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OPSOMMING DIE /// VIVO BI,RAMTNG VAN LIC;CAAMSAML,STTILLING VAN BEESTL MET BI]HULP VAN T.R,NIUM- EN

UREUMVT'RDI.JNNING, I.  DU' AKKURAATHEID VAN VOORSPILLINGSVERGELYKINGS VIR DIE HELE

LIGGAAM

Vier Afrikaner, 3 Afrikaner-Frieskruis,4 Bonsmara,5 Charolais en 4l{ereford bulle in die massagebied 101-772k9 is gebruik om die

moontlikhede van die tritium- en ureumverdunningstegniek vir akkurate beraming van liggaamsamestelling te toets. Omtrent 1,1 - 1,4 g
n  ? (

ureum/Wf15 en 30 - 40 pci trit iumAV0'75 i, p", vena iugularis aan elke bul toegedien wa.una bloedmonsters met gereelde tussenposes

<lor die volgende 7 uur bekom is. Vervolgens is die bulle geslag, die regtersy van die karkas is fisies ontleed vir beramings van vleis, vet en

been, terwyl die l inkersy en die nie-karkasdele volledig opgemaal is vir die bepaling van vog, N, eterekstrak, anorganiese materiaal en

verbrandingsenergie.

Die optimum tydstip vir bloedmonstering teneinde led liggaamwog te beraam was l0 + 3,4 min na hfusie vir ureum en 5 * 2,1 min vir

trrtrum, terw yl drt onderskerdelrk 1 3 1 4,6 en 234 * ?3 rnrn was vir die bepaling van totale liggamsvog. Die samestell ing van die eterekstrak-

wye, led l iggaam en die eterkstrakvrye,  vopryel iggaam wasonderskeidel ik  12,2 + 2,22% vog,22,5 t  2,05%protei?n en 5$0 !  0,48%

anorganiese materiaal en 80,6 + 159% proteien en 19,4 t 1,69fi anorganiese materiaal wat besonder nou ooreenstem met die syfers

van  Re id  e t  a l  (1968) .

Line€re regressiwerwantskappe met tritium- of ureumruimte en lewende massa as rrnafhanklike veranderlikes en die chemiese kompo-

nente van die bulliggame rs opgestel. Die eterekstrakwye komponente van die liggaam - vog, proteibn en anorganiese materiaal kon

beraam word met 'n koefhsidnt van variasie van 4 - ll%by 'n lewende massa van 400 kg, terwyl die koeffrsidnt van yariasie vir die

beraming van eterekstrak 25 - 30% was. laaqgenoernde waarde is duidelik te gloot om met 'n 
enkel meting uitspraak oor liggaam-

salnssfelling binne of tussen rasse te m:rak. Derhalwe sal die tegniek herhaaldelik toegepas moet word

SUMMAR Y -.

Four Afrikaner, 3 Afrikaner x I 'riesian, 4 Bonsmara, 5 Charolais and 4 Hereford bulls within the mass range l0l - 7'l2kg were used to

evaluate the trit ium and urea dilution techniques for accurate predictron of body composition. Approximately l, l - 1,4 g ut"u/W9:]5
Kg

and 30 - 40 prCi tritium/w?J5 *.r. inl'used pet vena iugutaris whereafter blood samples were collected at regular intervals until 7 holn

post-infusion, Following sanipllng of blood. the anrmals were slaughtered. The right sides of the carcasses were physically analysed for

muscle,  bone and fat  and the lef t  s ides plus the nor>carcass conlpcl l lents nr inced in toto and analysed for  water,  N,  et ier  extract ,  in-

organic mater ia l  and energy of  combust ion.

