Meet accretion 064 071° 069 069° 009 003 023
(kg/day)

Kg DM/kg carcass 994 936 919 935 062 022 030
Kg CP/kg carcass 122° 128 141° 129 007 002 019
Kg DVEc/kg carcass 070> 074 084 0768 005 000 0.39
MJINEF/kg carcass 1106 1046 1036 1061 071 038 034
Kg DM/kg mest accr. 1305 1225 1208 1242 080 022 0.72
Kg CP/kg meat accr. 160° 168 18° 17* 011 001 004
Kg DVEc/kg meat accr. 092° 096° 111° 101° 007 000 008
MJINEF/kg meet accr. 1452 1370 1361 1411 093 036 077

ab.c

: meansinarow with different superscripts are Sgnificantly different (P < 0.05)

A ggnificant effet of the tretments was found on the carcass growth and on
the daly meat accretion. Due to the low dressing proportion and the longer trid period,
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daly carcass growth of the NC group is sgnificatly amdler then that of the three other
groups. However, the daly mest acoretion of the NC was only significant different from
the DP group. The animds of that group accreted somewha more then 700 gram mest

per dey.

The realts of the feed converson expressed per kg carcass growth or meat
accretion generdly confirm the results of Table 111.26. No differences were found for
DM or for NEF. CP and DVEc converson indicate that IE is less efficient than the other

groups.

111.2.5 Discussion

May aithors previoudy corfirmed thet low dietay proten leves reduce
animd peformance (Boucqué et al., 1980 Cobic et al., 1980; Levy et al., 1980;
Anderson et al., 1988; Fiems et al., 1998). In most cases 120 g CP per kg DM is
affident for optimum peformance Although in our sudy the protein densty of the
firgt period fed to the NC group was 123 g CP per kg DM, the NC grew dgnificantly
dower than the other three groups This is in agreement with Fems et al. (1998) who
concluded thet for BB dm bulls 160 g CP is advised for optimum growth during the first
period of finishing (350 to 500 kg). They dso concluded that 125 g CP should suffice
for the res of the finishing peiod. This is confirmed in this dudy, as there were no
dgnificant differences concemning growth between NC and the other groups during the
second and third period. The somewhat lower growth of the NC during the second
ubperiod could be explained by the live weight a& the end of the first subperiod, which
was not comparable for the two studies. Whereas Fems & al. (1998) proposed a high
protein levd until 500 kg, protein contert was decressed from 460 kg onwards in this
sudy. The reaults probably confirm the weght range for extra protein feeding proposed
by thefirs sudy.

Cobic et al. (1980) confirmed the posshility to lower the protein content in the
diet in three weight ranges with Dutch Friesan and Smmentd x Fiedan bulls 140 g
CP per kg DM until 250 kg, 120 g CP until 350 kg and 100 g CP until 435 kg. Rohr et
al. (1982 liged optimum protein densties for Fiedan bulls with different live weght,
from 145 g CP a 200 kg to 110 g CP per kg DM a 500 kg. Anderson et al. (1988) dso
found an improved gain between 310 and 560 kg with Simmentd crossbred bulls, when
feading 120 ingeed of 100 g CP per kg DM. At a higher live weght no difference
between the two trestments was found. All these reaults indicae that a high digtary
protein levd is veary importat a lower live weights but once pessed a certain weight,
animds only need lower proten levds The threshold weght, and the optimum proten
contents vary among sudies, though none of them suggested levels of 160 g CP per kg
DM a&s did Fiems et al. (1998) and 158 g CP as in this trid. This corfirms the important
difference between BB dm bulls and non-dm bulls or bulls of other bresds

No important influence of the energy dendty on the growth rate was found. In
the firs period IE and DPIE groups received both HPLE while DP group received
HPME. No differences in growth were found between these groups conduding thet
growth does not improve when rasng the energy level to more than 7.25 MJ NEF per
kg DM. During the second period dl groups received the same enegy densty and
during the third, NC and DP groups received ME while IE and DPIE groups were fed
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HE. The only difference in growth rate during thet third period was found between
DPE and IE groups, which recaved both HE. Fiems et al. (1998) neither found any
influence of energy levd on growth rae. Andersen (1978) however daed thet energy is
the man fadtor detemining the growth and carcass gan. As we ocould not find any
sgnificant influence of the energy densty on these parameters one could condude thet
the lowest energy densty fed, 7.25 MJ NEF per kg DM, is aufficient for optima
growth. This was earlier confirmed by Fems et al. (1990) with BB dm animas, where
different energy levels were induced by incorporation of fa. They did not found any
influence of dffeet energy levds, between 7.2 and 7.9 MJ NEFkg DM, on growth
rae Zinn (1989) daed tha fa supplementation only promotes daly gain when energy
levd isinaufficent.

During the fird subperiod the group with the low protein levd (NC) had a
reduced DM-inteke. It is wdl known tha limited protein feeding can reduce rumen
fermentation due to a shortage of nitrogen in the rumen (Merchen & al., 1987). A
dower fermentation causss a reduced digestibility and consequently reduces passage
rate, which in turn reduces DM-intske.

Mog of the observed differences in CP and DVEC intake are imposed by the
experimentd design. The NC consumed least and the |E consumed mogt protein.

The lower energy inteke during the firg subperiod of the NC is a consequence
of the earlier mantioned decreesed DM-inteke The last one was caused by a reduced
protein content of the diet. The sgnificant lower energy inteke during the third period of
the IE group compared to the DPIE group is hard to explain, as they recaved about the
same energy leve.

In agreement with Cobic et al. (1980) CP and DVEc efficency of the animds
recaving LPis dways better than thase receiving HP.

Dressng proportion of the IE groups was dgnificantly better then that of the
others This difference is vary hard to explan. It might be caused by the difference in
DM-inteke during the third period, which influences gut fill, which on his tum can have
influenced dressing proportion  dightly. However, this efet should be minimissd by
the fact that dressing proportion is besed on fadted live weight. Hems et al. (1990 and
1998) found no improvement of the dressng proportion with energy leves higher then
74 MJ per kg DM. In correspondence with Fems et al. (1990) percentege fat in the
cacass was not sgnificantly influenced by the enagy levd but this is not in agreement
with Prior et al. (1977).

The minor differences concaning LT ocompostion show that during the third
period, HE increesed LT fa contert, if dietary protein content wes low. The increase in
fat is compensated for by a decrease in moisture.

Ovedl, svad dgnificat influences of the efet year were found. Wheress
some of these sgnificances concerning inteke and feed converson ae caused by the
differences in maize slage or from the fat that the animds might have been tregted
differently from one year to ancther before arivd a the Depatment, the sgnificances
concaning cacass qudity are less essy explanddle Mean daughter weight wes only 8
kg higher for the firgt than for the second year. Climatic differences during the weeks or
days precesding daughter may be of importance.
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In generd, very few differences were found between the DP and the DPIE
group. But when the performances and the feed conversons are expressad in kg carcass
and kg meat (Table 111.2.8), the DP group proves to be somewha better than the DPIE
group. Although in the third period (Teble 111.26) the results are dightly better for the
DPIE than for the DP. Due to the high dressing proportion, the IE group tes comparable
performances as the DP and DPIE groups, when expressed in kg meet accretion, but the
feed converson isworse

Basad on the improved growth of the animds during the firg peiod the high
protein level of 100 g DVEC per kg DM is recommended. During the second subperiod,
the growth of the NC is not dgnificatly different from the other groups though it is
more than 0.1 kg per day lower. This could suggest that the fird phase should be
extended upto 500 kg as mentioned by Fiems et al. (1998) indead of 460 kg. This was
confirmed when the growth rate was platted againgt the number of days in trid for the
four treatments. The NC group grew dower during the first 100 days At that time they
weighed about 500 kg.

The comparable growth rate during the second subperiod of the animds with
MP and thee with HP, and the better feed converson of the firg groups during the
same peiod, confirm the posshbility to lower the proten levd in the diet. From 460 kg
onwards DVEc can be decreased towards 81 g DVEC per kg DM and later on to the
minimum leve of 68 g DVEC per kg DM for thefind period of fattening.

The energy leved did not influence the growth rate in any of the three peiods
During the firs period, DVEC converson of the DP group (ME) was Sgnificatly better
then the one of the groups receving a low energy levd (IE and DPIE). ME dso
improved DM and CP converson, but not sgnificantly. In the second phase dl groups
recdved ME and in the third phese vay litle differences were found between the
groups fed ME in combination with LP (NC and DP) and the group fed HE in
combingtion with LP (DPIE). Daly DM and protein inteke of the DPIE group was
dgnificantly lower in that period, while growth rate tended to be somewhat better. This
resulted in a tendency towards an improved DM and protein converson in the third
period for the DPIE group. On the other hand, carcass qudity of the DP group was
somewhat better. Therefore, the extra cost of feeding 825 MJ NEF compared to 7.71
MJ during the third period seems not judtifigble.

111.2.6 Conclusion

As a condusion the falowing combination could be recommended to be fed to
BB dm bulls in an atempt to optimise performance and carcass qudity. In a fird period
from 360 towards 460 kg, 100 g DVEc (160 gCP) per kg DM in combination with 7.75
MJ NEF per kg DM should be provided. In the second period from 460 to 570 kg,
protein content can be decreased to 81 g DVEC (143 g CP) per kg DM, while energy
levd can be mantaned. And findly, from 570 kg until Saughtering, protein can be
further decreased towards 68 g DVEC (120 g CP) per kg DM while energy can ill
remain around 7.7 MJNEF.
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|V Body composition of Belgian Blue double-
muscled bulls

General outline of Chapter IV

To detemine energy and protein standards, not only data on the performances
are important, dso data on the compaostion of the body are essertid. Paticulaly daa
on the compostion of the gan over the conddered weght range are indigpenssble
Unfortunately, the chemicd body compostion of BB dm bulls hes never been andysed
before. Beddes the BB dm buls hawe proven to be veay deviat. As such,
compogtiond data of other breeds can not be used. Therefore, the evolution of the body
composition had to be estimated.

Two in vivo estimation techniques, urinary credtinine excretion (UCE) and urea
infuson, were goplied on a totd of 46 hulls and for each bull on four different live
weights But, 18 bulls out of the 46 were daughtered, homogenised and subsequently
andyssd shotly after goplying both esimation techniques & one of the four live
weights In order to have a homogenous Soreed over a weght range between 300 and
700 kg, some hulls were daughtered after the firg (around 360 kg), some dfter the
second (around 460 kg), some after the third (around 570 kg) and some ater the fourth
goplication (around 680 kg) of both techniques In totd, 151 UCE determinations and
147 ureainfusonswere performed.

The realting data can be divided in three sats. The fird st are the results of
the 151 UCE and 147 urea infusons. The second s, which is a pat of the fird s, are
the reallts of the 18 UCE determinations and urea infusons prior to daughtering on the
homogenised bulls The third st condss of the compostiond daa of these 18
daughtered bulls

Chapter IV.1 “In vivo egtimation of body compostion” describes how we
determined the best technique to edimate in vivo body compostion. Therefore, two
groups of data were used. On the one hand the data on the body compostion of the 18
bulls that have been homogenised and andysed. On the other hand, the realits of the
egimation techniques peformed on these 18 bulls prior to daughter. Combining these
daa dlowed us to detlermine equations predicting the composition of an animd from
the results of one of the evaduated estimation techniques

Based on the precison of the different equations, the bet edimaion technique
was sdected and afterwards used to determine the changes in the body compostion of
the BB dm buls over the consdered live weight range (300 to 700 kg). Thee
cdculations together with some more detals on the compostion of the BB dm bulls are
gvenin Chapter 1V.2: “ Analyssand discusson of the compostional data”.

Apat from the in vivo edimaion techniques, two post mortem edimation
techniques were dso evduated with the data of the 18 bulls De Campenegre et al.
(1999¢) edimated body compostion from the chemicad compostion of the noncarcass
parts. De Campeneere et al. (1999b) evduaed the chemicd and the tissue composition
of the 8th rib as predictors of the carcass compostion. These results are not presented in
this study since they can not be used to derive the energy and protein sandards.
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|V Body composition of Belgian Blue double-
muscled bulls

V.1 1n vivo estimation of body composition

Compiled and redrafted from:

“Evaluation of urinary creatinine excretion to etimatein vivo body
composition of Belgian Blue double-muscled bulls’
De Campeneere, S, Fiems, L.O., Vanacker, J.M., Boucqué Ch.V.

submitted to:
Annales de Zootechnie

ad

“Evaluation of ureainfusion to estimatein vivo body compostion of
Belgian Bluedouble-musded bulls’
De Campeneere, S, Fiems, L.O., Vanacker, J.M., Boucqué Ch.V.

in pressin:
Journal of Animal Physiology and Animal Nutrition
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V.1 In vivo estimation of body composition

1V.1.1 Abstract

Two in vivo edimdion techniques (urinary credinine excretion (UCE) and
urea infuson) were paformed on 18 Bdgian Blue doublemusded bulls Faged live
weight (FLW) a the time of detlermination ranged from 308 to 710 kg. To determine
UCE, animds were confined in metebolic cages, to collect urine over a four-day period.
From the credtinine concerttration of the wine sample and the totd collected volume
UCE was cdculaied. Four days dter the end of the collection period, bulls were infused
with a urea solution, providing 130 mg urealkg fLW. Urea space (US) was determined
from the difference in plasama urea concentration between samples taken before and 12,
18 and 24 minutes dter meen infuson time The day dter infuson, the bulls were
daughtered and subsequently the chemica body composition was determined.

Patly due to the large fLW range, kg water and kg protein in the empty body
were quite accurately predicted by UCE (adjR2 = 0.94 and 0.97) and by US (adjR? =
0.89 and 0.91). The precigon of the prediction of the empty body fa component (in kg)
was less good (UCE: adjR?z = 0.77; US. adjR?2 = 0.70). However, the empty body
compadtion of the bulls vaied only dightly and linearly with increesing live weight so
that the fLW was the best parameter to estimate kg empty body water and protein with
both an adjRe-vdue of 099. The empty body fa was edimated from that same
paameter with an adjR2 = 0.75. The equaions predicting reaive body compostion
from UCE and US had much smdler adjRe-vaues (UCE: 0.50 for % EBWa, 0.40 for %
EBF and 0.26 for % EBP, US: 0.54 for % EBWa, 0.41 for % EBF and 0.32 for % EBP).
However, the RSD (resdud sandard deviation) and CV (coefficient of variaion) were
dso much smdle, meaning thet the predictions were better. Based on a comparison of
the CV, it was conduded tha the prediction of the rdative compostion from UCE and
US was dways dightly better than from fLW. But the improvements of both esimation
techniques compared to fLW were never important enough to judtify the work of the
determinations. Therefore, it is conduded thet due to the very dight changes in the body
compostion of the BB dm bulls and the large LW range, UCE or US could not
sgnificantly improve the estimation of body composition from fLW.

From the comparison of the results with other dudies it can be conduded that
the doublemusded hulls have an extremdy high urinay credtinine excretion, which
can not entirdy be explained by ther increesed protein content. As a second condusion,
time for equilibration of the urea in the water compartment was in this sudy found to be
remarkably longer then in others presumably due to the lower caillary densty of the
Begian Blue double-musded animas.



1V.1.2 Introduction

Compostional data

At daughter, a lot of animd tissues are conddered as offd, with fa beng an
important part of it. From an economic point of view reduction of totd fat in the body
ad in the cacass is very importat. Beddes as fa is found to be responsble for
cardiovascular diseases, a reduction of fa would dso be of interest for ressons of public
hedth (Klurfdd, 1994; Reckless, 1987). Sindar and O'Dea (1990) indicated that lean
besf can be induded in a choleterol-lowering diet if the overdl fat content of the diet is
kept low. The only drawback of reducing fat content might be reduced flavour. Savell
and Cross (1988) recommended aminimum fat content in meet products of 3 %.

As importat differences in fa contet exis beween and within  breeds
genetic Hection is the firg tod to sdect for leaner animds (Bass et al.,, 1990; Sinclar
and O'Dea, 1990; Lamberson, 1994). Therefore, data on the chemicad composition of
dfferent breeds are of interest.

The Bdgian Blue doublemusded (BB dm) bulls largdy dominate the Bdgian
besf make. Ther extreme conformaion and veay leen cacassss ae ther mgor
advanteges No daa ae avaldie on the chemicd body compostion of these animds
In this dudy, 18 BB dm hulls with vaying live weights were homogenissd and
andysed. Data about their body and carcass compostion are discussed and related with
the results of the in vivoestimation techniques.

I'n vivo estimation techniques

Daa on body or cacass compostion ae vey important in nutritiond
expaiments with meet-producing animds. The ided technique would estimate body or
carcass compostion bassd on messurements on live animds. In recent years, severd
techniques tha were origindly developed for human medicdne have been adgpted for
predicting in vivo compostion of animds (De Campenegre et al., 2000a; Chapter 11.3).
For example, computerised tomography (CT scan; Young et al, 1999), nuclear
magnetic  resonance (NMR; Baulain, 1997) and duadenergy X-ray absorptiometry
(Mitchdl et al., 1996) have proven ther ussfulness with smdler animds eg. sheep and
pigs Thex techniques ae vay expendve due to the high cods of the eguipment
involved. Moreover, they can't be goplied to larger ruminants (cows, bulls ec.), due to
the limited dze of most gppaaes as they were origindly deveoped for humen
medicine. Therefore, less sophidticated techniques such as the ones based on UCE or
urea infuson ae feeshle and redisle methods for in vivo esimation of body
compastioninlarger ruminants.