The opt imum t ime to sample blood in ordcr to predrc l  crnpty budy rvater  was i0 13,4 min post- infusion for  urea and 5 +2,1 min for

t r i t ium, whi le i t  wa.s l8 +4.6 and 234 t  73 nr tn rcrpect lvely.  tor  a( 'curatc predict ion of  tot ; r l  body \A'ater .  The conrposi t ion of  the ether

cxtract- f rce.  empty body u 'as 12.2 t  ) ,22% \ !ater .  22.5 12,O5'4prcr te in and 5,40 t0.4}%inorganic rnater ia l  whi le that  of  the ether

extract-free dry body was 80,6 t l.(r9 % prolen ancl 19,.1 i I ,( '()?1 rnorganic nraterteil. These values correspond very closely with the

va fues  o l 'Re id  e t  a l .  (  1968) .

Linear rcftressron equations with trit iunl or urca space anri lrvc r.lr.rrs u:i independent variables and the chemical components of the body

u'src calculated. The ether extract-fret-r components r-rl ' t lr;1111fl.r 'r it icl '. protein and inorganic material could be predicted with a co

ef f ic ient  o l 'var iat ion ol '4 l0%at a l rve mass ot '400 kg,  r r iu, i i :  r . l , *  cr , ief ' f i t rent  of  var iat ionforetherextractwas25 -  30%. Thelat ter

i.s r:lcarly trt ' such nragnitude that botly compositurn difterencer between Lrulls within or between breeds would not bc able to quanfied

unlt:ss lnca\urements can bc rnade repeatedly.
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In recent years various substances have been tested to
facilitate the estimation of body composition in the live
animal. Some of the substances earlier used such as AP,
NAAP and creatinine proved to be insufflciently accurate
(Reid, Bensadoun, Paladines & van Niekerk, 1963).
Others were shown to be more reliable in predicting
body composition than either body mass or empty
body mass. Of the radio-active nraterials, trit ium is used
extensively because it appears to be reasonably accurate
in most situations (Robelin, 1973) and because it is
relatively easy to administer and to detect. Potassium -40

has also become popular (Clark, Hedrick & Thompson,
1976'  Belyea, Frost ,  Martz,  Clark & Forkner,  1978).
However, since radio-active materials can be hazardous
with regard to disposal of urine, faeces and carcasses,
researchers also resort to non-radio-active materials for
routine use. Of these deuterium (Foot & Greenhalgh,
1970; Robel in,  1977),  urea (Preston & Kock, 1973;
Meissner, 1976 Kock & Preston, 1979) and ethanol
(Leoppky, Myhre, Venters & Luft ,1977), among others,
showed a level of accuracy comparable to that obtained
for the radio-active substances.

For various purposes a number of predicticln equations
based on trit iated water space have been developed to
estimate body composition in farm animals. Among
ruminants most studies have been conducted with sheep

@anaretto, 1968; Reardon, 1969'.Searle, I 970; Hofmeyr,
Olivier, Kroon & van Rensburg, l91l , Smith & Sykes,
1974; Meissner & Bieler, 1975) while the effort in cattle
has been limited to calculations of body"water space
(Aschbacher, Kamal & Cragle, 1965; Carnegie & Tulloh,
1968). With regard to urea space Preston & Kock ( 1973)
and Kock & Preston (1979) putrl ished prediction equa-
tions to estimate body composition, but the reliabil i ty
of their equations could have been influenced by their
using specific gravity to determine fat which is less
accurate than chemical analysis of the minced body or
carcass, or their analysis of a specific cut instead of the
whole carcass whereby a further indirect estimate is
required. Using sheep Meissner (1976) showed the urea
dilution technique to be somewhat less reliable than
tritium dilution, but he suggested that due to low cost
it could be useful for routine calculations of body
conrposition in cattle.

ln view of the apparent lack of extensive prediction
functions for cattle a slaughter study was conducted
with beef cattle to establish equations based on trit iated
water and urea space to predict body composition in the
live aninral and the carcass, and to evaluate their accuracy
in cornparison to those derived from aoK (Clark et al,
1976' ,  Belyea et  a l ,  1918).  From the lat ter  studies the
uniquely comprehensive prediction equations support
the reliabil i ty of the a0 K method which can be used by
laboratories having access to a Whole Body Counter.

ln thrs paper predict ion equat ions to est i rnate the com-
position of the wlrole body are presented. In subsequent

papers results are presented for the "chemically" analysed
and the physically dissected carcass, as well as for the
non-carcass componen ts.

Procedure

l. Animals and management

Four Afrikaner, 3 Afrikaner x Friesian, 4 Bonsmara,
5 Charolais and 4 Hereford bulls were used. Thev were
housed indoors.

Within each breed one animal was selected at random
and placed on a medium quality roughage diet consisting
primarify of Eragroslrs hay. A further Bonsmara bull was
added to this group, while the remaining l4 bulls were
fed a cubed commercial diet having a crude protein
content of 15% (DM basis) and a digestible energy
content of 69 % at ad libitum intake. To this was added
| - 2 kg Eragroslis hay per head per day depending on
body mass. Both diets were consumed ad libirum and
water was freely available.

Slaughter masses ranged from l0l - 772 kg and the bulls
within each diet were allocated to these mass categories
at random.

The animals were not fasted before administration of the
urea and trit ium solutions, but febd and and water were
withheld during distribution of the test substances
through the body.

2. Infusion and blood sampling

Urea and trit ium in a 0,9% NaCl carrier solution were
infused simultaneously (intravenously) by means of an
indwelling catheter and a 12 gauge needle. The required
amount of solution, to be infused, was carefully weighed
into 20 and 50 ml sterilized disposable syringes which
were attached to the catheterbyaluer-lock arrangement.
Mild force was necessary to introduce the substances
into the bloodstream within 2.5 nrinutes.

The urea solution contained 50% urea while the trit ium
solution averaged 200 pC^i/g. Between l, l - 1,+ g/WPAis
urea and 30 - 40 pCi/W!'15 trit ium were infused, ihe
actual amounts being determined accurately.

Jugular blood samples were taken prior to and at 5, 10,
15 ,  20 ,  30 ,  60 ,  120,240,360,  and 420 min  fo l low ing
aclrrrinistration. Those scheduled for trit ium analysis
were stored at 4oC while the others were centrifuged
and the plasrna kept at -20oC until they could be analysed
f  r l r  u r e a  - N .

3. Sample analysis and water space calculation

Plasnra samples were analysed for urea -N according to the
autoniated method of  Marsh, F ' ingerhut & Mi l ler  (1965)
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using a Model I Technicon Auto Analyzer. Trit iated
water (TOH) was recovered quantitatively from the
blood samples by \acuum sublimation. The specific
activity of the TOFI wal measured in a Packard l,iquid
scintillation counter using 1,0 g duplicate aliquots
of radio-active water in l0 ml scinti l lation l iquid as
descr ibed by Meissner & Bieler (1975).

Apparent urea or TOH space was calculated from the
ratio of urea or trit ium infused to the concentration at
equil ibrium,or at various other stages prior to equil ibrium,
after correction for the pre-injection values. No conec-
tion was made for losses of urea or trit ium that mieht
have occun'ed during blood sampling.

4. Slaughter procedure

The slaughter procedure employed has been described
by Naudd (1974). The blood was collected and weighed
during the killing process. The body was flayed and the
digesta removed from the alimentary tract, where-
after the water content of the dieesta was obtained bv
desiccat ion.

For chemical analysis the following non-carcass com-
ponents were pooled: head, trotters, digestive tract,
viscera and blood, while the hide was kept separate. The
carcass was split into halves, the left side being asigned
for chemical analysis and the right side for physical
dissection and determination of muscle. bone and various
fat stores. It was assunred that each half of the carcass
would be identical in composition.

The hide, other non-carcass components and the left
side of the carcass were frozen before being minced
separately in toto in a Wolking carcass grinder fitted
with two die plates with l2 and 5 mm holes respectively
(Hcrfmeyr,  1972).  Mincing was carr ied out 5 to 6 t imes
to ensure a hclmogenous product hefore large samples
(t 500 g) were taken for analyses for DM, N, ether
extract, inorganic matter and energy of combusion
(A.O.A.C.. 1970). lVlass losses dunng mincing were
assumed to be moisture and the results were corrected
for this los. The right sides of the carcasses were chilled
f o r t l 8 h a t l - 4 0 C .