Urinary creatinineexcretion

Credine is mainly formed in the liver and is trangoorted by the plasma to the
muscles where it is stored (Brody, 1994). Borsook and Dubnoff (1947) found that 98 %
of the credtine resarves of the animd ae presat in the skdetd musdes manly in the
form of phosphocregtine. From thet credtine between 1.6 % (DdGiudice et al., 1995)
and 28 % (Borsook and Dubnoff, 1947) is daly converted into credtinine, which is
entirdy (DdGiudice et al., 1995) exaded in the urine Dinning et al. (1949) concuded
that daly excretion of credinine is not afected by proten inteke, but DdGiudice et al.
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(1995) dated thet digtary sources of credinine or cregtine gg. megt) may be important.
The differences in exardion between individud animds ae lager then the differences
between the exardions from day to day in the same animd (Dinning et al., 1949), and
the leen tissue of an animd can be consdered not to change makedly from day to day
(Lofgreen and Garet, 1954). Theaefore credinine excretion may be worthwhile in
predicting differences in the leen tissue content of animas Evidence has indeed been
accumulated, showing that UCE was highly corrdaed to the leen tissue of the animd
(Van Niekerk et al., 1963; Forbes and Bruining, 1976; Schroeder, 1990).

To determine UCE a totd urine collection over & least a 24 hour-period and a
dmple andyticd method (colorimetric) is nesded. In animd expeaiments, the wine is
usudly collected over severd days and a composite sample is andysed. Except for the
collection of the wine this technique is vay dmple litle time-consuming and requires
no high investments

In this study the adequecy of the UCE technique to edimate body compostion
of BB dm bullswas investigated.

Ureainfusion

The dilution technique is based on a rather condant redionship between the
empty body waer volume and the other chemicd components of the animd’s body. If
we can measure the amount of body water and body weight, the body compostion can
be estimated (Reid and Robb, 1971; Bartle and Preston, 1986).

Idedly, the maker used for infuson should not be toxic and should not have
awy physologicd dfect. It should diffuse rgady and homogeneoudy over the totd
water compartment, it should not be metabolised and preferably not foreign to the body
and there should be an accurae and convenient method to determine its concentration in
the sample taken from the compatment (modly a blood sample). The two mogt
frequently used merkers are urea and labdled waer, ether deuterium or tritisted water,
but in the past d0 other makers have been evduated, such as attipyrine and N-acetyl-
14-aminoantipyrine (Topd and Kauffman, 1988) and Evans blue (for plasma volume
Wright ad Russd, 19849). The dilution technique hes not only been applied with
different markers, but ds0 to severd spedies from cats (Kommberg et al.,, 1952) over
nursing fod (Geerken et al., 1988) up to men (Bradbury, 1961).

Based on ther study, Rule et al. (1986) conduded thet before usng any
predicion equetion for cdcauding body compostion of catle from in vivo
meassurement of dilution space, the equations should be tested with a sub-sample of the
catle populaion for which its use is intended. Accordingly, Hammond and Wado
(1985) decided that separate prediction equations might be required for different breeds
As BB dm hulls have proven to be anatomicdly and physioogicdly deviat from other
breeds (Chapter 11.1), it was important to edablish sgparate prediction equetions for
these animds.

Therefore, in this sudy the adequacy of the urea infusion technique to etimate
body compasition of BB dm bulls was investigated.
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IV.1.3 Material and methods

Experimental design

During two consecutive years, a totd of 46 bulls were chosen out of 160 bulls,
after a two-month adaptation period, to take pat in an expaiment invalving a sid
daughtering procedure. They were purchased in the market & a live weight between
275 and 325 kg. The totd expeimentd period was divided in three phases (ca. 360 —
460 kg, 460 — 570 kg and 570 — 680 kg). The animds were divided over four feeding
regimens (NC, DP, IE and DPIE), differing in energy and protein content. All diets
were fed ad libitum. The trestments were the same as the ones fed in the second feeding
trid and were desribed in deal in Chapter 111.2. In short, the negative contral (NC)
group (n = 10) condantly received a low protein levd combined with a moderate energy
level. With eech phase the protein levd of the DP group (n = 12) decressed while a
constant moderate energy levd was fed. The energy leve of the IE group increased (n =
12) in combinaion with a condat high proten levd. The DPIE group (n = 12)
recaved raions with increesng energy levds and decressing protein levds Only 10
bulls were dlocated to the NC group, because no bulls of this group were daughtered a
the beginning of the experiment (see further).

At the beginning of each phase (= 360, + 460 and + 570 kg) and a the end of
the experiment (+ 680 kg) both edimaion techniques were gpplied on dl animds
Therefore, they were confined in metabolic cages to determine UCE and four days after
the end of the UCE determingtion, the bullswere infused with urea.

In the course of the experiment 18 of the 46 bulls were daughtered at different
LW, the day dfter the urea infuson a + 360, + 460, £ 570 or + 680 kg. Subsequently,
they were homogenised and andysed to determine the reaionship between the results
of both in vivo edimaion technigues and body compostion. Nine bulls were
daughtered during eech year of the trid. The 18 bulls were sdected out of the groups
DP, IE and DPIE, based on their live weight (LW), in order to hae a homogeneous
sread of the LW over the invedigated LW range The fird group was the negative
control group and therefore no animals of that group were used for homogenisation.

A shemdic overview of the different gpplications of the estimation techriques
and the daughterings for homogenisdtion is given in Tade IV.11 After the firg
goplication of both edimation techniques a the beginning of the experiment (= 360 kg),
two animas from the groups DP, IE and DPIE were daughtered over the two yeer
period (animd 6, 12, 18, 29, 35 and 41 in Table 1V.1.1). Ther LW a daughter ranged
from 309 to 405 kg. After the second as wel as dter the third gpplication of the
edimdion techniques (+ 460 and 570 kg respectivdy), one animd from esch of the
groups DP, |IE and DPIE was daughtered. LW varied from 426 to 486 and from 543 to
503 kg for the animds daughtered doter the sscond and the third gpplication
respectively (enimds 7, 13, 42 and 19, 30 and 36 repectivdy in Table IV.1.1). Findly,
a the end of the trid, agan two animds from the groups DP, IE and DPIE were
homogenised, with LW ranging between 628 and 723 (animds 8, 14, 20, 31, 37 and 43
inTablelV.11).

112



Urinary creatinine excretion deter mination

To determine UCE, the bulls were confined in metabolic cages for a seventday
peiod. During that peiod they were fed ad libitum the same dig they wee given
during the preceding period. As such, during the fird and second collection period they
were fed the diet of the firg phase for the third and fourth period they received the
ration of the second and third period respectivdy. For more information on the raions
see Chapter 111.2. Before entering the metabolic cages, the animds were shaved and
washed to avoid pollution of the collected wing and weghed during three consecutive
days During the firg three days the hulls were accusomed to the metabolic cages.
During the remaining four days totd urine and faeces were collected separady. Urine
was collected and weighed once daly and arepresentative sample was teken. Before the
beginning of the collection, diluted sulphuric acid was added to the urine container to
reduce pH bdow 3 and to prevent bacterid destruction of credtinine Urine samples
were dored in plagtic bottles and frozen & -20°C until andyds for credinine
Cregtinine concertration in the urine was determined using a test combination based on
an enzymdic photometricd procedure (Boehringer Mannhem, Bedgium). UCE was
cdculated by multiplying the urinary concentration by thetota urine volume.

Four days dter the end of the collection period, a blood sample was taken from
the jugular vein to determine blood cregtinine concentration using the same colorimetric
procedure.

Ureainfuson

Four days after the end of the uine collection period in the cages, urea infuson
was peformed. Therefore, the animds were deprived from feed and water during a 16-
hour period, and faded live weight (FLW) was determined after that period. A blood
sample was taken to detlermine plasma ureaN (PUN) before infuson (on this sample
ds the blood credinine concentration was messured as referred to in the previous
paragraph). Subsequently a solution containing 20 % urea wiv dissolved in 0.9 % <dine
was adminigered during a 2-min intervd through a catheter, insarted in the jugular vein.
The volume injected was determined to provide 130 mg ureakg fLW. In order to know
the exat voume of the infusad olution, the syringes weare weghed before and
immediady ater infuson. Blood samples were collected through the same catheter 12,
18 and 24 min dter the meen infuson time After infuson and dter each sampling the
cahaer was flushed with <ine contaning hepain, to avoid dotting. The blood
samples were cetrifuged and the plasma frozen for subsequent PUN  andyss
Therefore, a photometricdl Merckotest test combination based on the Bethdot Method
(Merckotest 3334, Diagnogtica Merck) was used. US wes cdculaed for the three
sampling times (US12, US18 and US24) using the following equition:

mg urea-N infused
US (% of fLW) = YaYaYaYaYaYaYaYaYaYaYaYaVa
changein PUN (mg/200 ml) x fLW (kg) x 10

To determine absolute US (1), fLW was removed from the equation.
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TableIV.1.1: Overview of the applications of the estimation techniques and the daughterings for homogenisation

| NC | DP | IE DPIE

Year 1

Bu 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
360 kg X X X X X[X X X X X X[|X X X X X X X X X X X X

S S S
460 kg X X X X X X X X X X X X X X X X X X X X
S S
570 kg X X X X X X X X X X X X X X X X X X
S
680 kg X X X X X X X X X X X X X X X X X
S S S

Year 2

Bul 24 25 26 27 28 29 30 31 32 33 # 35 36 37 3B 39 40 41 42 43 44 45 46
360 kg X X X X X|X X X X X X[X X X X X X X X X X X X

s S s
460 kg X X X X X X X X X X X X X X X X X X X X
S
570 kg X X X X X X X X X X X X X X X X X X X
S S
680 kg X X X X X X X X X X X X X X X X X
S S S

X = application of both esimation techniques around the mentioned live weight
s = daughtering and homogenisation follawing the gpplication of the estimation techniques



Saughtering procedure and chemical analyss

The 18 hulls were daughtered in the experimentd daughterhouse of the Ghent
Univasty 5 km awvay from the Depatment, where dl expeaiments were conducted.
Bulls were not fasted before daughter. After stunning, bulls were rapidly exsanguinated.
During the daughtering procedure dl non-carcass parts (NCP) were separated from the
cacass and gathered. All blood was collected and weighed separatdy. After bleeding,
the head, fest and hide were removed, weghed and without any further trestment
gathered with the NCP. After removd, the weights of the lungs and trachea, heart, liver,
spleen, tedtidles and penis were recorded. All the organs were added to the NCP. Gut fill
was asessad by weghing the gedtrointestind tract, before and dfter removd of its
contents, and cdculated by difference. The emptied gedtrointestind tract was added to
the NCP. Empty body weght (EBW) was then determined as LW minus gut fill. Once
the organs and the gadtrointestind tract were removed, the body was Salit in a right and
a left hdf. All removable faty tissues were weighed and added to the NCP. Findly the
kidneys and the ears were removed and they completed the NCP. As such, the carcass
was the remaning pat of the body dater remova of the totd NCP, incduding 4l
removable fatty tissues The tal however was conddered as a pat of the cacass At the
end of the daughtering procedure weight of the right carcass hdf (induding hdf of the
tail) was determined.

The right carcass hdf (CC) and the NCP were prepared for andyss according
to the fallowing procedure. As soon as possible after daughtering, the CC and the NCP
were separady frozen a —28°C. Therefore, the CC was divided into pieces with
maximum dimendons of 60 cm. The degp-frozen CC and the NCP were separatdy
homogenised and a sample of a least a tenth of the initid mass was taken. The samples
were then autodaved a& 121°C during 6 hours. After cooling down, the samples were
further homogenised in a meat cutter and again sampled. Once freeze-dried, they were
gound and andysed. The weghts of the different samples were recorded, a the
different steps of the procedure, to correct for weight losses due to evgporetion. Waer,
protein, fat, ash and energy in the CC as wel as in the NCP were separately andysed.
Dry mater wes deemined by weghing before and dter lydfilisstion. After grinding
through a 1 mm deve, the sample was then further dried in an oven a 103°C during 4
hours. Crude fat was determined according to EU method (Publication Europesn
Communities No. L15/29 (method B)) consgting of a hydrolysis with 3N HCl followed
by a 6 hour Soxlegh extraction (petroeumether). Crude protein and ah in the
homogenisad carcass and nonrcarcass components were determined as described above
for the feed characteridtics (see 111.1.3). Gross enargy content was determined using an
iso-peribolic  IKA-cdorimeter  C7000 (IKA, Heitersham, Gemany). Amino acid
compostion of the proten of the carcass and the non-carcass parts was determined,
ater hydrolyss according to BechrAndersen et al. (1990), with an Eppendorf LC3000
amino acid andyser (Eppendorf, Hamburg, Germany). Before hydrolyss, the sample
was oxidised with peformic acidhydrogen peroxide. Hydrolyss was peformed using 6
N HCl contaning 50 mg pheno. Amino acid sepparation was done with a cation
exchager and pogt column photometricd detection with ninhydrin. From a standard,
tyrosine recovery was determined to be only 65 %. Reaults of andyss of tyrosine were
therefore corrected to 100 %.
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Water, protein, fa, ash, energy and amino adid compostion of the protein in
the empty body (EB) were cdculated from the results of the CC and NCP composition.
Lean body mass (LBM) was cdculaed asthe EBW minustotd fat weight.

Due to technicd problems body compostiond data from one animd were
urdiddle and therefore dl data concaning tha animd were exduded from dl
datisticd andyses. Consequently, the compostiond data are based on 17 observations.
After andysng the blood samples of the urea infusons the results of one of the 17
remaning infusons were unacogptable (urea concatration did not increese  dfter
infuson) and were exduded from dl ddidicd andysss. As such, the rdations
involving US are based on 16 obsarvations.

Statigical analyss

Means dandard devidtions, corrdation coefficients and linear regressons were
cdculated usng SPSS 80 (1998). To evauae whether the different treatments had an
influence on the compodtion of the bulls covaiance andyses was peformed andysng
the compostiond daa in funcion of the trestment with fLW as a covaiant. Using
lineer regresson, prediction equations were firg caculated based on each of the three
prediction paramges (UCE, US and fLW). Secondly, depwise multiple linesr
regresson was done to predict body compostion from dl avaladle prediction
paametes (UCE, wuwinay creginine concentraion, blood cregtinine  concentration,
US12, US18, US24 and fLW).

1IV.1.4 Results

It should be dressad once more thet in the folowing pat, only two sgts of data
were used. On the one hand the data on the body compostion of the 17 bulls thet have
been successfully homogenised and andysed. On the other hand, the resllts of the
edimation techniques performed on these 17 bulls (16 bulls for urea infuson) just prior
to daughter.

Compostional data

In Table IV.1.2, data on the FLW, as wdl as on EBW and on LBM of the 17
homogenised bulls are liged. The fLW of the 17 bulls varied between 308 and 710 kg,
while EBW varied between 276 and 669 kg.

Table IV.1.2: Mean, standard deviation (SD) and range for the fasted live weight (fLW)
the weight of the empty body (EBW) and the lean body mass (LBM)

Mean SD Rage
LW (kg) 506.0 134.9 308.0- 710.0
EBW (kg) 471.6 132.3 276.4 - 668.8
LBM (kg) 440.5 1182 260.6 - 618.9
LBM (% of empty body) 937 18 90.3-96.5

Covaiance andysss exduded any influence of the treaments on the
compogtion. This is in agreement with the resuits of the pardld feading trid (Chepter
[11.2), in which the same four raions were fed. The different trestments had no
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influence on carcass compostion (Table 111.27). As such, dl compostiond data could
be pooled for andyss

Table 1V.1.3: Mean, standard deviation (D) and range for the weight and composition
of the non-carcass parts, theright carcass half and the empty body

Mean SD Range
Non-carcass parts weight (kg) 1240 349 733- 1785
Non-carcass parts
water (kg) 827 20.1 50.7 - 1186
protein (kg) 249 7.6 134-353
fat (ko) 133 8.0 44 - 327
ach (ko) 4.3 12 24-72
energy (MJ) 1110 444 559- 2068
water (%) 66.7 34 59.2- 717
protein (%) 19.7 14 164-22.1
fat (%) 100 37 46- 184
ah (%) 35 05 25-49
energy (MJkg) 8.6 14 65- 116
Right carcass hdf weight (kg) 1736 488 101.5- 247.6
Right carcass helf
water (kg) 1217 32.8 72.3-170.7
protein (kg) 353 10.2 20.3-49.7
fat (ko) 8.8 42 41-165
ash (kg 6.9 24 35-106
energy (MJ) 1211 392 692 - 1844
water (%) 703 15 67.4-72.7
protein (%) 203 05 195-21.2
fat (%) 49 12 31-74
ah (%) 3.9 04 30-44
energy (MJkg) 6.9 05 6.1-7.9
Empty body weight (kg) 471.6 1323 276.4 - 668.8
Empty body
water (kg) 325.7 85.7 1954 - 457.9
protein (kg) 952 279 54.0- 134.7
fa (k) 312 16.4 126-64.6
ach (k) 176 6.0 10.1-26.8
energy (MJ) 3530 1233 1944 - 5722
water (%) 694 19 65.8- 72.0
protein (%) 201 0.6 189-21.2
fat (%) 6.3 18 35-9.7
ash (%) 3.7 0.3 30-41
energy (MJkg) 7.4 0.7 6.4-8.7
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In Table 1V.1.3, daa on the compostion and the weight of the NCP, the CC
and the EB of the 17 homogenised hulls are liged. On average, the @rcass of a BB dm
bull contained 70.3 % water, 20.3 % protein, 4.9 % fa and 39 % ash. For the empty
body, the mean composition averaged 694 % water, 20.1 % protein, 6.3 % fa and 3.7
% ash.