Adopting the procedures described by Naudd (197a) the
tissues of the carcass obtained by physicaldissectionwere
bone. subcutaneous and kidney fat. "Meat" comprised
muscle and intra as well as intermuscular fat. In addition.
the amounts of bone. subcutaneous fat and meat in ttre
prinre rib cut were also identif ied. The amount of muscle
in the carcass and prirne rib cut was calculated by adding
together the masses ot' protein. water and inorganic
nratter as obtained by chernical analyses of representative
sarnplcs. The total amount of fat in the carcass or prime
ntr  crr t  is  the sum of the ether extract  in the subcutaneous
and intennuscular fat  and the muscle.

5. Statistical analysis

Least squiue analyses were used to establish prediction
equations for the components of body composition.
One-way analysis of comriance (Snedecor, 1956) was
used to test for differences between breeds and diets.
The reliability of prediction equations was evaluated by
the square of the correlation coefficient, the Sy.x and
the 95% confidence limits for prediction at the extremes
of experimentation (see range column, Table 2). The
latter indicates the probable boundaries within which
95% of observations in conceptual further experiments
or observations in an extrapolated experimental range
would fall.

Results and Discussicln

l. Optimum time for blood sampling

Using a time-equilibration curve for infused-urea and
trit ium as i l lustrated by Meissner (197 6), the most suitable
point in time to sample blood following administration
can be calculated. By extrapolating the linear straight
portion of the curye to zero-time the concentration of
urea or the activity of tritium can be estimated, if
complete equilibrium is immediately achieved. Urea or
TOH space, calculated at the point of equilibrium,
estimates total body water (TBW) if in the case of TOH
space provision is made for exchange with labile hydrogen
atoms in various compounds in body tissues and losses
occurring through evaporation and urine (Carnegie &
Tulloh, 1968). These time values together with the
optimum point in time for blood sampling when urea
or TOH space corresponded with empty body water
space (EBW), that is TBW minus water in the gut,
are shown in Table I .

Table I

Time-optinam for blcnd sampling to ttlcuhte uru and
TOH sryce conesponding respectively to TBl4 and EBll

Time-optimum for blood sampling (min.)

TBW EBW

Urea
Tritium

l 8  t  4 ,6  l0  t  3 ,4
2 3 4  ! 7 3  5  t 2 . l

The optimum time for sampling blood at equil ibrium
(TBW) corresponds with that  obtained by Meissner
(1916).  The t ime-opt imum for blood sampl ing to
estimate EBW differs however, because the infusion
v(rlume and the nrethod of administration were sornewhat
different in the two experiments. This shows that the
procedures adopted and the volumes infused should be
standardized between exper iments i f  EBW is to be
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Table 2

Means and ranges in body nuss and composition

Mean Range

Body mas (kg)
TBw (ke)
EBw (kg)
Protein (N x 6,25) (kg)
Inorganic matter (kg)
Ether extract (kg)
Energy of
combustion (MJ)

384,7
248,1
206,1
68,56
15 ,89
47,08

3465

l o t  7 7 2
73,,5 474
61,6 407
15 ,9  154
4,01 -  32,5
4,57 - 164

556  -8954

estirnated from blood sampling shortly after administra-
tion of urea or trit ium. The time-optimum to estimate
EBW from urea space here was not significantly different
from the l2 minutes post administration found by Kock
& Preston (1979\.

2. Chemical composition of the beef body

Means and ranges of the constituents of the body are
shown in Table 2.

The data in Table 3 illustrates the agreement in com-
position of the ether extract (EE)- free, empty body and
the EE-free, dry body between the results of Reid,
Bensadoun, Bull, Burton, Gleeson, Han, Yoo, Johnson,
McManus, Paladines, Stroud, Tyrell, Van Niekerk &
Wellington (1968) and the present. The variation in
constituents of the EE-free, empty body is higher than
the variation in the EE-free, dry body, because the water-
protein relationship is age and body'mass dependent

(Reid et  a l , ,  l968).  For example,  the corrc lat ion co.
ef f ic ient  between the EFl. f ree,  empty body and per '
centage [:BW was "0,92 in the present experinrent.

The composi t ion of  the [ ]E-free, enrpty body and the
EE-free, dry body was not s igni f icant ly inf luencecl  by
breed of  bul l  or  d iet .  This also appl ied to the relat ion-
shlp between the concentrat ion of  water and [ , I  which
fs in agreement wi th the resul ts of  Reid et  a l^ (1068).

3. Relationship between urea or TOH space and water

The relationships considered were:

3.1 Llrea space calculated from blood sampling at l0
rninutes post- lnfusion (  L l rea l0)  in relat ion to EBW.

3.2 TOH space calculated frorn blood sanrpling at
6 hours post-infusion (at equil ibrium) ('I ' 'JHTOO)
in relation to TBW and EBW.

3.3 
'l'OH 

space calculated from blood sampling at 5
minutes post- infusion (TOH5) in relat ion to EBW.

T1rese relationships were not significantly rnfluenced by
breed or diet although dietary effects in the contents of
the retrculorurrien were noticable. T'he data were there-
fore pooled, and common regression equations calculated.
ln addition to TOH or urea space, body tnass was
introduced as second independent variable in some
regrersion analyses to compare the reliabil i ty of the
nrultipie l inear equation to the sirnple l inear one in
predicting TBW and EBW" Where tl ie i i ;tercept on the
Y-axis was not significantly different t'rom zero, it was
assumed that the regression l ine should pass I f irough the
origin and the slope/regression coefficients were there-
fore computed from the uncorrected sum of squ:lres.
The relationships are shown in Table 4.

Table 3

Composition of the ether extract-fee, empty hody ancl the ether extract-lree, (ir,' bori-v,

EBW
( % )

Pro te in
( :2  )

lnorganic  mat ter
( % \

d .

b .

Ether extract-free, emp\) body
Present experiment
Reid er al (1968)

Ether extract- free, dry bct Jy
Present exper iment
Reid er al (1968\

J 2 , 2 + 2 2 2  ( 3 . 1 ) *
7 2 9  ! 2 , 0 1  ( 2 , 8 )

2 2 " 5  t  2 , 0 5  ( 9 , 1 )
2 l , 6  t  1 , 5 3  ( 7 , 1 )

8 0 , 6  t  1 , 6 9  ( 2 , t , )
8 0 , 3  I  1 , 6 9  ( t , l )

5 . 4 0  1 0 , 4 8  (  9 , 9 )
5 , 3 . 4  + 0 , 9 5  ( 1 7 . 8 )

1 9 , 4  + 1 . 6 9  (  8 , 7 )
1 9 , l  + 1 , 6 9  (  8 , 6 )

* Coefficient of variation.
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Table 4

hedicrion eqwrions for TBl4 and EBlil in kg

Prediction equation 12 or  R2 S y .  x 95% confidence
limits

TBW

EBW

0,861 TOH36g
0,687 TOH:OO + 0 ,127 Mass

I  ,01  7  Urea 1g
0,463 Urea16 +  0 ,286 Mass
0,719 TOH36g
0,408 TOH36g + 0,228 Mas
0,991 TOHs
0,803 TOtl5 + 0,100 Mass
0,487 Mass + 18,9

12,4
12,6

1 6 , 5
8 , 5  I

I  3 ,8
1  2 , 5
8 , 7 0
8 , 4 2

14,4

26,6
2 7 , 1

t  3 5 , 6
t  l g , 4
! 29,6
t  2 6 9
+  l g , 7
t  l 8 , l
t  3 1 . 0o,9'79

The reciprocal of the slope of the regression equation
between TOH:OO and TBW is I  ,16 which is about the
same as the one of  I  ,15 calculated by Carnegie & Tul loh
( 1968) when they used TOH space at equil ibrium as
dependent variable. This confirms that if ruminants
are rtot fasted beforehand. TBW is overestimated by
t s  -  t 6%.