Although the animds that were usad for homogenisstion recaved different
raions and were daughtered a different live weights the compostion of the empty
body and the carcass varied only dightly. The resdts of the homogenisations showed
vay low fa cotents in the dm animds despite the higher LW of some of the
homogenised bulls In the carcasses the fa contert only varied between 3.1 and 7.4 %.
As expected, the chemicd fa contet in the NCP was somewhat higher and ranged
from 46 to 184 %. The maximum fa content in the EB was bdow 10 %, while the
lowest fat content was 35 %. The protein content was very seble for the CC (between
195 and 21.2 %), but somewhat more variaion was found in the NCP (between 164
and 221 %). As such, protein content in the EB only varied between 189 and 21.2 %.
As the fa and the proten content were rather dable, the water content neither varied
much. The water content in the EB ranged from 65.8 to 720 %. The ash content in the
EB was dways smdler than 4.2 and larger than 2.9 %.

Urinary creatinine excretion

In Table 1V.14 daa concemning the blood and urinary credtinine concentration,
the daly urine production, the UCE (g/day) and the raio UCELW of the 17
determinations before homogenisttion are liged. These figures are dl basaed on a four
day collection period, except blood creatinine concentration.

TableV.1.4: Means, SD and ranges for different creatinine parameters of the 17 bulls

Mean SD Range
Blood crediinine concentration (Lmoal/l) 199.2 435 130.0- 279.7
Urinary creatinine concentration (mmol/) 288 9.9 16.6- 545
Daily urine production (1) 7.9 15 6.1-10.8
UCE (urinary cregtinine excretion; g/d) 252 74 143- 375
UCE/fadted live weight (mg/kg) 49.6 29 440- 537

On average the 17 hulls daly produced 7.9 litres uring with a credinine
concentration of 288 mmoal per litre resulting in 252 grams urinary credtinine excreted
daly. Teking the fLW into account, the mean uwinay cedinine excreion per day
averaged 496 mg per kg fLW. This paranger only varied between 44.0 and 537
mg/cy.

The corrdaion codfficdents between the different compostiond parameters
and the credinine parameters are shown in Table 1V.15. All rdaions in the upper part
of the table were highly sgnificat exoept those with urinary credtinine exaretion pa kg
fLW. The later was only dgnificently corrdated with the dadly credtinine excretion
expressed in g/day. Empty body water (EBWa), empty body protein (EBP), fLW and
LBM wee mutudly vey highly cordaed, while the corrdaions of these four
paameters with empty body fa (EBF) wee dealy less high. The blood credtinine
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TableV.1.5: Correlation coefficients between compositional data and different creatinine parameters (n = 17)

EBWa EBP EBF LBM fLw Blood Urinary Daly Urinary
kg (kg (k9 (kg kg cregtinine cregtinine credinine  aredinine

concatraion  concentration  excretion /LW

(umolf) (mmolf) (gd) (mg/kg)

EBP (kg) 0.99**

EBF (kg) 0.83**  0.87**

LBM (kg) 0.99**  099** 0.85**

fLW (kg) 0.99**  099** 0.87** 0.99**

Blood credinine 0.89** 087* 082 08%* 0.89**

concentration

Urinary credtinine 0.81**  081** 091** 081** 0.83** 0.86**
concentration

Dally cregtinine 097**  099** 0.88** 098* 0.98** 0.87+* 0.84**
excretion

Urinary creatiningkg 0.41 0.48 0.46 0.43 044 0.33 0.46 0.59*
fLW

EBWa EBP EBF LBM
(%) (%0) ) (9

EBWa (%) -0.69** -0.61* -0.74%* -0.73** -0.50*
EBP (%) -0.41 0.48 0.24 0.20 0.55* 0.70**
EBF (%) -0.94%* 0.17 0.63** 0.59* 0.79** 0.66** 0.39

LBM (%) 0.94** -017  -1.00** -0.63+* -0.59* -0.79** -0.66** -0.39

*: P-vaue < 0.05; **: P-vaue < 0.01



concentration was higher corrdaed with EBWa, EBP, LBM and fLW than the urinary
cregtinine  concentration.  However, daly uwinay credtinine excretion showed the
highest corrdaions with dl body components except with EBF. The latter was best
cordaed with the concentretion of credtinine in the urine This indicates that totd
cregtinine excretion will be the best predictor of the body compostion, but if wine can
not be collected over a leest a 24-hour period, blood credtinine concentration is more
gopropriate  than wrinary  credinine to esimae the composdtion (except for the fat
content). Basad on this condusion, regresson eguaions will only be derived to esimate
body compostion from totd uwinay credinine excreion (UCE). For the multiple
regression andyssdl three parameters will be used.

When body compostion was expressed in percentages (bottom part of Table
IV.15), most corrdations decreased subgtantidly. LBM (%) and EBF (%) are perfectly
corrdlated (r = -1.0) as % LBM is cadculated from EBF (kg) as follows (EB (kg) — EBF
(kg)) / EB (kg). For % EBWa, % EBF and % LBM the best corrdations were found
with uwinary credinine concentration. % EBP was best corrdated with excreted
cregtininein the urine per kg fLW.

In Table V.16 the reallts of the regresson andyses are lised. In the upper
hdf of the table rdaions between UCE and absolute empty body composition of the 17
buls are shown. EBWa and EBP were accurady edtimated by UCE. EBP had the
highest adjR2 (0.97) and the lowest RSD (CV) vdue 4.8 kg (5.0 %) vs 21.4 kg (6.6 %)
for EBWa Edtimation of the fat content was less successful, with an adjR2 = 0.77 and a
CV of 25.3 %. The LBM was a0 accurately predicted by the UCE.

Table 1V.1.6: Empty body composition (kg and % of EB) and LBM (kg and % of EB)
estimated from UCE (g/d) with adjR2, RSD and CV (n = 17)

Prediction equation adjR? RSD  CV (%)
kgEBWa  =4238+ (11.22x UCE) 0.94 214 6.6
kg EBP =146+ (3.71 x UCE) 0.97 48 5.0
kg EBF =-18.32+ (196 x UCE) 0.77 7.9 253
kgLBM  =47.64+ (1556 x UCE) 0.95 265 6.0
%EBWa  =74.1-(0.18x UCE) 0.50 133 19
% EBP =189 + (0.05 x UCE) 0.26 054 27
% EBF =217 +(0.16 X UCE) 0.40 143 27
%LBM  =97.8-(0.16 x UCE) 0.40 143 15

The vay high adjRe-vdues, in the upper pat of Table IV.16, ae manly due
to the high vaiaion in EBW. Theefore, body compostion was expressed in
percentages and the rdations between the rdative body compostion and UCE were
gudied (lower hdf of Table 1V.1.6). In comparison with the upper hdf of the table the
adjR?-vdues were noticesbly lower. The rdaion between % EBP and UCE was
paticulaly wesk (adjR2 = 0.26). But, owing to the smdl compostiond varidion in this
type of bull, the RSD vdues of the same egudions were amdl, indicating that they give
agood etimation of the composition.
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After comparing the CV and RSD of the reaive and absolute equations it is
conduded thet the rddive equaions besed on UCE gave the best fit to the body
compositiond data, dthough their R2-vaue was remarkably lower.

Ureainfuson

In Teble IV.1.7 data on PUN (mmol/l) and US (I and % of EBW) (n = 16) a&
dfferat times pot meen infuson time ae liged Mean PUN increesad from 3.73
mmoll before infuson towards 803 mmoll 12 minutes after the meen infuson time
and agan 12 minutes later it had decressed to 7.31 mmoal/l. The corresponding US
varied from 57.2 % b 68.3 % of the EBW a 12 and 24 minutes pos meen infuson time
repectively. Large vaiaions were found in the absolute urea space (1), which was
expected snce the LW of the daughtered animds is vay divergaet. The large vaiaions
in % US ae more difficult to explan. At 12 minutes pot meen infuson time, urea
space varied between 44.3 and 74.4 % of the empty body. At T18 and T24, the range
was 520 to 775 % and 55.0 to 839 % respectivdy, with the range & T18 being the
gmdled.

Table IV.1.7: Mean, D and range for PUN at TO, T12, T18 and T24 and urea space
(US | and %) at T12, T18 and T24' (n= 16)

Mean SD Range

PUN (mmol/l)

TO 373 1.05 2.13-598

T12 8.03 131 6.08 - 10.71

T18 755 119 579-1011

T24 731 117 5.56-9.82
us()

T12 267.6 531 159.8- 356.5

T18 301.2 56.1 200.0- 364.8

T24 320.0 58.0 218.2- 3939
US (% of EBW)

T12 57.2 8.7 143- 744

T18 64.2 7.7 52.0- 775

T24 68.3 7.7 55.0- 839

0, T12, T18 and T24: before infusion, 12, 18 and 24 minutes after mean infuson time
respectivey

In Table 1V.1.8 the equations predicting the weight of the EB components from
US a three different times are liged. These rdations are based on 16 obsavaions. Kg
EBWa and kg EBP were rather wel edimated by US24; the determination coefficients
were high (adjR2 = 0.89 and 0.91 respectivdly). Unfortunatdly, the RSD and CV vdues
were dso raher large Edimaion of kg EBF wes less successful, but the best results
were obtained when blood was sampled a 18 minutes post meen infusontime,

The high adjR-vdues in Table IV.1.8 are manly due to the large vaiaion in
EBW and the surprisngly amdl varidion in body composgtion. Therefore, body
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composition was expressed in percentages and the rdations between the rdaive body
compogtion and US were studied (Table 1V.1.9). In comparison with Table 1V.1.8, the
adjR2-vaues were remarkebly lower. Especidly the corrdation between % EBP and US
was vey wesk, because protein was the most dable component. But, due to the very
little compogtiona variation in this type of hulls the RSD and CV vdues of the same
eguations were very amdl, which indicated that the equations predicted the rdaive
body compostion quite well. It is remarkable that the optimd sampling time is different
for the prediction of the absolute and the rdaive compostion. Kg EBWa and kg EBP
were best predicted after 24 minutes, whereas % EBWa and % EBP were best predicted
ater 18 and 12 minutes respectivdly. Kg EBF and % EBF were both best corrdaed
with US18.

After comparing the RSD and CV of the rddive and absolute equations, it was
concluded that the rdaive equations based on US gave the best edimaion of EBWa
and EBP. A smdler improvement wasfound in predicting EBF.

Table 1V.1.8: Absolute empty body composition estimated from USL2, USL8 and us4’
() (n=16)

Prediction equation adR? RSD CV(%)
EBWa  =-031+ (L24x USL) 058 545 16.7
(%) = -7753+ (136 x USL8) 081 372 11.4
= -107.36 + (1.37 x US24) 0.89 286 8.8
EBP = -16.49 + (0.43x USL2) 0.65 16.2 17.0
(%) = -40.28 + (0.46 X USL8) 0.86 103 10.8
= -47.38+ (0.45x US24) 091 85 8.9
EBF =-30.26+ (0.23x USL2) 052 115 36.9
ko) = -43.75+ (0.25x USL8) 0.70 91 29.2
= -42.33+(0.23 x US24) 0.63 10.1 324

TUSI2, USI8 and US24 = ureaspace a 12, 18 and 24 minutes after meen infusion time

Table 1V.1.9: Relative empty body composition estimated from USL2, USI8 and US24"
() (n=16)

Prediction equation iR RSD CV(%)
EBWa  =76.2- (0.026x USL2) 0.48 138 20
(%) =77.1- (0026 x US18) 054 1.30 19
=763 - (0.022x US24) 0.40 1.48 21
EBP =182+ (0.0072x USL2) 0.32 052 26
(%) = 18.2 + (0.0064 x USL8) 027 054 27
= 18.2 + (0.0059 x US24) 024 055 27
EBF =0.67 + (0.021 x USL2) 031 158 251
(%) = 051+ (0.023 x USL8) 041 145 23.0
= -0,08 + (0.020 x US24) 033 155 24.6

TUSI2, US18 and US24 = ureaspace a 12, 18 and 24 minutes after mean infusion time
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Fasted liveweight

From the reaults of the homogenisations (Table 1V.1.3), the body compostion
semed to vay only dightly and, more importart, linearly within the LW range of this
sudy. As such fLW could explain a mgor pat of the variation in body compostion that
we found. Therefore, the use of fLW to estimate body composition was eval uated.

Table IV.110 shows the equations predicting EB compostion from fLW,
when the dependent variable is expressed in kg or in %. Vey high corrdations were
found between the compostion of the EB and the fLW when both dements were
expressed in kg, with for water and protein an adjRzvdue of 0.99 and a RSD (CV) of
9.3 kg (29 %) and 2.7 kg (2.8 %) regpectively. The fa content was less well corrdated
with fLW: adjR2=0.75 and RSD (CV) of 8.3 kg (26.6 %).

The vay high adjRzvadues ae manly due to the high variaion in EBW ad
the surprisngly smdl variaion in body composdtion. Therefore, body compostion wes
expresed in percentages and the relations between the rdaive body compastion and
fLW were dudied (lower haf of Table 1V.1.10). In comparison with the upper hdf of
the table, the adjRzvdues were remarkably lower. Especidly the corrddion between %
EBP and fLW was very wesk, because protein was the most stable component. But, due
to the vey little compostiond vaiaion in this type of bulls the RSD and CV vdues of
the same eguations were so smdl tha the equations provided a good esimetion of the
composition.

After comparing the RSD and CV of the rdaive and absolute eguations, the
relaive eguations gave the best fit to EBWa, EBF, LBM and EBEN, while both type of
equations were comparably accurate in predicting EBP and EBA.

The resllts of the depwise multiple liner regresson andyses are liged in
Table IV.1.11. For these andyses nat only the UCE, US and fLW were used, but dso
the concentration parameters of credtinine in the blood and urine Edimaion of kg and
% EBWa EBP and EBA and kg LBM did not improve dgnificantly by combining
difforent paametes For esch of these components the equaion resulting from the
multiple regression andyses was the same as the best equation from Table IV.16 to
IV.110 predicing thet component. Surprisngly, urinary cregtinine concentration  was
most accurete to predict % EBF, % LBM and MJkg EBW. It dso improved the
etimation of MJEBEN from fLW and the esimation of kg EBF from US18.
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Table 1V.1.10: Empty body composition (kg and %), empty body energy (EBENn; MJ and MJ/kg) and LBM (kg and %) estimated from
fLW (kg) (n= 17)

Unit Prediction equation aR2__RSD___CV (%)
Kg EBWa =5.80 + (0.632 (z 0.017) x [LW) 0.9 93 29
EBP = -9.07+ (0.206 (+ 0.005) x fLW) 0.99 27 238
EBF  =-2268+(0.106 (+ 0.015) x fLW) 0.75 83 26.6
EBA  =-4.11+ (0.043 (+ 0.003) x fLW) 094 15 85
LBM = -160+ (0.874 (+ 0.017) x fLW) 0.99 9.4 21
MJ EBEn = -951+(8.86 (+ 0.59) X fLW) 0.93 317 8.9
%of EBW  EBWa =74.24- (0.0096 (+ 0.003) x fLW) 0.44 1.41 20
EBP  =1898+ (0.0022 (+ 0.001) x fLW) 0.18 057 28
EBF =193+ (0.0086 (+ 0.003) X fLW) 0.36 147 233
EBA =301+ (0.0013 (+ 0.001) x fLW) 0.22 031 84
LBM  =98.07 - (0.0086 (+ 0.003) x fLW) 0.36 1.47 16

MJKgEBW EBEn  =5754+(0.0032 (+ 0.001) X fLW) 0.36 0.54 7.3




Table IV.1.11: Empty body composition (kg and %), empty body energy (EBEn; MJ and
MJ/kg) and LBM (kg and %) estimated from fLW (kg), US12, US18 and US24 (1), UCE
(g/d) and urinary and blood creatinine concentration (ucc and bec; mmol/l)

Prediction equation aRz RSD CV (%)
kgEBWa =580+ (0.632x fLW) 099 93 29
kg EBP = -9,07 + (0.206 X fLW) 099 27 28
kgEBF  =-31.98+(1.028x ucc) + (0.113x USLS) 088 58 187
kg EBA =-4.11+ (0.043x fLW) 094 15 85
kgLBM  =-160+ (0.874x fLW) 099 94 21
MJEBEn  =-914.3+ (663 x fLW) + (37.6 X ucc) 096 242 69
%EBWa  =77.1- (0.0257 x USI8) 054 130 19
% EBP =18.2+ (0.0072 x US12) 032 052 26
% EBF =201 +(0.1482 x ucc) 060 120 190
% EBA =3.01 + (0.0013 X fLW) 022 031 84
%LBM  =980- (0.1482 X ucc) 060 120 1.3
MJkg EBW =581+ (0.0541 X ucc) 058 045 6.1

IV.1.5 Discussion

Compostional data

The very low fa conteit and the smdl increese of that fa content with
increesng LW were the most remarkable condusions concerning the compodtion of the
BB dm bulls. Dueto the very low fat contertt, the LBM was proportionately very large.

The remarkably low chemicd fat percentages in the CC (31 — 7.4 %) and in
the EB (35 — 9.7 %) (Table 1V.1.3) are in accordance with the low amounts of faty
tissue and intramuscular fat found by severd authors in the BB dm bulls (Chepter 11.1.).
Ledger et al. (1973) found chemicd fa contents in the carcasses of Boran and Hereford
X Boran gears, with a daughter weight between 137 and 448 kg, ranging from 6.3 to
400 %. Veazco et al. (1997) found with Holstein deers fat percentages in the carcass
varying from 2.6 % at 100 kg towards 24.6 % at 465 kg body weight.

Fgures IV.11 and IV.12 illusrate the changes in the absolute and rdaive
empty body compostion with increesing fLW as found with the 17 BB dm hulls The
water content decreases with 0.96 percent units for each 100 kg increese in fLW. This is
modly compensated for by a dight but linear increese in fat (0.86 percent units for eech
100 kg fLW increess). The protein content in the empty body only increesss very
dightly (0.22 percent units for each 100 kg fLW increass). Although 17 homogenised
bulls is a redricted sample to represent the totd populaion, some important concdusions
can ke dravn. The BB dm bulls show vey little variaion in the proportions of the body
components, a leest for the consdered weight range (Figure 1V.1.2). Due to the hardly
changed chemicd compostion a increesing daughter weights, one could condude that
BB dm hulls are extremdy late mauring animds. As such the carcassss and the medt of
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these dm animds ae dill vay leen a the conventiond daughter weights (650 — 725

kQ).
The data on the body and carcass compostion of the Begian Blue dm bulls
will be discussed more extensively in Chapter [V.2.

Urinary creatinine excretion

The daly UCE in this experiment varied between 14.3 and 375 g (Table
IV.14). Regresson andyss indicaed that with eech kg increese in fLW the daly
excretion of credinire increased with 54.1 mg (UCE (g/d) = -2.106 + 0.054*fLW; R2 =
0.97). From the reaults of Schroeder (1990) this coefficient was derived to be 20.7 mg
for a live weight range from 300 to 560 kg (UCE= 245 + 0.021*fLW). This large
difference between the dudies could patly be due to the higher protein accretion with
each kg increese in fLW for the dm bulls.
The cedinine coeffidents (Table IV.14) in this sudy (range 440 — 537 mg
cregtininekg fLW) are extremdy high in comparison with results from Lofgreen ad
Garret (1954): 24.3 — 37.3; Schroeder (1990): 24.71 — 29.22 and Dinning et al. (1949):
9.69 — 11.72. Thee three experiments were done with respectivdly Hereford yearling,
crossbred (Smmentd x Angus X Charolais, 300-560 kg) and Hereford deers (2 years
od). The vay low figwes of Diming et al. (1949) ae quite deviant from these of
Lofgreen and Garet (1954), dthough the same breed was used. The very high proten
contentt in the empty body of the BB dm bulls in our expeiment could have caused our
high vaues. From our results a mean excretion of 266 + 0.012 mg credtinine for esch
kg protein in the empty body was cdculaed. From the results of Schroeder (1990),
credinine excretion was cdculated a 300, 390, 480 and 560 kg live weight: 150, 176,
166 and 158 mg/kg protein regpectively. Van Niekerk et al. (1963) found with 65 sheep
of different breeds an avarage exardion of 195 g credtinine for eech kg proten in the
empty body. These figures prove that the high protein contert in the dm bulls causes
only pat of the dfference in the caedinine coeffident. This is in accordance with
Hanst and Michaux (1982 and 1986), who found higher blood credtinine
concentrations in dm than in non-dm bulls and conduded thet the concentration in the
dm typeis higher than would be expected from the average hypertrophy of the musdes

Whereas the high corrddions (Table 1V.15) beween the UCE and the
compodtiond data were expected, those between the urinay and blood credinine
concentration and the compostiond daa ae somewhat surprisng. They indicate that if
collection of wrine over severd days is not possble, a smple blood or urine sample can
do be used to predict the compostion, with a blood sample beng most precise in
estimating EBWa, EBP and LBM, while a urine sampleis better to predict the EBF.
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Although the prediction of kg EBWa, kg EBP and kg LBM from UCE was
ressonably good, it was even beter when edimated from fLW (Table IV.1.10). The
large range in body weight of the animds and the very amdl varidion of the body
compostion, despite that large weight range and the different rations, are the most
important reesons for this condusion. Van Niekerk et al. (1963) made the only study on
UCE in ruminarts in which the precison of edimaing EBP from a weight parameter
(FLW) was mentioned. Both parameters were highly correlated (0.969) but UCE and
EBP were dill somewha better corrdated (0.972). Schroeder (1990) demondrated
(Table 1V.1.12) that the addition of LW to the equation could sgnificantly improve the
precision of prediction of LBM (RSD from 22.2 to 6.63 kg) and EBP (RSD from 5.46 to
187 kg). In our sudy, no dgnificant increese in precison was found by combining fLW
and UCE, in predicting rdtive or absolute body composition.

In contrast to absolute weights of EBP, EBWa and LBM, that of absolute EBF
was, in our sudy, somewha better estimated from UCE then from fLW. Bu, the
improvement was not large enough to judify the extra wok and cods of the
determinations.

Comparison of the Tables 1V.1.6 and 1V.110 indicate that the redive body
compogtion is somewha better predicted based on UCE than on fLW, but the
differences are 0 gndl that both techniques could be consdered equaly precise and
thet the extra work of determining UCE can not be justified. It indicates however that
the technique might be vdudble for a populaion with more vaidion in body
compostion. From the andyss of the CV one can condude thet despite the very high
adjR?-vdues of the absolute predictions the prediction of the rdaive body compostion
is somewhat more precise.

In Table 1V.1.12 the reaults of a few dudies that used UCE to predict body
compostion ae given. The codfficients proposed in this sudy are dways some 25 %
lower then those of other sudies with ruminants are. This is a consequence of the earlier
mentioned higher credtinine concentration in dm catle No equations were found in
literature predicting EBF.

Ureainfuson

The egudions predicting absolute body compodtion from US gave quite
satisfying results for kg EBWa and kg EBP (adjR2 = 0.89 and 091 and CV = 88 ad
89 %, respectivdy). For the fa component however, the results were less successful:
adjR2 = 0.70 and CV = 29.2 %. In compaison with some results from cother authors
(Table 11.3.3) such figures for water and protein are quite normd, while those for fat are
actudly rather good.



TableV.1.12; Equations from literature predicting empty body components (kg) from UCE (g/d)

Authors Based on UCE R2 Based on UCE and LW Rz
Empty body water
Van Niekerk et al. (1963)
65 sheep of different breed =3.62+(15.56 x UCE) 0.94
Empty body protein Empty body protein
Schroeder (1990)
20 Simmental x Angusx Charalais (300 - 560 kg) =13.64 + (4.92x UCE) 081 =1326+(0.81xUCE)+(0.11xLW) 098
L ean body mass L ean body mass
Schroeder (1990)
20 Smmentd x Angusx Charolas (300 - 560 kg) =60.95+(21.82x UCE) 0.84 =59.37+(4.92x UCE) + (0.45x LW) 0.98
Van Niekerk et al. (1963)
65 sheep of different breeds =450+ (21.12x UCE) 0.94
Forbes and Bruining (1976)

21 men and 13women =7.38+(29.08 x UCE) 0.98




The adjR?2 and RSD-vdues in Table 1V.1.10 indicae very dealy that absolute
body compostion can be predicted much better by smply usng fLW then by the reslits
of the urea infuson. The high corrdations found in this sudy beween fLW and kg
EBWa and kg EBP are quite exceptiond. As mentioned before, the large range in body
weaght of the animds usad in this gudy and the vay smdl but linear vaiaion of the
body compostion despite that large weight range are the most important ressons for that
concuson. Also in most other studies, a weight parameter €.g9. LW, fLW, EBW) could
explan more of the variaion than US could, egpecidly when the variaion in body
weight was large and body components were expressed in kg. However, the corrdations
were rady a high as in this study. Veazco et al. (1997) published equations, for
Holgtein steers between 3 and 12 months of age, predicting kg waer and protein in the
carcass from body weight with an R2 = 0.97 and 0.96 respectively. With mixed-breed
steers (210 to 517 kg) Hammond et al. (1988) found a R2-vaue of 0.93 between EBW
and kg EBP, which was dightly better then the 0.90 for the prediction based on US
(Table 11.3.3). The same researchers found for the same parameter with Angus deers
(219 — 517 kg) a R2 = 0.87, which again was somewhat better then if esimated from US
(0.85) (Table 11.3.3). Reid and Robb (1971) mentioned a very high corrdation between
the same parameters; R2 = 0.997. These results were obtained with hefers ranging from
1 day to 14 months (+ 45 to 240 kg).

The eguations predicting reaive (%) body compostion from US and fLW
(Tables 1V.1.9 and 1V.1.10) indicated that the % EBWa, % EBP and % EBF were only
dightly better predicted from US then from fLW. However, the differences are so smdll
that both techniques could be conddered as equdly predise in edimding rddive
compostion and therefore, the extra work for the urea infuson can not be judified. It
indicates however that the technique might be very vdudble for a populaion with more
vaidion in body compogtion. From the andyss of the CV one can condude that
despite the vay high adRe-vdues of the dosolute predictions the predictions of the
reldive body compostion from US and fLW were more precise.

One of the man problems to edimae EBWa in ruminants with urea infuson,
is the diffeentiation of the gut water from the empty body water. According to Batle
and Preston (1986) urea only diffuses very dowly into reticulo-rumind water and the
quantity diffused during the 12 minutes after infuson is of no dgnificant importance
This could explain why e.g. Preston and Kock (1973), who fasted their animds, and eg.
Batle et al. (1987) who did not remove the fead before infuson, both found saisfying
coreldions Batle and Preston (1986) proved that urea concentraion in the urine
increesed very quickly dfter infuson, indicating that urea diffuses in the wine podl.
They conduded that urea determines empty body waer and urine Therefore it
ovaedimaes the EBWa with the volume of urine produced during the dilution time
(Bartle and Preston, 1986).

In contrast with most publications on urea infuson (Kock and Preston, 1979),
we found the highest corrdation between kg EBWa and US & 24 minutes post mean
infuson time (Teble IV.18) ingead of 12 minutes. However, % EBWa was best
esimated from USI8. Presumably, the urea was not entirdy divided over the tota water
compatment & 12 minutes ater meen infuson time This is suggested by the
coefficents of the US in the equations that predict kg EBWa If urea wes divided over
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total body water (and urine in the bladder) one would expect this coefficient to be near 1
(and even somewhat less) and the condant in the eguation to be rather amdl. In our
dudies the coefficient varied between 124 and 1.37 for the eguations in Table 1V.1.8,
wheress in mogt other dtudies, it is dose to and smdler than 1 (Tadle 11.3.3). When
regresson andyss is done with exdudon of the condatt, a coefficent dose to 1 is
definitdly to be found when urea has equilibrated over the totd body water. However,
we found equations without intercept predicting kg EBWa from US12, US18 and US24
with respective coefficients 1.24, 111 and 1.05. The coefficient ater 24 minutes is
cdose to the codfficent proposed by Messner et al. (1980) after 12 minutes, which
aggests that the urea was dmogt divided a thet time. Another indication that urea has
not equilibrated after 12 minutes pot meen infuson time is the difference in decrease
of the PUN concentration between T12-T18 and T18-T24 (Table IV.1.7). If urea had
been equilibrated after 12 minutes, both decreasss should have been comparably large.

Thee resllts suggest that urea diffuses more dowly in BB dm hulls then in
other breeds. One possible reeson might be the lower cxoillay densty of dm animds
0 that the diffuson from blood into the tissues is dower. Stavaux e al. (1994) found
donificantly fewer cllaies per mn? in dm cdves then in nc cdves Ashmore and
Robinson (1969) noted, while doing a biopsy, a visud difference in bleeding between
the same types of animas, with the dm caves bleading lessintense.

This indudes tha this technique might be less quitable for BB dm animds. The
biggest advantage of urea infusion is thet within a short equilibretion time (less thean 12
minutes) urea has diluted over the totd body waer volume and one single blood sample
is then auffident to edimae that volume However, when urea diffuses more dowly in
dm animds, the blood sample should be taken later, and within that extra time, urea dso
diffuses futher into the urine pool and into the reticulo-rumind water. Both factors will
negdively influence the predson of the esimation. From our results we can not certify
whether the urea had diffussd completdy after 24 minutes To do 0, blood samples
should have been teken for a longer period, and regression andyds should indicate thet
from that time, PUN decreasss linearly.

The multiple regresson adyss resllted modly not in a  dgnificant
improvement of the estimation of the body compostion. Prediction of kg and % EBF
(end consquently % LBM and the energy component) could be improved when
predicted from urinary cregtinine concentration ingead of US, UCE or fLW. This was
expected from the corrdation coefficient in Table V.15, tha indicated that EBF was
best corrdated with that concentration. However, this corrdaion is vey difficult to
explan snce credinine is physoogicdly a predictor of the protein component.
Beddes, it is even more surprisng tha the credtinine concentration is more accurate
than the UCE, since crestinine concentration is much eeder influenced than UCE.
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IV.1.6 Conclusion

The compostion of the BB dm bulls hes reveded to be quite dable and to
change only dightly and linearly with increesng LW. From the compodtiond daa it is
obviousthet the BB dm bulls have a quite unique low-fat compostion.

UCE reveded to be quite accurate in predicting absolute and rdative EBWa,
EBP and LBM, but it is less successful in esimating EBF. The edimation of the rdaive
body compostion from UCE is dways somewha more precise then the edimation of
the absolute compostion. From the comparison of these reaults with other dudies, it can
be conduded that the dm bulls have an extreme high credtinine concentration, which
can not entirdy be explained by ther increased protein contert.

Jug like UCE, urea infuson was quite accurate in predicting absolute and
rdlaive EBWa, EBP and LBM, but somewha less successful in esimaing EBF. The
edimation of the rddive body conpogtion from US is dways somewha more precise,
than the estimation of the absolute compostion. In contrast with most other dudies urea
seemed not to have equilibrated a8 12 min pog meen infuson time This could be a
consquence of the lower capillay densty of BB dm hulls To confirm this further
reseerch has to be done Due to the longer dilution time in dm animds blood samples
should be taken over a longer intervd post infuson, to determine & which time urea hes
equilibrated.

Both techniques were postively evduated. UCE was dearly more accurae to
etimate absolute empty body compostion, but fLW obvioudy excds both techniques
in predicting EBWa, EBP and LBM. Although UCE is the best predictor for EBF, the
difference with fLW isto samdl to justify the work of the UCE determination.

But, due to the large LW range and the smdl variaion in body compostion, no
importart  differences were found concerning the accuracy of the prediction of reaive
body compostion usng UCE, US or fLW. The indgnificant extra precison from usng
UCE or urea infuson in comparison with fLW was not large enough to judtify the extra
work of the infuson or the urine callection. Therefore, fLW was mogst useful to edimate
the body composition.

Urea infuson and UCE might be useful in populaions with more vaidion in
composition and a sndler live weight range For the purpose of this study, cdculaing
protein and energy accretion, the fFLW will be usad.
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IV.2 Analysisand discussion of the compositional data

1V.2.1 Abstract

Compodtiond daa of 17 Bdgian Blue doublemusded bulls with an empty
body weight between 276 and 669 kg ae discussed. Body compostion only changed
dightly and linearly within the invedigated weight range Water, proten, fa and ash in
the empty body varied between 65.8 and 72.0 %, 189 and 21.2 %, 3.5 and 9.7 % and
30 and 4.1 % regpectivdy. The chemicd fa contert in the empty body was remarkably
low. The protein and fat accretion per kg growth varied from 197 to 211 g and from 73
to 130 g respectivdy between 350 and 700 kg live weght. Energy accretion varied from
757 to 9.68 MJ for the same weight range. The percentage of accreted energy as protein
adways remaned higher than 50 % of the totd accreted energy, which is much higher
than generdly reported in literature. From our dataset, cdoric vaues for protein and fa
were derived by regresson: 2291 + 090 MJkg and 38.74 + 153 MJKg respectively.
Carcass protein contained on average (in %) 88 Asp, 156 Glu, 53 Pro, 7.7 Gly, 6.6
Ala 75 Leu, 74 Lys and 65 Arg, while the protein in the non-carcass parts contained
(in %) 8.0 Asp, 12.7 Gly, 88 Pro, 15.1 Gly, 80 Ala, 6.6 Ley, 56 Lys and 7.2 Arg. The
protein compostion was found to be rather congant for the conddered live weight

range.

1V.2.2 Introduction

In the generd introduction of Chapter 1V, three sets of data were mentioned.
The fird st contained the results of the 151 UCE deerminations and 147 urea
infusons. The second s, which is a pat of the fird s, were the results of the 18 UCE
determinations and urea infusions on the homogenised bulls prior to daughter. The third
st condds of the compostiond data of these 18 daughtered bulls In Chepter 1V.1, the
scond and third datasst were combined in regresson andyses to evaduae both
egimation techniques (UCE and urea infuson) and to withhold the mog accurate one
The results indicated that prediction of relaive body compostion was more accurate
then asolute body composition. Moreover, both in vivo etimation techniques could not
consderably improve the estimation of reative body compostion from fLW. Therefore,
the most direct and a the same time mod precise technique to gather data on the
changes of the body compostion over a catan weight range is usng the eguaions of
the lower hdf of Table 1V.1.10. As such, datasst 1 will not be used, since it was only
intended to be usad if US or UCE would have been dgnificantly more accurate in
estimating body compostion than fLW.

1V.2.3 Material and methods

The compostiond daa of the 17 BB dm hulls originage from the trids
evduding the in vivo etimaion technigues UCE and urea infuson. Experimentd
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desgn, daughtering procedure and chemicd andyses have been desribed in detal by
De Campeneere et al. (1999 or 2000c; Chapter 1V.1).

Apat from the 17 bulls 3 newborn BB dm cdves (2 femde and 1 mde
between 45 and 61 kg LW), originding from the suckler cow hed of the Department,
were dso homogenised. These caves died just before or during the fird hours after
birth. They were homogenised without separating CC from NCP. Further andyss was
comparablewith that of the bulls.