Carnegie & Tulloh ( 1968) used TBW as independent
rariable on the assumption that it is a more accurate
estimate of the water content of animals. This is also
recognized here as the more correct procedure. However,
by adopting that procedure it is somewhat inconvenient
to calculate the error involved in the predict ion of  TBW,
which in actual fact one is interested in. Therefore, it
was decided to retain TOH space as independent variable
as in earlier publications even though the fit of regression
equations may have been less accurate.

The error of prediction of TBW from TOH369 space in
the present cas€ is about twice that obtained by Carnegie
& Tul loh (1968).  The Sy.x in their  publ icat ion appears
to be about 6 kg. It would appear that the contents of
the gut were more variable in the present experiment
since the relationships calculated for the concentrate
and roughage diets were pooled. Whereas EBW is pre-
dicted with a Sy.x of 8,7 kg from TOH5 space, which
compares favourably with the 9kg of Clark et al. (1976)
if correctly interpreted, the Sy.x increases to 12,7 kg
if TBW is predicted, which shows that the error of
prediction is increased by about 50% if the gut contents
are taken into account.

From Table 4 it can be seen that the error of prediction
of EBW is higher when Urealg is used in comparison to
either measures of TOH space. This is in accordance with
the resul ts of  Meissner(1916). l f  body mass is introduced

Table 5

hedictiott equations for pnttein in kg

Predic t ion Equat ion 12 or  R2 S y . x 95%confidence
limits

Prote in O , 4 2 1  U r e a 1 0  -  1 6 , 9
0 , 0 6 7  U r e a 1 6  +  0 , 1 1 6  M a s
0,298 TOH36g -  17 ,7

'  0 ,061 TOH366 +  0 ,226 Mas
0 , 3 9 3  T O H 5  l 3 , l
0 , 1 5 9  T O H 5  +  0 , 1  l 7  M a s  -  9 , 7 2
0 , 1 9 5  M a s s  6 , 6 6

0 , 9 1 9

0,964

0,976
0,985
0 . 9 8 1

l l , 7
5 , 6 1
7  ,61
7 , 1 9
6,22
5 ,28
5 ,59

+  1 \ 4

+  l )  )

t  16,3
t  1 5 , 5
+  1 3 , 4
t  I 1 . 5
t  l 2 , l

1 6 9



Table 6

hedicrion eqtntions for inorganic matter in kg

Predict ion equat ion 12  o r  R2 sy .x 95 % confidence
l im i ts

Inorganic matter 0,079 Ureal6
0,021 Urealg +
0,063 TOH36g
0,021 TOH36g
0,078 TOH5
0,050 TOH5 +
0.041 Mass

0030 Mass
2 ,50

+ 0,026 Mass

0 ,01  5  Mas

n qd'7

1 , 8 0
|  , 2 1
r 9 8
I ,93
1 , 7 4
I  , 8 1
I , 9 8

t 3,gg
t  2 ,65
t  4 3 2
t  4 , l g
+ 3,74
t  3,92
+ 4.27

as second variable the error is decreased, considerably so
in the case of the urea space relationship. The order of
decrease is between 4 and 50% showing that it can be of
value to include body mass as second variable. It is
interesting to note that body mass pel se is a reasonably
accurate predictor of EBW.

The 95 % confidence limits for predicting TBW or EBW
at the extremes suggest that a "casual obseryation"
(Carnegie & Tulloh, 1968) at the lower end of the
scale - a calf for example - might be unsatisfactory.
This indeed, would be true for all composition com-
ponents (Tables 5 to 7).

4. Relationship between unea or TOH space and
protein

The same independent variables as before were used to
predict protein and the otJrer constituents. The relation-
ships for protein are shown in Table 5.

The prediction of protein from either urea or TOH space
was les accurate than prediction from body mass which
is in accordance with the report of Clark et al. (1976)
using a0K to predict empty body nitrogen %. Although
the Sy. x was reduced, considerably so in the case of
Urea16 when body mass was introduced as second
variable to urea or TOH space, it is evident that nothing
is to be gained in accuracy by using water space measure-
ment. Body mass as independent variable would be
sufficient if the siune sex is used. The body mass-protein
relationship is probably influenced by sex (Meissner,
Roux & Hofmeyr,  197 5;  Meissner,  De la Rey, Gerhard &
Van der Westhuizen. 1976).