All datidticd cdculaions were peaformed usng SPSS 80 (1998). Cdoric
vaues were cdculaed usng regresson andyss with energy content (MJ) as dependent
varidble and kg protein and kg fat asindependent variables.

1V.2.4 Results and discussion

Body compostional data

The homogenised bulls were fed differing rations Therefore, the influence of
the tretment on the body compostion was dudied. Covariance andyss exduded ay
influence of the treatments on the compodtiond data This is in agreement with the
realts of the padld feading trid (Chepter 111.2), in which exactly the same four
treatments were applied on 4 groups of 26 animds The different trestments had no
influence on carcass compostion (estimated from rib-cut  dissection). As such, al
compositiond data could be pooled for andysis

In Table 1V.1.2 and Table 1V.1.3, daa on the weight and the compostion of
the NCP, the CC and the EB, as well as on LBM and on fasted LW (fLW) of the 17
homogenisad hulls are liged. Thee resllts showed veay low fa contents in the dm
animas egpecidly when the large range in EBW is taken into account. The
compastiond resultsweregiveninIV.14.

Ealier reaults of Clinquat e al. (1994), Fems et al. (1995¢) and severd others
indicated that the proportion of faty tissue in BB dm bulls is very low. Fems et al.
(1995¢) found 11.3 % fdty tissue in the carcass of BB dm bulls and 21.7 % for BB bulls
with normd conformetion fed the same raion. Ther LW egudled 695 and 651 kg
respectivedy. Clinquart et al. (1994) found for the same parameter 11.6 % for BB dm
bulls (mean LW: 524 Ig) and 24.2 % for non-dm bulls (mean LW: 524 kg) of the BB
bread. In the same trid, Holgein bulls were involved and their carcasses contained on
average 252 % faty tissue (mean LW: 530 kg). In comparison, Ledger et al. (1973)
found faty tissue contents in the carcasses of a mixed population of Boran and Hereford
X Boran gears, with a daughter weight between 137 and 448 kg, ranging from 6.3 to
40.0 %. Karnuah et al. (1996) mentioned faity tissue proportions in the carcass varying
from 13 to 37.8 % for Japanese Black x Holstein steers.

With regard to fat content, Waldo et al. (1990) reported a lower percentage (8.1
%) than our maximum vdue (9.7 %; see Table 1V.1.3). However, LW was lower than
300 kg in his experiment, compared with more then 600 kg in our expeiment. Protein
content was dways higher in dm bulls (minimum 189 %) than reported in the literature
Both Garett and Hinman (1969) and Andrew et al. (1994) cited the highest protein
content (16.8 %). Protein percentages in the EB of more than 20 % were only reported
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for Limousn bulls (Robdin and Geay, 1978), but fa percentages less than 5 % were
never reported.

Robdin et al. (1979) compared results of different experiments and cdculated
the lipid weght in the body a two different LBM: 250 and 400 kg. For Angus or
Hereford stears, lipid weight equaled 68 and 224 kg respectivdy, for Black & White
bulls 34 and 112 kg and for Limousin bulls 23 and 48 kg, respectively. From our resuits
we cdculaed that corregponding lipid weight would be 132 and 229 kg respectivey.
In the same study, Robdin et al. (1979) found chemicd fat contents of 9.1 and 139 %
in the EB of Limousin bulls & 9 (+ 300 kg) and 19 months (£ 700 kg) respectively,
while water decreased from 66.5 towards 61.8 % respectively. From our results (Table
IV.1.10) we cdculated a fat and water content of 4.5 and 71.4 % a 300 kg LW and 7.8
and 67.6 % a 700 kg LW.

Although the aiove comparison of our reslts with literature is very difficult
snce animas were not fed the same raion, the vary low fa contents of the BB dm bulls
ae remarkable, egpecidly since the animads in this sudy were fed intensvdy (65 %
concentrates on DM basg). EB composition was largdy different from mogt reports in
the literature These fird compodtiond data on BB dm hulls obvioudy confirm the
dragic reduction in fa contet in BB dm bulls even when compaed to Limousns
which ae known to be lae mauring animds (Robdin and Daenicke 1980) and
therefore leen besf producers. Beddes the gendic predispostion for a high leen
percentage, there is ancther reason why the fat contents of our results are far lower than
in some other dudies The very high fa conterts in the Angus and Hereford deers are
patly due to cadraion. Augudini and Branscheid (1995) compared German Heckvieh
bulls and geers at different LW. Tissue fat in the carcass varied from 6.9 % a 200 kg to
14.8 % a 650 kg for bulls and for dears from 82 to 23.7 % respectivdy. In Begium,
the mde BB dm animds are traditiondly fatened as bulls, which are known to have a
makedly higher raio of leantto-fat than do cedtratled mdes (Hays and Preston, 1994).
Ancther possible resson for a lower fat contet a8 a comparable live weight, could be a
difference in maturity. Owens et al. (1993) indicated that in genad, animds have
gmilar fa % a smilar proportion of thar mature weights. Hays and Preson (1994)
cdculaed that a 68 %, 78 % and 88 % of mature weight, the carcasses of deers will
contain 22 %, 26 % and 30 % fat, respectively. However, snce mature weight of the BB
dm bulls is naot different from that of Limousn bulls (Sambraus, 1989), this can not
explain the differences found. Therefore, whereas Limousin bulls are consdered to be
late maturing, BB bulls are indesd more likdy to be extreme lae mauring bulls (De
Campeneere et al., 1999b).

Caloric values

From the reaults of the energy determindions on the one hand and the protein
and fa deermingions on the other hand, cdoric vdues for proten and fa were
caculaed usng regresson andyses For the totd empty body, energy content of one kg
protein and one kg fat was 2291 + 0.9 and 38.74 + 153 MJ. The corresponding vaues
for the carcass and the non-carcass parts were 23.46 + 1.25 and 38.57 + 3.04 MJkg, ad
2284 + 089 and 3754 + 0.85 MJkg respectively. These vaues are in accordance with
vaues reported in literature based on 6 references (Teble 1V.2.1), mean cdoric vaue



for protein and fat were found: 23.02 and 3894 MJkg respectively. Schulz et al. (1974)
used 23.85 (5.7 kcd/g) and 39.75 MJkg (95 kea/g) for protein and fa respectively, in
their cdculaions (see laer in Table 1V.24). They indicaed however tha they were not
certain about the absolute vaue of these two figures.

TablelV.2.1: Caloric value (MJ/kg) of protein and fat in the empty body

Type of animds Protein Fat

Our results BB dm hulls 2291+090 38.74+153
Literature

Andrew et al. (1994) Holstein cows 23.30 3849
Ferdl et al. (1976) Hereford heifers 2349 39.62
Garrett and Hinman (1969) Hereford steers 23.18 39.27
Pdadineset al. (1963) Sheep 2251 3947
Robdin and Geay (1976) Bulls (various breeds) 2293 39.20
Weldo et al. (1990) Holsen seers 2271 3761
Mean of 6 references 23.02+0.37 3894076

Protein composition

In Table IV.22, daa of the proten compostion of the CC, the NCP and the
EB of the 17 homogenised bulls are liged. The data of the amino acid compostion of
the protein of the NCP and the CC, and consequently the EB, indicate that there is vary
litle vaiaion beween animds in protedn compogtion. Although proten  compaostion
of the CC and of the NCP were quite comparable, the proportion of each amino acid in
the CC protein is dways dgnificatly different from the proportion in the NCP protein,
exoept for pheyldanine For five amino adds (methioning proling, dlycdne isoleucine
and hididine) a difference of more than 50 % was found between their proportion in the
proten of CC and NCP. Glycine content in the protein of the NCP was 95 % higher
than in the CC protein. That was the highest difference found. The proline content was
mogt variable within the protein of the total EB (CV = 13 %).

In generd, amino acid compostion of the proteén was vary condant over the
conddered weight range (data not shown). For the carcess, only the proportion of
tyrosne in the protein was dgnificantly (r = -0.68; P < 0.01) corrdlated with EBW. It
should be reminded tha tyrosine recovery was not 100 % and therefore figures on
tyrosne concentrations are less rdidble For the proteéin compostion of the NCP, three
amino acids, glycine (r = 0.78, P < 0.001), danine (r = 057, P < 0.05) and tyrosne (r =
-0.66, P < 0.01) were dgnificantly corrdaed with EBW. As EB protein compaostion
was cdculated from carcass and non-carcass protein compostion, the amino acid
proportions in the EB were dways intemedite between those of the two
compatments. However, the proportions in the EB dways tended more towards the
proportions found in the CC, as the CC is the predominant pat of the EB. The
proportion of glycdne and phenyldanine in the EB were dgnificantly corrdated with
EBW: r =0.61 (P < 0.05) and -0.72 (P< 0.01) respectively.
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The daa on the protein compostion of the 17 bulls (Table 1V.2.2) have shown
vay litle influence of the LW within the conddered LW range To enlage tha range,
results were added from the andyses of three newborn BB dm cdves, with a mean LW
of 52 kg (De Campeneere et al., unpublished data). The results of those andyses are
shown in Table IV.23. When corrdation coeffidents are recaculated, now with the 20
observations, the proportions of 6 amino acids are dgnificantly (P < 0.05) afected by
EBW: cydeine aspatic acid, methioning isoleucing higidine and lysng with only the
firg having a P-vdue < 0.01. This indicates tha only smdl changes occur in the amino
acid composition of an anima during its development and growth.

In literature, vary few daa are avalable on protein compostion in ruminants
Williams (1978) andysed 8 preuminant cdves dter totd homogenision for the
compostion of their protein. Gerrits et al. (1998) andysed Holdein Friesan x Dutch
Friesan cdves a 83 and 162 kg. Ther results are liged in Table 1V.2.3 and are quite
comparable with the results of the three BB dm caves ligted in the same table This
indictes thet for ruminants proten compogtion is probebly raher congat and
universd. This is in agreemett with Simon (1989) who conduded tha whole-body
amino acid composition is comparable across Species.

Influence of fLW on body compostion

The equdions in the upper pat of the Table IV.110 demondrate tha an
increese of the fLW with 1 kg, corregponds with an accretion of on average 632 gwater,
206 g protein, 106 g fa and 43 g ash. These data ae mean vaues for the totd live
weight range of this study, presuming thet the tissue accreted a 350 kg has the same
compostion as that accreted @ 700 kg. However, from the bottom part of the same
teble we can cdcuae the acoretions of the different components for different live
weight intervds of 50 kg For eech LW intervd, the corresponding fLW and EBW
inteval was cdculaed. Then, the body compostion a the beginning and the end of the
intevd can be cdculaed and by divison of the difference between both data, meen
accretion of the different components over the intervd can be cdculated. This was done
for each LW intervd of 50 kg between 325 and 725 kg. The results of the acoretions are
shown in Table 1V.24. Protein accretion incresses from 197 g to 211 g per kg LW
increese and fa increasss from 73 g to 130 g per kg for the same range. The ash content
of the accreted tissue increased with increesing LW from 38 to 46 gkg growth. Gross
energy content dso increesed, mainly due to the increese in fa accoretion. The totd
accretion, as the sum of the four components, never equas 1000 as the components are
pat of the empty body, while the growth isexpressed in kg LW.
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Table IV.22: Means, standard deviations (D) and ranges for the protein composition (%) of the carcass, the non-carcass parts and
the empty body of 17 BB dmbulls

Cys Ap Met Thr Ser Gu Pro Gy Ala vd Iso Leu Tyr' Pre His Lys Arg

Right carcass hdlf
Mean 108* 884 233* 408 371° 1557 525° 7.71% 6.61° 479° 423 753 408 384 355 7.37 645"
SD 013 029 013 023 040 072 057 039 023 019 014 025 016 012 015 04 022
Min 094 841 214 336 222 1415 444 710 620 452 399 708 383 364 335 608 59
Max 133 936 270 433 401 1681 675 831 696 508 446 789 445 400 383 803 6.89

Non-carcass parts

Mean 123" 801" 134" 345 4.42° 1268 883" 1506° 8.03° 455° 257° 663 278" 378 226" 55 7.22°
sD 016 044 011 022 024 074 212 143 038 032 019 045 029 021 016 031 036
Min 083 732 116 311 406 1129 280 1335 7.43 404 221 58 218 348 200 508 655
Max 147 872 151 393 479 1379 1248 1875 889 523 280 749 335 426 263 618 7.87
Empty body
Mean 112 863 208 392 389 1483 616 959 697 472 381 730 375 38 322 692 664
sD 011 030 012 021 032 069 081 058 021 018 015 027 019 013 013 038 022
Min 095 811 188 329 277 1337 457 88l 654 444 356 690 350 363 304 58l 616
Max 133 906 238 421 419 1600 826 1070 731 505 404 779 418 405 347 741 715

3 meansin the same column with equa superscripts are not significantly different (P < 0.05)
' Tyrosine recovery was only 65 %; the vaues corrected to 100 % are ligted.



Table IV.2.3: Means, standard deviations (SD) and ranges for the protein composition (%) of the body of 3 new born BB dm calves
and some data from literature

Cys Asp Met Thr Ser Glu Pro Gy Ala vd Iso Leu Tyr Phe His Lys Arg
Bdgian Blue double-muscdled caves n= 3 (52 kg)

Mean 144 791 175 377 422 1359 679 1023 692 452 325 699 341" 373 280 59 626
SD 007 02 021 012 010 045 050 09 027 010 007 014 011 012 003 007 011
Min 139 764 157 366 410 1307 623 915 661 446 316 683 328 363 277 591 6.14
Max 152 814 198 390 429 1390 719 1095 711 464 330 710 348 38 283 606 6.33

Gerrits et al. (1998) (Holstein Friesan x Dutch Friesian caves 84 kg, n=8)
Mean 13 87 21 41 45 139 72 99 70 50 38 72 31 40 31 71 74

Gerritset al. (1998) (Holstein Friesian x Dutch Friesian caves 162 kg; n = 10)
Mean 12 86 19 41 44 139 73 102 71 49 38 71 30 39 32 71 75

Williams (1978) (preruminant Friesan caves n=8)
Mean 13 81 17 40 44 129 81 113 71 39 28 69 25 36 25 64 70
T Tyrosine recovery was only 65 %; the val ues were corrected to 100 %




In the same table results of Limousin bulls (Robdin et al., 1979) and German
Friesan bulls (Schulz et al., 1974) are lised. These iesults indicate that the BB dm hulls
acorete on average some 3 to 4 % more protein per kg gain than the Limousn bulls. On
the other hand an important increese in fa acoreion was found in Limousns in
compaison with the BB dm hulls. The Fiesan bulls (Schulz et al., 1974) accrete less
protein per kg growth, especidly a higher LW. For a comparable weight range fa
accretion in BB dm hulls is extremdy low in comparison with the results of the Friesan
bulls The difference between the breeds incresses with increesing LW. At 500 kg, the
cdaulaed fat content in one kg growth was 98 g fa for the BB dm hulls 181 g for the
Limousns and 504 g for the German Friesans

Table 1V.2.4: Accretion in g/kg growth or MJkg growth of the different body
componerts of the BB dm bulls for different LW intervals in comparison with other data
and % of the accreted energy as protein and fat

LW inteva Water  Protein Fat Ash  Enegy % of energy

accretion
Okg  (Okd (kg (gkg (MIkg) & S
protein fa
BB dm bulls
325-375kg 654 197 73 38 757 64.8 35.2
375-425kg 645 199 82 39 7.87 62.4 376
425—-475kg 636 201 90 40 817 60.4 39.6
475—-525kg 627 203 98 1 847 58.6 414
525-575kg 618 205 106 43 8.77 56.9 431
575—-625kg 609 207 114 24 9.07 55.4 44.6
625—-675kg 600 209 122 45 9.38 53.9 46.1
675—725kg 590 211 130 46 9.68 52.6 474
Robdin et al. (1979) (Limousin bulls)
304 -440kg 632 191 104 - 8.49 52.0 480
440543 kg 563 205 181 - 11.63 39.7 60.3
543 - 646 kg 437 194 244 - 1431 31.8 68.2

Cdculated from Schulz et al. (1974) (German Friesian bulls)
152 - 267 kg 551 160 73 b 6.72 56.8 43.2
267 -370kg 480 173 193 43 11.80 35.0 65.0
370-480kg 488 158 281 43 14.94 25.2 74.8
480576 kg 318 120 504 25 22.90 125 87.5

When compaing both mest types (Limousin and Bedgian Blue), the lower fa
content and the somewha lower proten content within each kg growth implicate a
andler net energy requirement for tissue acoretion in BB dm bulls then in Limousin
bulls This is shown in Table 1V.24 in which the energy accreted for each kg growth is
liged for the different breeds and weight intevds. For BB dm hulls this energy
retention varies from 7.57 to 968 MJ per kg growth, while for Limousns it veries from
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849 towads 14.31 MJ. In the same table percentage of the totd energy accretion,
acoreted as protein or fa are given for the different breeds and intervds. From thee
figures it is vary obvious that throughout the whole LW range more then 50 % of the
accreted energy is acoreted s protein in BB dm bulls For Limousns this figure
decreasad towards 31.8 % and for German Friesans towards 125 % a higher live
weights

Owens e al. (199%) indicated tha energeticdly, the efidency of fat accretion
is approximatdy 17 times that of proten. But because more water is stored with
deposted protein then with deposted fat, leen tissue gan is four times as dfident as
accretion of faty tissue This means that BB bulls do not only produce more meat & the
same daughter weght, but the energy cost to accrete each kg weght during growth is
dso much lower. This is in agreement with Greenhdgh (1986) who concduded thet the
most effective way of producing leen meat without excessive fa is to use intadt maes
of lae mauring breeds and to daughter them while ill immature The BB dm hbulls
are therefore quite appropriate and efficient for beef production.