5. Relationship between urea or TOH space and
inorganic matter

The relationships for inorganic matter are shown in
Table 6.

Table 7

Prediction equotions for ether extact in kg

Predict ion equation 12  o r  R2 sy.x 95% confidence

l im i t s

Ether extract 0,264 Urea 1g
-O,627 Urea lg

0,270 TOH36g
-0,657 TOH36g
0,252 TOH5

-- | ,074 TOH5 +
0 , 1 8 8  M a s s

+ 0,460 Mass
- 30,5
+  0 , 6 1 6  M a s s

0,706 Mas
24.8

0 ,677

n ' 7 ' 7 ' 7

30,7
t4.2
) \ ' )

14 ,6
2 J , 4
12,9
20,9

t  66:
+ 30,7
t  54 ,3
t  3 1 , 4
+  5 8 , 8
+  2 7 . 8
t  45 ,0

1 7 0



Directly from TOH5 and Mass
Indirect ly v ia EBW
Indirectly via sub t raction
Direct ly v ia the log equat ion

Table tt

Mean absolute enor and standard deviation of the
calculatcd amount of ether extract (kg)

Method of  calculat ion Mean error and S. D.

T'able 4.  (Only TOH( was considered since i t  was
assumed that the same pr inciples would apply in the
case o t 'TOH-160 and LJrea lg ) .  The amount  o f  EE was
then calculated from EBW as derived from the first
equat ion and body mass. In the second instance 2
equat ions were calculated, one between empty body
mass ( i ,e .  w i thout  the  conten ts  o f  the  gu t )  and body
mas and one between EE-free empty bcldy mass and
TOtl5.  The amount of  EE was then considered as the
di f lerence between the enrpty body and the EE-free
empty body. l t  was considered worthwhi le to pursue a
l'urther possibil i ty. This was that the relationship between
the amount of EE, TOHS and body mass is l inear only in
the log scale and therefore theoret ical ly the amount of
EE should be predicted with highest accuracy when
calculated from t he log relationship. The different
methods were conlpared with regard to the mean absolute
error of calculated amount of EE relative to chemicallv
analysed EE as shown in Table 8.

The procedure for calculating the amounl of EE via
EBW was of  s imi lar  accuracy to the direct  method in
the ordinary scale. The subtraction procedure proved to
be less reliable. The mean absolute error when the log
procedure was used was about l0% less than the direct
method in the ordinary scale, but the S.D. was sub-
stantially increased. This was mainly due to the fact that
the log equation calculated the amount of EE at the
upper end of the scale (high ether extract contents) in
a biased manner. Overall, i t is clear that nothing is to be
gained in accuracy by the proposed approaches.

The er r t r r  o f  es t imates  o f  the  amount  o f  EE Q7 A 3 l  ,O%\
is greater than the dif ' ferences in EE content between
most beef breeds (Naudd, 1974; Meissner,  unpubl ished)
which means that the method of measuring water space
with urea or trit ium dilution is urrsuitable for comparing
breeds unles one can resort to repeated measurement
within each animal(Meissner & Roux ,1979).

I . Relationship between urea or TOH space and
energy of combustion

The prediction equations for energy of combusion are
given in Table 9.

The inclusion of body mass as second independent
variable to urea or TOH space reduced the Sy.x about
50% . Nevertheless, the Sy.x remained relatively high
compared to the error of the EE-free components,
because of the influence of the EE error. The percentage
error relative to the mean energy of combustion content
w a s  a b o u t  l 4  -  l 5 % .

Ttre Sy.x for  predict ion of  energy of  combusion reported
by Clark et  a l .  (1976) appears to be about 4l4Ml.  The
reasons why this figure is expected to be lower than the
present have been discussed previously.