IV.2.5 Conclusion

The compostion of the BB dm bulls hes reveded to be quite dable and to
dange only dightly and linearly with increesing live weaght. From the compostiond
data it is obvious thet the BB breed has a quite unique low-fa contet. This is nat only
interesing because the energy-input for acaretion to reech a compardble daughter
weght is much andle, but dso because a lager pat of the enegy retaned in the
animad can be consumed as leen. From the results of the homogenisations, data on the
compostion of the accreted tissue for the different LW intervds were cdaulaed to be
usd laer on for deemining energy and proteén sandards The protein and fat
accretion per kg growth varied from 197 to 211 g and from 73 to 130 g respectivey
between 350 and 700 kg. Energy accretion varied from 7.57 to 9.68 MJ for the same

weight range

1V.2.6 Additional calculations: N-excretion

The realts of the feading trids as described in Chapter I, induded data on
crude protein intake The compodtiond data of this chapter indicated that the body
compostion (and thus N-accretion) of BB dm buls is good predicteble from their LW.
As auch, N-exadion can be cdculaed for the different treatments (n = 10) of both
feeding trids, from a compaison between the N-intske and the N-acoreion. It should
be dressed tha predicting the N-accretion from fLW resdts in identicd N-accretions
for the different treatments per kg fLW gan. As fLW was only known a the end of the
trid, fLW a the beginning of the three peiods was edimaed as follows At the dart of
the trid, faging weght loss was supposed to be 2 % for dl the groups Fading weight
loss a the dat of the second an third period was cdculated by interpolation between
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the initid fading weight loss (2 %) and the fading weight loss a daughter (Table
1.1.6 and I11.2.7).

The reaults of the cdculaions of the N-excretion for the two feeding trids are
given in Table IV.25 en IV.26. Daly N-excretion varied from 124 to 214 g. When the
excretion is expressed in g per kg LW gan, the vaues vary from 95 to 152 g N. This
lage vaiaion confirms thet a good feading drategy can strongly reduce N-excretion.
N-excretion per kg meat accretion is 15 % lower for the HE-groups of the firg trid
compared to the LE-groups (209 g vs. 241 g). This proves tha feeding high energy
levels decreases N-excretion, espedidly if high protein levels are fed.

The lowest N-excretion is found for the groups with the LP levd, but ther
performances were less good. However, even when N-excretion was expressed per kg
gain or per kg mesat accretion, the HELP group excreted lesst.

Table 1V.2.5: N-excretion calculated for the first feeding trial (Chapter 111.1)

Energy level LE HE

Protein Levd LP MP HP LP MP HP
Total N-intake (kg)

Day 0-84 140 178 198 132 154 180
Day 85 - 168 167 211 232 152 181 20,2
Day 169 - ed 120 148 162 109 131 147
Totd period 427 537 592 393 466 529
Total N-accretion (kg)

Day 0-84 39 44 4.4 37 4,2 4,6
Day 85 - 168 39 4,0 39 40 39 4,0
Day 169 - ed 21 2,2 2,0 22 2,2 22
Totd period 100 106 103 99 104 108
Total N-excretion (kg)

Day0-84 101 134 153 95 112 134
Day 85 - 168 128 171 193 112 141 16,2
Day 169 - ed 99 127 142 87 108 125
Totd period 328 432 489 294 362 421
Dally N-excretion (g) 143 189 214 129 159 185
Annua N-excretion (kg) 522 691 782 470 579 674
gN-exaretionvkg LW gain 105 130 152 % 112 125
gN-excretion/kg mest accretion 198 243 282 181 211 235

The figures in Table IV.26 dealy indicate that N-excretion can indeed be
decreasad by adjuding the protein and energy to the needs of the animds The both
groups being fed a decreasng proten leved excrete on average 200 g N per kg meat
produced or 53 kg N per yeer, which is dealy less than the two groups of the firg trid
bang fed a high protein levd duing the totd peiod: 258 g ad 73 kg regpectively.
From data of INRA (1978) and Geay et al. (1987) for Chardlais bulls between 300 and
620 kg, ganing 125 kg daly and beng fed according to the recommendations (CP
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content of the DM: 136 %), a daly N-excretion of 146 g could be caculaied being 117
g N pe kg LW gain. These figures are quite comparable with our figures of the DP and
DPIE groups of the second feading trid (Table 1V.2.6). However, Minet et al. (1996)
found from N bdance dudies higher N-retentions for BB dm bulls (33 % of the N-
intake) then for BB nc and Holgen bulls (27 and 23 % respectivdy). In that sudy the
three types were fed the same ration which might have caused an excess of protein for
the Holstein and the BB nc bulls The Holsteins excreted indeed 30 g more N per day in
their urine

From these resllts can be suggested thet if the BB dm hull is fed according to
its enagy and protein needs the N-excretion will probably be comparable with most
other bullsfed according to their own energy and protein needs.

Table 1V.2.6: N-excretion calculated for the second feeding trial (Chapter 111.2)

Trestments

NC DP IE DPIE
Total N-intake (kg)
Day0- 84 111 12,6 13,2 132
Day 85 - 168 138 151 16,6 16,0
Day 169 - ed 170 16,9 211 15,2
Totd period 420 44,6 50,9 445
Total N-accretion (kg)
Day 0- 84 34 34 33 33
Day 85 - 168 34 33 35 35
Day 169 - ed 3,6 35 35 34
Totd period 104 10,2 10,3 10,3
Total N-excretion (kg)
Day 0- 84 7,8 91 99 99
Day 85 - 168 104 118 13,2 125
Day 169 - ed 135 135 17,6 118
Totd period 316 A4 40,6 34,2
Dally N-excretion (g) 124 147 162 145
Annud N-excretion (kg) 451 535 59,3 52,9
gN-excretionkg LW gain 99 108 127 107
gN-excretion/kg mest accretion 186 197 229 202
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V.1 General introduction

In the firgt pat of this sudy, the feeding trids (Chepter 111.1 and 111.2), the
influences of diffeet energy and protein  treatments were evduated on the
peformances of the BB dm bulls An important influence was found of the proten
content on the growth rate, while the energy levd influenced the fead efidency. Very
high proten nesds were found during the firg pat of the fatening period, but our
results dso indicated that protein inteke can decrease condgderably during the rest of the
fattening. Increasng the energy leved did not improve growth rate, but feed converson
and cacass qudity were optimised. Veay few differences were found between the
different trestments on the carcass and meet qudlity.

In the second pat (Chepter IV.1) the best in vivo edimdion technique was
determined to estimate body compostion. Somewha surprising, fLW was found to be
the mogt usful technique to predict rdaive body compostion. Equaions were
determined to predict empty body chemicd compostion from fLW. From these
equations, the acoretions of the different body components were deduced a  different
live waghts (Chapter 1V.2).

In this find chepter, combining the rexlts of the feeding trids and the
compostiond data should result in the determingtion of energy and proten Sandards
(Figure V.2.2).

V.2 Determination of the standards

V.2.1 Abstract

Enegy and proten standards were deived for Bedgian Blue double-muscled
buls bassd on the resits of two fesding trids and a trid invalving sarid daughtering.
The reslts of the said daughteing experiment dlowed us to cdculate chemica
composition and energy contet of the empty body, as wel as proten and energy
accretion & vaious live weights between 350 and 650 kg. Efficiency of protein
depostion was derived from the feeding experiments based on magind proten levds
It decressed from 053 to 044 with increesng live weight. Proten dandards were
cdculated based on the protein reguirements for maintenance and for protein depostion
ad its dficdency. The proten dandards for double-musded bulls were higher then
those reported in the literature for laie maturing beef breeds Standards for energy were
d deived from the same daabase Net energy for maintenance was estimated, from
the reaults of these animds thet received an optimd proten levd, by subtracting the net
energy retaned from the net erergy inteke. Energy standards were then determined by
ammeion of the energy requirements for mantenance and the energy requirements for
acodion a differet live waghts and different growth rates They dso were higher
then those reported in the literature for late mauring beef breeds, partly because the
enargy for maintenance was surprisngly high.
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V.2.2 Introduction

Robdin and Daenicke (1980) divided bedf catle into four caegories vey
ealy-mauring animas (Angus Hereford), early-meuring animals (Friesan type), lae-
mauwing animds (Chadas Limousn) and dud-purpose breed animds (intermediate
between early- and late mawing, Sders, Smmentd). They conduded that energy and
protein requirements might be different among breeds because of a different depostion
of proten and adipose tissue Double-musded (dm) animds have a differet body and
cacass compodtion then animds with a normd  conformetion, espedidly within  the
Bdgian Blue (BB) breed, where the doublemusding phenomenon is extremdy
pronounced (Boccard and Dumont, 1974; Ansay and Hansgt, 1979; Fems & al.,
1995h). Therefore, BB dm bulls can not be conddered as one of the four types of beef
catle mentioned by Robdin and Daenicke (1980). Ménisser (1982) daed that dm
animds have spedfic nutritiond requirements that are probably different from those of
normd animds Boucgué e al. (1984) and Fiems et al. (19959 have shown the need
for extra proten in the diet of BB dm finishing bulls in compaison with animds with a
normd conformetion (Levy et al., 1980; Anderson et al., 1988). Fiems et al. (1990) and
Dufrasne et al. (1995) emphasised the need for a high energy content in the diet for dm
bulls However, no protein or energy standards are avaldble up to now for these
exdreme lae-mauwing animds This dudy ams to detemine spedific energy and
protein sandards for BB dm bulls during the finishing period (350 - 650 kg).

V.2.3 Material and methods

The dataset

During five consecutive years a totd of 333 BB dm hulls, were involved in two
feading trids, in order to detemine the influence of different energy and proten levds
on the peformances. Each raion conssted of concentrates and maze slage (65/35 on
DM bess) ad dl animds were corfined in sraw-bedded loose houses Overdl meen
live weight (LW) equdled 372 kg a the beginning and 688 kg a the end of the trids
Fiems et al. (1998) and De Campeneere et al. (19998) described both expeiments in
detal (see Chapters 1111 and 111.2). In both expeiments, the animas of each treatment
(in totd: 10 trestments) were divided over different pens, with in each pen a leest 3 ad
a mogt 8 animas.

Apat from thee feeding trids the chemicd compodtion and energy contert
of 17 BB dm hulls were determined at different LW's ranging from 309 to 723 kg.
Trestment, daughtering procedure and the chemicd andyses have been desribed in
detal by De Campenecre et al. (1999c and 2000b) (see dso Chapter 1V.1). The results
indicated thet the evolution of the empty body (EB) compostion, EB weight gan and
the amount of protein and energy accreted with eech kg increese of body weight could
be esimated quite accurately based on the fLW.
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Figure V.2.I: The determination of the energy and protein standards. an overview




To detemine energy and protein sendards, the results of the feeding trids
were caculated for ech pen per intervd of a lesst two weeks (a totd of 459
obsavations). For each obsavation, LW a the beginning and a the end, daly live
weight gain, daly intske of net energy for fatening (NEF, van Es 1978) and daly
DVEc-intake was known. From the LW, meen body compostion of the animas of each
pen a the beginning and a the end of each obsarvaion, could be etimaed usng the
prediction equations. Based on the body compostion a the dat and the end of each
observation, accretion of the different components (water, protein, fat, ash and energy)
could be cdculaed. As such, proten and energy intake and accretion was known for
each observation.

In Fgure V.21 a schemdic oveview illudraes the deemindion of the
protein and energy dandards The prediction equations (Table 1V.1.10), derived from
the compostiond data, are used twice Once, to deermine the accretion of the 459
observations in the datast originating from the feeding trids (Figure V.21 arow b),
and once, to determine the amount of protein and energy accreted for each kg growth
(FigureV.2.1: arow g; see Table1V.2.4).

Derivation of the protein gandards

Protein dandards, expressed in DVEc, were obtaned usng the following
modd: summation of the requirement for mantenance (DVEcGm) and the requirement
for accretion (DVEC-a). The second term being the amount of protein accretion divided
by the effidency of protein accretion (k).

DVEc-gandard (g/day) = DVEc-m + DVEC-a
or
DVEc-standard = DVEG-m + protein accretion/ks @)

For each obsavdion of the daass, maintenance requirement and protein
accretion could be calculaed. Protein requirements for maintenance (DVEC-m; g/day)
were cdculated usng the formulae of NRC (1984) for endogenous urinary and scurf
protein loss, as assumed in the DVE/OEB-system (Tamminga et al., 1994), and using
the mean LW of the observation (Figure V.2.1 arrow a):

DVE-m=[(275x LW*°+ 0.2 x LW"9/0.67]. )

Dally protein accretions for dl the observaions (meen of dl the animds of tha
pen, varying from 3 to 8) were cdculated based on ther LW and the prediction
equations previoudy reported in Chapter 1V.2 (Figure V.21 arow b). Subsequently, Ko,
was derived only for these obsarvations of the dateset, with animas fed a protein leve,
above which a higher DVEC content did not result in a sgnificat increese of the growth
rae (adequate minimum protein leve; Geay et al., 1987). For these obsarvations (n =
136) with no shortage nor a surplus of proten, DVEGintake gpproaches the DVEC
sandard. So, the efficency of proten depostion in growing animas could be estimated
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based on equation (1), from the daly protein inteke, the daly protein accretion and the
maintenance requirements (Figure V.2 arow ¢). This efficdency was determined for
eech of the 136 obsavaions and a mean vdue for eech weght intervd of 50 kg was
then cdculated.

Protein standards were findly caculated according to formula (1) with DVEc-
m estimated from formula (2) (Figure V.21 arow d), protein accretion esimaed from
the homogenisations taking the LW and the daily gan into account (Figure V.21 arow
€) and kg d%0 in function of the LW (Figure V.21 arrow f). For esch weight interval of
50 kg, between 350 and 650 kg, and for different growth rates within each LW intervd,
protein standards were determined and expressed as daily intake of g DVEC.

Derivation of the energy sandards

The energy sandards were cdculated in a smilar factorid way. This involves
a patition of the totd NEF requirements into requirements for maintenance and growth
(Rohr, 1978):

NEF-standard (MJday) = NEF-m + NEF-a (3)

with NEF-m = net enagy for mantenance and NEF-a = ne energy for
accretion.

The energy inteke was known for each obsarvation, and the energy accretion
could be cdculated from the reaults of the homogenisstions (Chepter 1V.2). Energy in
the empty body was edimated from the fLW usng the following equation (Figure V.2.1
arow q):

MJIkg EBW = 5.754 + 0.0032 * fLW

adjR?=0.36 RSD =0.54 MJ

From this equation a meen energy accretion per kg empty body weight (EBW)
was cdculated for each weight intervd of 50 kg Notwithdanding that the Re-vdue is
rather low, the RSD is acogptably low, meaning thet the estimation is quiite precise.

Energy for mantenance (NEFm) was edimaied based on the same 136
observations with animds fed the optimad proten levd. For each of these obsavations
energy inteke (NEF-i) approaches NEFgdandard and therefore NEF-m could be
cdculaed from the difference between NEF-i and NEF-a using the modd (Figure V.2.:
arrow h):

NEF-i = NEF-m + NEF-a

A regresson eguaion was then cdculaed to predicc NEF-m from LW, in order
to estimate the NEF-m for eech LW interva of 50 kg.

Energy sandards were findly cadculated according to formula (3) with NEF-m

estimated from the datast (Figure V.21 arow i) and NEF-a edimaed from the
compositiond data (Figure V.21 arow j). For each weght inteva of 50 kg, between
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30 and 650 kg, and for differet growth rates within eech LW intevad, energy
standards were determined and expressed as dally intake of MJNEF.

V.2.4 Results and discussion

Results of thetrialsused for the dataset

Hems et al. (1998) and De Campeneere et al. (19993 described the results of
the feeding trids (see Chapter 111.1 and 111.2). Both reports confirmed that dm finishing
buls have higher protein requirements than nondm ones These reports dso indicated
that peformance and cacass qudity could be optimised by decreesing the protein
contertt in the diet with increesng LW, and by providing a high energy levd in the find
dage of the finishing peiod. For more deails on the results of both trids see Chapter
l.1and 111.2.

The homogenisations indicated that body compodtion of BB dm bulls only
vaies dightly and linearly within the consdered LW range and tha body compostion
can be edimated quite accurady based on fLW. Means, sandard deviations (SD) and
ranges for the chemicd compostion and energy content of the 17 homogenised hulls
are given in Table IV.1.3. For more detls on the in vivo estimation techniques and the
compositiona data see Chapter 1V.1 and Chapter V.2 respectively.

The protein gandards

Daly proten requirements for mantenance were cdoulaed according  to
equation (2) and varied from 868 g DVEC to 1192 g DVEc a 350 and 650 kg
repectivdy. This is much lower then if cdculated from the ARC-system (AFRC, 1992;
23 gLW"™) or from the French system (Geay et al., 1987; 3.25 g/LW*™). But both
sydems condder the endogenous protein losses in digesion (DVMFE) as a pat of the
maintenance reguirements, while in the DVE/OEB-system thee losses are considered
asapart of thefeading vdue

Apat from the proten requirements for mantenance, the protein accretion and
its efficdency were to be cdculaed. The figures for proten accretion were derived in
Chapter 1V.2, and vary from 197 g protein per kg growth & 350 kg to 209 g protein at
650 kg (Table 1V.24). These data have been discussed and compared to other data in
Chapter IV.2.