9 . 8 7  t  8 , 2 6
9,64  !  8 ,63

l l , 9  t  1 , 6 7
8 . 9 4  t  I  I , l

The prediction of inorganic matter from urea or TOH
space proved to be at least as accurate as prediction from
body nlass. When urea or TOH space and body mas
were both used as independent variables the accuracy
improved even further (between 3 and 33%).

6. Relationship between urea or TOH space and
ether extract (EE)

The relevant relat ionships are shown in Table 7.

It is evident that without body mass as second inde-
pendent variable the prediction of the amount of
EE l rom urea or  TOH space was ex t remely  unre l iab le .
Body mass as sole variable was substantially better,
but sti l l  predicted inaccurately. This of coune, is due
to the fact that the EE-body mass relationship is breed
dependent.

Urea or TOH space together with body nlass as inde-
pendent variables predicted the amount of F.E with a
S y . r  o f  1 2 9  -  1 4 . 6  k g  w h i c h  i s  s o n t e w h a t  h i g h e r  t h a n
the f igure of  about I1,5 kg ( i f  interpreted conect ly)
reported by Clark et  a l .  (  1976) when they predicted the
amount of EE from aoK and live mass as independent
variables. Bearing in rnind that their experimental animals
were a homogenous group of Hereford steers and that
they fasted the steers beforehand, one would have
expected a smaller error.

lf the Sy.x is calculated in terms of percentage error
relat ive to the mean amount of  EE in the exper iment
(see Tab le  2 ) ,  i t  becomes 17 .4  -  310% which  c lear ly
is qui te unsat isfactory.  Compare this error wi th the
corresponding ones for TBW of about 5.O% , EBW of
abcru t  4 ,1%,  p ro te in  o f  about  8 ,0%and inorgan ic  r l ta t te r
o f  about  lO,5% .

Due to the smal ler  error of  the [ :E-free con]ponetr ts the
possibi l i ty  that  the error of  est imate of  EE might be
r c t l r r e  e d  i i '  i t  i s  c a l c u l a t e d  i n d i r e c t l y  w a s  i n v e s t i g a t e d
I wo procedures were fbl lowed: l r r  t l re t i rst  l l ts tat)ce
EBW was ca lcu la ted  f ronr  

' lO l lq  
and body  mass  as  In

t 7 1



Table 9

Prediction e(luotions for energl' of combustion in MJ

Predict ion equat ion r 2  o r  R2  Sy  x  9 |%con f i dence

l i n r i t s

f : n e r g y o f c o m b u s i o n  =  l 8 , 6 U r e a 1 g *  l 4 l l  t  3 0 4 2
=  - 2 5 , 9  U r e a l g  +  2 3 , 0 M a s s  5 1 5  t  l l l 5
=  l 7 , 5  T O H 3 6 6  1 5 8 9  0 , 8 2 9  1 0 8  |  t  2 3 2 7
= -  2J ,2 TOFl36g + 29,5 Mas 536 + I  154
= 22 ,8  TOH5 -  1263 0 ,821 1105 t  2319
=  4 1 , 8  T O H 5  +  3 1 , 8  M a s  5 0 7  t  1 0 9 2
=  l l . 9 M a s s  l l l 0  0 . 9 0 9  7 9 0  t  l 7 0 l

* LJrea and TOH space and body mass are in kg

Conclus ions the cJ i f ferences d isappear  when body 'mass is

i n t roduced  as  second  i ndependen t  va r i ab le .

I .  The EE-free components of the body - water,
prote in  and inorganic  mat ter  -  can be est in la ted 

4.  More lhan one measurernent  ( ) t  water  spaee i r * r1
w i t h  a  mean  abso lu te  e r r , r  o f ' abou t  4  l o%a t  

body  r r r ass  i '  t l r e  sa r r r c  an r . r a l  w 'u r t J  be  requ r r c t r
a  l ive  mass of  400 kg '  

to  quant i fy  bodiz  composi t ion d i f  t 'e rences between

bee f  an in i a l s .
2. The amount of EE would be estimated with a

meiul absolute error of about 25 30% at 400 kg

live mass.
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