Frdly the effidency of protein acoretion (k) wes caculaed, only with those
groups (n = 136) tha were fed the optima protein levd, based on the proten for
maintenance, the proten accretion and the proten intske. The effidency decressed with
increesing LW, from 0.53 a 350 kg to 0.44 a 650 kg (Table V.2.1).

Gegy e al. (1987) showed that the efficiency of protein accretion was different
among breeds (Table V.21), with a higher efficency in the Chadas then in the
Friesan bread, and thet the efficiency decressed with incressing body weight. van Vliet
e a. (1994 do usd diffeeet effidendes for differet types of catle ealy,
intermediate and late maturing bulls (Table V.2.2).
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Table V.2.1: Efficiency of digestible protein in the intestine used for protein deposition

Livewsight (kg) 100 150 200 250 300 350 400 450 500 550 600 650 700
This study

BegianBluedm 053 051 049 048 047 045 044
van Vg et al. (1994)

Ealy meturing 068 067 065 063 05 05 051 045 039 032 028

Intermediate 069 068 067 064 062 059 05 050 045 039 031 02

Laematuring 070 069 068 067 065 062 060 057 054 050 046 041 036
Geay et al. (1987)

Friesan 068 053 0.28

Chardas 0.64 048




The Corndl Net Carbohydrate and Protein System (Fox et al.; 1992) uses
codfficents for efficency of 0.75 for LW's smdler than 181 kg, 050 from 181 to 363
kg and 041 above 363 kg. In comparison with Geay et al. (1987) and Fox et al. (1992),
the efidency daived from our expaiment was less vaiddle, with a rdativey lower
vaue a a bwer LW and a higher vaue a a higher LW. According to AFRC (1992) the
effidency equas 059 and is independent of the LW. It is not dear why the efficiency a
the lower LW swas lower in our experiment compared to other authors.

In generd, a better efficiency was expected, basad on the fact that dm animds
ae chaacterised by a higher percentage of white myofibres (Bajoens et al., 1991),
which are wdl-known to have a lower protein turrover than red ones (Galick e al.,
1989) and based on the smdler proportion of the intesines in dm bulls Therfore, the
edimation of the proten reguirements for mantenance according to the DVE/OEB
sysem might not be totdly correct for the BB dm hbulls But on the other hand, if DVE-
mwould be lower than according to NRC (1984), k,, would even be lower.

The protein sandards for different LW's and LW-gains could be cdculated
from the protein reguirement for mantenance, the protein depodtion and the effidency
of protein depostion (Table V.2.2). As our standards were based on a limited datasd,
dandards were only derived for these combinaions of LW and daly gan which were
present in the datasst. In Table V.2.3 the protein standards are expressed in DVEC per
kg DM, cdculated for an average DM inteke for each live weght intervd of 50 kg. It
should be sressed that de DVEC standards have been corrected for a negative OEB.
Therefore, a negative OEB is acoeptable, as long as the proposed DVEC dandards are
resched.

Becaue of a rdaivdy low proten effidency & a lower LW and a higher
protein depostion & a higher LW, a higher protein inteke is reguired for BB dm
animds in comparison with other breeds. Protein sandards (DVEC) for dm bulls are not
adways higher than the standards of the smilar AAT/PBV ysem (Madsen et al., 1995).
However, snce the AAT/PBV sysem condders the faecd N losses as a pat of the
maintenance requirements and not as a chaacteridic of the rdion, the AAT-vdues
should be decreased by the DVMFE. Besides, within the AAT/PBV gdem a negdive
PBV ([T OEB) is tderaed, in contras with the sandards derived in this study. When the
AAT dgandards are corrected for both remarks they are dways lower than the standards
for BB dm bulls In Table V.24 a comparison is made between different sgandards for a
low and a high growth levd. The sandards for BB dm bulls are much higher than the
dandards of CVB (ven Vgt et al., 1994). Espedidly a higher growth raes the
difference can reach 30 %, which is a corsequence of the lower k, found in our results
and the higher protein accretion. The higher proten needs are in accordance with the
resllts of the feading trids (Fems et al., 1998 and De Campeneere et al. 19993),
Boucqué et al. (1984) and Fiems et al. (19959 who ealier indicated that BB dm bulls
have highe protein requirements than non-dm bulls Comparison with the results of
INRA (1988) is very difficult, because the difference in cdculaion of the PDI and DVE
concerning the DVMFE. For eech LW intervd, meen daly DVMFE was caculated
from the characteridics of therationsfed in our feeding trids and the daily DM-intake.
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Table V.2.2: Net energy (MJ NEF/day) and protein standards (g DVEc/day) for Belgian Blue doublemuscled bulls at different
growth rates

Daly gan (g)

1000 1100 1200 1300 1400 1500 1600 1700 1800

Q O Q Q Q O Q Q Q
w < fF <@ S @ S & S @ S @S @ S @ S o
(kg) o n o m o n o m o n o n o n o m o n
350 645 529 680 537 720 545
400 640 578 680 586 715 593 755 601 795 609
450 630 619 6/5 627 715 635 755 643 795 651 835 66.0
500 610 652 655 66.1 695 669 740 678 780 686 825 695
550 545 670 590 679 635 687 680 696 720 705 765 714 810 723
600 575 698 620 707 665 716 715 725 760 734

650 595 719 645 728 690 737 740 747




Table V.2.3: Net energy (MJ NEF/kg DM) and protein standards (g DVEc/kg DM) for Belgian Blue doublemuscled bulls for an
average mean daily DM intake at different growth rates

Daly gain(g)
1000 1100 1200 1300 1400 1500 1600 1700 1800
Lw Daly o o o o ) ) o o o
z z z z z z z z z
(k9) DM r<r| m r<r| m r<r| m r<r| m I_f_l m I_f_l m ; m ; m ; m
intake m o o o mom moT moT moT moT M
350 6.9 93 77 99 78 104 79
400 77 83 75 89 76 93 77 9B 78 104 79
450 8.3 7% 74 81 75 86 77 91 77 78 101 79
500 8.8 69 74 74 75 79 76 8 77 8 78 9B 79
550 9.2 5 73 64 74 69 75 74 76 78 77 83 78 88 79
600 94 61 74 66 75 71 76 76 77 81 78
650 95 63 76 68 77 73 77 78 79




Table V.2.4: Comparison of protein standards (g DVEc/day) for Belgian Blue double-muscled bulls (BB dm) and standards of other
systems for two different growth levels

Low growth leve High growth levd

Growth BBdm CVB INRA INRA" ARC Growth BBdm CVB INRA INRA" ARC
LW (kgday) gDVEc gDVE g¢gPDI gDVE g MP* (kgday) gDVEc gDVE g¢gPDI gDVE g MP
350 kg - - - - - - 16 680 535 695 592 -
400 kg 14 640 510 690 576 550 16 715 555 735 621 -
450 kg 14 675 530 730 606 - 16 755 580 775 651 -
500 kg 12 610 560 725 593 541 16 780 605 820 688 -
550 kg 1.0 545 480 720 583 - 14 720 585 825 688 -
600 kg 10 575 510 775 635 535 14 760 615 875 735 620
650 kg 10 595 540 835 694 - 12 690 595 885 744 -

"PDI corrected for DVMFE (endogenous protein losses in digestion)
*MP = metabolisable protein



The corrected PDI values (INRA' in Table V.24) can be compared to the DVE values
From that comparison one can conclude that for lower LW's the standards of INRA are
lower, but for higher LW and low growth levd, they are higher. The dandads of the
ARC have twice been increased with 10 %, the firg time for working with bulls and the
second time to have figures for a late maturing breed. The figures then have about the
same magnitude as the ones of CVB, but they should also be corrected for DVMFE.
Therefore, it is obvious that the standards obtained in this sudy are very deviat from
the ones of ARC.

Theenergy standards

For eech observation, the accreted energy could be esimated from the LW a
the begimning and the end of the obsarvation. Subsegquently, since the VEVI sydem is a
NEn system, NEF-m could be cdculaed by subtracting the NEF-a from the NEF-i for
these observations with animas fed the optima protein levd. This wes done for each
ohsarvaion. NEF-m (MJ per day) was best estimated using the following equation:

NEF-m=-135+0.205 * LW - 0.000135 * LW?
R?=0.85 RSD =3.60

To compare our edimaie of NEF-m with others, it was expressed as kJkg
LW°™: a meen vadue of 507 kdkg LW®"™ was found (R2 = Q70; RSD = 3.97). In Figure
V.2.1, the caculated NEF-m vdues ae plotted as a function of LW®™. Tha vaue is
only based on the 136 observaions beng fed the optimd protein levd. When the vdue
was caculaed for dl observations a comparable vaue of 504 kdkg LW®”™ was found.
Vay litle vaiaion was found when NEF-m was separady cdeulaed for eech of the
10 trestments of both feeding trials; NEF-m varied between 485 and 521 kJkg LW®™.

Sevad fadtors may be a the origin of the high mantenance requirements as
determined here. At fird, the trids were not designed for determining the maintenance
requirements and therefore the estimation should be interpreted with some precaution.
For the traditiond delermination of maintenance requiremerts, animds are restrained in
metabalic cages. In our study, the animds were dl loose-housed in groups and were fed
ad libitum. Theefore, cods for locomotion and eding must be higher and these
requirements are pat of maintenance in our sudy. The NEF-m is as such not only a
meesure for the mantenance requirements but dso for edting and ruminging and
digesion and even for locomotion. Beddes, Vemord et al. (1994) found that the
average cost of standing was 25 % higher in dm then in nc caves.

Secondy, the high feeding intensty and the high rae of gan will have
influenced the NEF-m. Maintenance requirements were commonly derived from sudies
where animds are fed dose to maintenance levd or even fagted, but in our trids growth
rate was very high and this might have influenced our results Frisch and Vercoe (1977)
noted that steers fed ad libitum hed proportiondly a 20 % higher fagting heet production
than steers redtricted to 80 % of ad libitum. Ferrd et al. (1986) even found a difference
of 40 % in festing heat production between sheep fed a high and a low plane of nutrition
prior to the messuremetts Recently, ssverd authors found very high esimates of the
MEn for mantenance with high productive animds Yan et al. (1997), Dawson and
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Steen (1998) and Kirkland and Gordon %1999) determined with confined animas, MEn
for maintenance to ber 670 kikg LW with lactating cows, 614 kJkg LW*" with
beef catle and 610 kJkg LW®™ with lactating cows respectively. Yan et al. (1997)
conduded thet part of the extreme high vaue obtained in their sudy was due to the type
of diet (ad libitum grass slage-based diets).

Ilaintenance energy
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Figure V.1.1: Calculated energy for maintenance (MJ/day) in function of metabolic
liveweight (LW°™): 507 kd/kg LWP™ (Re=0.70)
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Table V.2.5: Comparison of energy standards (MJ/day) for Belgian Blue double-muscled bulls (BB dm) and of other systems for two
different growth levels

Low growth leve High growth levd
Growth BB dm CcvB INRA Growth BB dm CcvB INRA
Liveweght kg/day MIJNEF  MJINEF  MJNEF' kg/day MJINEF MJINEF  MJNEF
350 kg - - - - 16 53.7 50.1 495
400 kg 14 57.8 50.1 495 16 59.3 54.2 54.1
450 kg 14 62.7 539 53.3 16 64.3 50.1 57.9
500 kg 12 65.2 58.0 53.3 16 68.6 625 62.4
550 kg 10 67.0 52.8 535 14 705 62.2 61.7
600 kg 10 69.8 56.3 56.4 14 734 66.3 66.3
650 kg 10 719 60.1 60.2 12 73.7 65.6 65.4

"INRA (1983



All thee vdues lagdy excd that proposed by the Agriculturd and Food
Research Coundil (AFRC, 1990) being 480 kJ MEn/kg LW®™. Yan et al. (1997) argued
that the messurements of AFRC were done with dears in faging state and prior to
messurement they were offered digts & mantenance levels, while in his and the other
recent studies, catle were fed ad libitum. Ferrel et al. (1986) and Birkelo et al. (1991)
dreedy indicated that the plane of nutrition before determination of the reguirements
influences energy requirements for maintenance.

The vaue we found aso largdly excds the vaue of 368 kJ NEnkg LW®™ (502
kJ MEnkg LW®™) proposed by ven Viiet et al. (1994) in the VEVIsysem. These
results are of the same magnitude as those of AFRC (1990) and originate from feeding
trids described by Gesy et al. (1987), who indicated that the vaue of 368 kJ shodd be
increesed with 15 % for animds with low fa contets & high live weights This is
cetanly the cae for the BB dm hulls Therefore, our 507 kJ should be compared
(provided comparison is possble) with 423 kJ ingead of 368 kJ, the firgt ill being
much smdler than our edimation. The surplus of 15 % extra mantenance requirements
is a compensdtion for the higher energy cogt for protein turnover, since the musde mass
of these animds is much larger (van Es 1980; Russd and Wright, 1983). Unfortunately,
no further detals could be found concerning the feeding and production leve, the
housng and other experimentd conditions during determination of NENn maintenance.
Therefore, no explicit reason can be given for the difference with our estimates.

Hanst et al. (1987) determined MEn for mantenance for BB dm hulls
(between 273 and 471 kg LW) to be 548 kJkg LW®™, while for BB nc bulls (between
288 and 483 kg LW) it was 594 k¥kg LW’ ™. Bath groups were fed a concentrate ration
with graw in the rack, and the growth rate of both groups was close to 1.28 kg/day.
Ther vadues d0 excdled the vaues proposed by AFRC (1990) and van Viig et al.
(1994). The authors dressad however that the estimations were very rough. As such
draw inteke from the rack was not recorded. The difference between our vdue and the
vdue of Hansgt et al. (1987) might be caused by the energy inteke from the dtraw, the
postive influence of roughage on the maintenance requirements (Yen et al., 1997) and
the higher growth ratein our trids.

van Es (1980) concluded that the grestest doubt on the precison of the NEF-m
concans the young rapidly growing animd, like the object of this study. It hes a high
rate of N -turnover and is physicdly rather active.

Condusvely, our resllts lagdy surpassed the figures propossd by AFRC
(1990) and van Vliet et al. (1994). Our esimaion of NEF-m overesimates the drict
maintenance requirements. Furthermore,  recent dudies indicated tha  high productive
animds might have srongly increesed mantenance  requirements.  Unfortunatdy, a
concludve answer, whether the NEF-m is overedimaed or not, canot be given from
the results of this studly.

However, the fact that the animds were fed ad libitum and thet the high energy
levels pogtivey influenced fead efidency and some parameters of carcass qudity, may
indicate that dm animds need high energy intake for optima peformances Therefore
in the cdculaion of the energy requirements, the high NEF-m vaues were maintained.
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Besdes, for the determination of the standards we were not redly interested
in the mantenance requirements for fested animds or animds a mantenance leve
(maintenance requirements in narow sensg), and dthough the edimaion of NEF-m
made in this sudy can probably not be compared with edimations of NEF-m a
mantenance levels, it can be used for determining the dandards since the standards
apply to the Stuation in which the measurements have been made.

Energy standards, expressed in NEF (MJday) were cdculated as the sum of
NEF-m and NEF-a for the difforent LW intervds and different gronth rates The
sandards are listed in Table V.22, In Table V.2.3 the standards are expressed in NEF
pe kg DM, cdculaed for an average DM intake for each live weight intervad of 50 kg.
From this table it is dear tha energy content can reman practicadly unchanged during
the totd fattening period. Since protein concentration can decreese with increesing LW,
the energy/protein ratio incresses.

Many due to the high enegy requirements for mantenance, our energy
standards (Table V.2.2) are higher than those reported by INRA (1988) and van Vit et
al. (1994) for non-double-muscled beef breeds (Table V.2.5).

V.25 Conclusion

Enegy and protein standards were deived for Begian Blue double-muscled
bulls for live weight intervas of 50 kg between 350 and 650 kg, besed on the results of
two feading trids and compodtiond data from an expeiment involving said
daughtering. The standards were expressed in MJ NEF and g DVEC inteke per day and
in MJNEF and g DVEc per kg DM for an average DM intake.

Daly protein sandards ae vay high a low live weghts but the proten
feading can be decressed condderably with increesing live weght. When famers
would feed their catle according to the proposed protein dandards, a sSgnificant
decrease can be expected in the N-excretion of the bedf catle populaion, snce famers
nowaday's tend to feed an excess of protein.

Although the enargy requiremats for mantenence found in this study were
aurprisngly high, the dandards besed on these mantenance reguirements do not seem
to exed the dally enagy inteke of the animds of the feading trids This indicates that
dm bulls have very high energy reguirementts for optimd peformences. Therefore we
bdieve tha the energy dandards proposad are judtified, dthough the cdculated energy
for mantenance requirements ae  surprisngly  high. The rdaivdy high energy
gandards will have a podtive influence on the feed efficdency and on some carcass
characterigics, as was found in the feeding trids Especidly the postive influence of
the high energy levds on the proten dfidency is of dgnificant importance for the
reduction of the N-excretion.
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Concluding remarksof thestudy and future
resear ch

The reslts of two feading trids indicated tha adeguate proten and energy
feading is primordid for effident beef production. High protein levds are necessay for
optima growth raes and good cacass qudity. High energy levds do not improve
gowth rae, but increese feed efficdency. From the two feeding trids a generd feeding
scheme could be derived to optimise animd performance and carcass and meet qudlity.

From the trid with serid daughtering, the fird data on chemicd compostion
of BB dm hulls were determined. As expected, the bulls are characterised by a very low
fat content, even a higher live weights The sndl changes in body compostion tha we
found were very wdl explaned by a lineer regresson with fLW &as the independent
vaidde

By combining the realts of the feading trids and the compostiond daa,
protein and energy sandards were deived for fatening Bdgian Blue dm bulls between
350 and 650 kg. High daily proten intakes are very important for optima performances
a lowe live weghts but the protein intske can be decressed with incressing live
weight. Feading high enegy levds throughout the totd fatening period optimises
peformances and carcass qudity. The combinaion of a reduced protein feeding with
increesing live weight and improved protein efficdency, due to high energy feeding, can
sgnificantly reduce the N-excretion from the beef cattle population.

The dandards derived in this study have been deived with bulls tha were
inendvey fed from 350 kg LW on. The use of these sandards is limited to BB dm
bullsfinished in comparable conditions

Some quedions reman unansvered and future research focusing on thee
problems is needed to fine-tune the sandards Especidly, efforts should be made to
determine the energy and protein reguirements for maintenance.

Snce proten requirements for maintenance could not be deived precisdy
from the results of this study, the formulae as proposed by the NRC (1984) were used.
However, the dragtic amatomic and physologic changes sugget tha dso the
maintenance requirements for protein might be somewhat deviant for the BB dm bulll.

The energy requirements that were derived from the results of our trids were
aurprigngly high. The adud resson for the high mantenance reguirements should be
found. Do dm huls redly have very high energy maintenance requirements when
fattened intensvdy? To answer this and other questions sepaae trids should be
peformed to determine the proteén and energy requirements for mantenance for this
typeof animd.

Almogt as important as both previous research items, would be an independent
evdudion of the enegy and proten dandards Therefore, a feeding trid should be
desgned in which the bulls are fed according to the protein and energy sandards. From
the comparison of the predicted and the recorded performances, condusions should be
drawn and improvements might be suggested.
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Furthermore, research concerning the influence of animd trestment during the
phase preceding the fatening period might be of essentid importance To what extent
can fead regriction in the phese influence the protein and energy requirements during
the fatening peiod? How long should resricted feeding be applied to benfit
maximdly? A compaable problem, is the posshility to keep the animds on an
extensve di¢ up to higher live waghts (eg. 500 kg), and to dat fatening from that
weight on. Can we dill gpply the same proposed standards or should they be adapted,
due to compensztory gain?

From the in vivo edimaion techniques two importat quesions reman
unanswered. On the one hand, the theory thet urea diffuses more dowly in dm bulls due
to a lower capillay dengty should be confirmed. On the other hand, a resson should be
found why the cretinine excretion per kg body protein in dm hulls is higher than in
other breeds.
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Summary

Enegy and proten dandads for Begian Blue doublemusded bulls were
determined besed on the results of two feading trids conducted during three and two
years regpectivdy. A totd of 333 animds were involved, with a mean initid live weght
of approximatdy 365 kg. The mean daughter weight varied between 680 and 700 kg.
Apat from the feaxding trids an expeiment involving said daughtering was carried
out to provide information on the body compostion of the Begian Blue double-
musded bulls a varying live weights.

The firgd trid invetigated the influence of three proten levds within each of
two enagy levds The reallts of the three series dealy indicated that proten leve
sonificatly influenced daily gan. That influence was manly a rewdt of an improved
growth rate during the fird period of the trid. Adequate protein feeding (100 g DVE or
160 g CP per kg DM) is very important during thet period. Later on, when the animds
weigh more then 500 kg, the proten content of the ration can be reduced considerably
(77 g DVE or 125 g CP per kg DM), without negetive effects on performances.

No influence of the energy content of the ration on the growth rate was found.
However, the animas that received a high energy leve (80 MJ NEF per kg DM) had an
improved DM, CP and DVE converson rate as wel as an improved conformation and a
reduced faging weght loss The enegy ad proein levd only had vay smdl influence
on the qudity of the medt.

Based on these reaults, the posshility to adjus proten and energy leves to the
changing nexds of the animd was invedigated in the sscond trid usng phesefeeding.
Totd experimentd period was divided in three phases based on ther LW: 360 - 460 kg,
460 - 570 kg and 570 - 680 kg. Unlike the negaive control (condant low protein leve),
the three other groups received with esch phase, decressng protein (congant energy),
inceedng enargy (condant proten) and decreesng proten  in combingion  with
increesng enagy regectivdy. The resuits confirmed the man condudon of the fird
trid: a high protein leve (100 g DVEC or 160 g CPkg DM) is very important until 460
kg; later on, this levd can be reduced. This trid dso indicated that if proten contet is
decreasad from 460 kg onwards it is advissble to maintain 80 g DVEC or 145 g CP in
the ration until 570 kg, whereas from 570 kg onwards 70 g DVEC or 120 g CPkg DM is
affidet. Vay few differences were found between the groups receiving a decressing
protein levd in combingion with a continuous moderae or an increesng  (low,
moderae, high) enagy levd. Agan, no important influence of the energy levd on the
gonth rate wes found. However, the high energy levd agan improved protein
effidency, manly duwing the firsa peiod. Veay few differences were found between
feading a condant moderate enargy level or increesing the energy from a low to a high
levd, if both schemes are combined with adecreasing protein density.
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Apat from the resdts of the feeding trids daa on the composdtion of the
accreted tisue of BB dm hulls ae indispensdble to determine energy and protein
dandards. Therefore, two techniques to edimae in vivo body compostion were
evduated: urea infuson and urinay cedinine exadion. Therdfore, the body
compostion of four groups of BB dm hbulls (a totd of 46 bulls) was estimaed a four
dffeet live weghts During the expaimeat 18 of those were daughtered and
homogenisad repidly after one of the four agpplications of both esimation techniques.
Based on the reslts of the edimation techniques and the homogenisttions regression
eguations were cdculaed to estimate body compostion. Urea infuson and cretinine
excretion were found to be adegquate predictors of asolute and relaive body protein and
body water. Edimation of body fat wes less accurae However, within the consdered
weight range, fasted live weight was comparably accurate in predicting empty  body
composition.

From the results of the homogenisations, the compostion of the BB dm hbulls
hes reveded to be quite sable and to change only dightly and linearly with incressing
live weight. From the compodtiond data it is obvious that the BB breed has a quite
unigue low-fa compostion. This is not only intereding because the energy-input for
accretion to reech a comparable daughter weight is much andler, but dso because a
larger pat of the energy retained in the animd can be consumed as leen. From the
results of the homogenisations, data on the compostion of the accreted tissue for the
different LW intervds were cdculated to be used laer on for determining energy and
protein sandards. The protein and fat accretion per kg growth varied from 197 to 211 g
and from 73 to 130 g respectivdly between 350 and 700 kg. Energy accretion varied
from 7.57 t0 9.68 MJfor the same weight range.

To detemine enargy and proten sandards the reaults of the two feading trids
were cdculated for each pen and per intervd of a least two weeks (459 obsarvaions).
For eech obsavaion the effidency of protein accretion was cdculaed. Therefore
maintenance requirements were cdculaed according to NRC (1984) and the protein
accretion was edimated from the results of the homogenisttions. Based on thee dda
and on the protein intske the effidency of the protein depostion could be cdculated.
For eech weght intervd of 50 kg, a meen effidency was then deived from these
groups who were fed a proten leve, aove which a higher DVEC content did not result
in a ggnificat increese of the growth (Gesy e al., 1987). The dfidiency of the proten
acoretion for growth varied from 053 a 350 kg to 044 & 650 kg Protein dandards
werefindly caculated asthe totd of maintenance and protein accretion requirements.

The energy sandards were cdculaed in a smilar way. The energy intake was
known for each case, and the enargy accretion could be cdculated from the regression
equations found by homogenisng the bulls For the bulls beng fed an optimd proten
level, the difference between these two parametars is an esimation of the energy for
mantenance. For each weight intervd of 50 kg, a mean enegy for maintenance was
cdculaed, soldy with the cases used to cdculate the protein accretion effidency. The
aum of the energy for mantenance and for energy acoretion is a meesure for the totad
enagy requiremat. Although the net energy requirements for maintenance found in
this sudy were surprisingly high (507 kdkg LWP™), patly due to the high feeding
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intengty, that vadue was used to cdculae the sandards. Moreover, the feeding trids
indicted that dm bulls have very high energy requirements for optimd pefformances
and that high energy feading positivdy influences N-excretion.

For eech weght intevd of 50 kg, energy and protein standards were
determined as explained aove Thee dandards were expressed as daly intake of g
DVEc and MJ NEF and as g DVEC and MJ NEF per kg DM, cdculaied for an average
DM intake for each livewaght intervd of 50 kg.

The dandards derived in this study not only optimise the peformances of the
animals but can ds reduce feeding cods, by avoiding excess protein or energy feading.
The redudtion of protein feeding in combingtion with a high energy levd will be
beneficid for the environment, due to the reduced N -excretion.
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Samenvatting

Eiwit- en energienormen voor Belgisch Wit-blauwedikbilstieren in deafmestfase

Op bass van twee productiproeven werden ewit- en energienormen voor
Bdgisch Wit-blauwe dikbildieren afgdeid. De twee proeven werden repectievdijk in
drie en twee reeksen uitgevoerd, en e waren in totad 333 dieren bij betrokken. De
proeven dartten tekens op een gewicht van ongevear 365 kg en de dieren werden
gedacht op een gemidded eindgewicht tussen 680 en 700 kg. Naest de productieproef
wad en proef  uitgevoerd die gegevens moest  veadrekken over  de
licheemssamengdling ven Bdgisch Wit-blauwe dikbilsieren op  versthillende

licheamsgewichten.

In de easte proef werd het effect van twee energieniveaus, met binnen ek van
beide drie ewitniveaus bestudeerd. Na drie resksen kon éénduidig een bedangrijke
invioed van het ewitgehdte op de dagdijkse groe worden vestgesteld. Het effect op de
groe is volledig te wijten aan een verbeterde groei beneden de 500 kg. Tijdens deze
fese is een voldoende ewitvoorziening (100 g DVE of 160 g RE per kg DS) dan ook
primordiael. Eens de dieren zwaarder zijn dan 500 kg, kan het ewitgehdte in het
rantsoen aanzienlijk verlaagd worden (77 g DVE of 125 g RE per kg DS), zonder een
negdief effect op de predtaties te veroorzaken. In diezdfde gtudie kon geen dgnificante
invioed van het enagieniveau (1060 of 1160 VEVikg DS) op de groapredaties
worden vestgesteld. Wel blesk een hoog energieniveau belangrijk om de voederomzet
uitgedrukt in DS, RE en DVE en enkde bdangrijke karkassigenscheppen, zods
bevieesdhed en uitvasingsverlies gundig te beinvioeden. Vandaar dat ken aanbevolen
worden om een hoog energieniveau te voederen (1160 VEVI per kg DS). De
vaghillende dwit- en enagiecombingies hadden nagenoeg geen invioed op de
viesskwditeit.

In de tweede proef werd, ingpdend op de reslltaten van de earste prodf,
nagegaen of aan de hand ven fasevoedering beter beantwoord kan worden aan de
behoeften van de dikbildieren. De totde proefperiode was opgededd in drie
subperiodes: 360 - 460 kg, 460 - 570 kg and 570 - 680 kg. Naast een negatieve controle
(condat laag @witniveau), kregen de drie groepen met toenemend lichaamsgewicht
repectievdijk minder @wit, meer enagie of minder ewit in combingie met meer
enegie De resltaten bevestigden de bdangrijkde conduse van de eerste proefopzet;
een hoog ewitgehdte (100 g DVEC of 160 g CP) is zeer bdangrijk tot ongeveer 460 kg
nadien is het ongundig om een hoog ewitgehdte te blijven voederen. De resultaten van
deze progf toonden wd aen da, indien het hoogde ewitniveau dechts aangehouden
wordt tot 460 kg, in vergdijking met 500 kg in de eerste proef, het voorddig is om het
a@witgehdte nadien dechts te laten dden tot 80 g DVEc of 145 g RE en tendotte vandf
570 kg verder tot 70 g DVEC of 120 g RE . Bij een ddend ewitgendte bleken e wenig
vaghillen te bedaen tussn en ocontinu midddmatig enagieniveau en een dijgend
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enageniveau (ven laeg, over midddmatig, near hoog). Ook in deze proef werd geen
invioed van het energiegendte op de groeisndheid gevonden.

Naest de twee productieproeven werden ook gedurede twee jaar
baangoroeven uitgevoerd. Met deze proeven werd gezocht near de meest eficiénte
technik om de licheemssamengtdling in vivo te schaten. Infuse met ureum en totde
urindre credinine-excretie waren de twee technieken die vergeeken werden. In de loop
van de proef werden 18 van de 46 bdansstieren gehomogeniseerd kort na toepassng
van de schatingstechnieken. Uit de reslltaten van de homogenisties en van de
schattingstechnieken  konden  regressevergdijkingen opgestdd  worden ter schdting ven
de licheemssamengdling De licheamssamenddling van  Bdgisch  Wit-blauwe
dikbilstieren blesk binnen het onderzochte gewichtdrgect, zjnde 300 tot 700 kg,
dusdenig gdijkmatig te evolueren, dat de licheamssamengtdling het best geschat kan
worden gebaseard op het uitgevast gewicht. De twee onderzochte technieken gaven
bevredigende resultaten, voomamdijk voor de <hdating van de ewit- en de
vochtcomponent, terwijl de predise ven de schating ven de hoevedhed vet duiddijk
lager was.

Om ewit- en energienormen op te ddlen werden de resultaten ven de bede
productieproeven berekend per hok en per periode van minimad twee weken (459
hokwaarnemingen). Voor dk van deze waarnemingen wed de efficiéntie ven de
ewitaanzet berekend. Hietoe wed enerzijds de eawitbehoefte voor onderhoud
berekend volgens NRC (1984) en anderzijds de aanzet aen ewit geschat uitgaende van
de reataen van de homogenisaties Rekening houdend met de @witopname kan dan de
dfidéntie van edwiteazed voor dke hokwaaneming berekend worden. Per
gewichtsklase van 50 kg wed een gemidddde effidéntie van de ewitaanzet berekend,
op basis van die groepen die gevoederd werden op een niveau waarboven een hoger DVE-
gehdte in het rantsoen niet mexr resultearde in een Sgnificante toename van de dagdijkse
goe (Geay et al., 1987). Dieren met een te laag ewitgehdte hebben een verhoogde N-
efidéntie tewijl dieren met een overdadige hoevedhed ewit, het teved aan ewit niet
kunnen benutten en het overschot moeten uitscheiden ten koste van energie De dficiéntie
van de eéwitaanzet voor groe varieerde bij de te beschouwen groepen van 0,53 op 350 kg
tot 0,44 op 650 kg. De totde ewitbehoefte werd vervolgens berekend ds de som van de
behoefte voor onderhoud en de behoeftevoor groei.

Voor de beekening van de enagienormen werd een zdfde dramien gevolgd.
Voor elke waarneming van de database was enerzijds de opname aan energie gekend en
kon anderzijds de energiesanzet berekend worden. Voor deze tweede factor werd
geteund Op de resultaten van de homogenistties. Het verschil van bede factoren is een
schatting van de energiebenoefte voor onderhoud. Per gewichtsklasse van 50 kg werd een
gemidddde onderhoudsbehoefte berekend, enkd op basis van de waarnemingen waarmee
de efficéntie van ewitaanzet werd gescha. De totde energiebehoefte weard vervolgens
berekend ds de som van de behoefte voor onderhoud en de behoefte voor energiesanzet.
Alhoewd de berekende energiebehoefte voor onderhoud verrassend hoog was (507 kJkg
LW®™), deds omdat de stieren zeer intensief gevoederd werden, werd deze waarde toch
gebruikt voor het berekenen van de energienormen. Bovendien hebben de resultaten ven
dit onderzoek aangetoond dat dikbillen hoge energiebehoeften hebben en blijken de
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hoge energieniveaus een gundige invioed te hebben op de N-excretie wat op zijn beurt
gundigisvoor het milieu.

Voor dke gewichisklase van 50 kg weden ddus ewit- en energienormen
beekend voor versthillende grodsndheden. Deze normen  werden  uitgedrukt  in
dagdijkse opname aan g DVEC en MJ (VEVI), evends in concentraties (9 DVEC en MJ
(VEVI) pa kg DS). De energienormen zjn ook onderaen deze pagina weergegeven
uitgedrukt in KVEVI/dag en KVEVI/kg DS.

De voorgetdde normen kunnen nig dleen de predaies ven de dieren
optimdiseren, maar beogen ook een reductie van de productiekosten doordat vermeden
wordt dat overtdlige hoevedheden ewit of energie worden gevoederd. De verlaagde
ewitgifte in de latere fasen van de afmedperiode en de verbeterde eiwitefficiéntie door de
hoge energieverdrekking, hebben tendotte ook een postief effect op het milieu door een
verminderde N -uitstoot.

Energienormen voor BWB dikbilstieren bij verschillende groeisnelheden:
uitgedrukt in KVEVI per dag

LW Dagelijksegroei (kg)

k9 10 11 12 13 14 15 1,6 17 18
350 767 778 7,89

400 837 848 860 871 882
450 896 908 920 932 944 955
500 945 957 969 98 9H 10,06

550 970 983 99 1008 1021 1034 1047
600 10,10 1024 10,37 1050 10,63
650 1041 1054 10,68 1082

uitgedrukt in KVEVI per kg DS opname

LW  kgDS Dagdijkse groai (kg)

(kg) perdg 10 11 12 13 14 15 16 17 18
30 690 111 113 114

400 7,68 1,09 110 112 1313 1,15
450 832 108 100 111 112 113 1,15
500 883 107 108 110 111 113 114

550 919 106 107 108 110 111 113 114

600 941 107 109 110 112 113

650 949 110 111 112 114
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