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Abstract — Urinary creatinine excretion (UCE) and chemical body composition of 18 Belgian Blue
double-muscled bulls were determined. Partly due to the large fasted live weight (fLW) range
(308-710 kg), kg water and protein in the empty body were quite accurately predictéd @R

and 0.97) by UCE. The precision of the prediction of kg empty body fat was less goo#l (adjR
=0.77). However, the empty body composition of the bulls varied only slightly and linearly with increa-
sing live weight so that the fLW was the best parameter to estimate empty body water and protein with
an adjR value of 0.99 for both. The empty body fat was estimated from fLW with af ad)R5.

The equations predicting relative body composition from UCE had much smallénadijies,

varying from 0.53 for % empty body water to 0.30 for % empty body protein. However, the coeffi-
cients of variation were much smaller. The prediction of the relative composition based on UCE
was always somewhat better than based on fLW, but the improvement was not enough to justify
the work involved in determining UCE. Conclusively, due to the small compositional changes, UCE
did not significantly improve the estimation of the body composition from fLW. From the compari-
son of the results with other studies, it can be concluded that the double-muscled bulls have an extre-
mely high urinary creatinine concentration, which cannot entirely be explained by their increased
protein content.

urinary creatinine excretion / double-muscling / body composition estimation / bulls

Résumé—Evaluation de I'excrétion urinaire de créatinine pour estimer in vivo la composition
corporelle de taurillons Blanc-Bleu-Belge culardslL’excrétion urinaire de créatinine (UCE) et

la composition corporelle de 18 taurillons Blanc-Bleu-Belge culards, de poids au jeQine variant entre
308 a 710 kg ont été déterminées. Les quantités d’eau et de protéines (en kg) dans le poids vif vide
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ont été estimés assez précisément a partir de 'UE&(Ré ou adjR= 0,94 et 0,97), en raison de

la grande variation de poids. L'estimation de la quantité de gras dans le poids vif vide a été moins pré-
cise (adjR = 0,77). La composition corporelle des culards Blanc-Bleu-Belge a changé lentement
mais linéairement avec le poids vif entre 300 a 700 kg. En conséquence, le meilleur paramétre pour
estimer la quantité d'eau et de protéines (en kg) chez le culard est le poids vif au jetine (vale@r de adjR
=0,99 pour les deux). La précision pour estimer la quantité de gras (kg) a partir de ce méme parametre
a été moins bonne (adjR 0,75) qu'avec I'UCE. Les équations reliant la composition corporelle avec
I'UCE ont eu des adjRéduits, entre 0,53 pour la teneur en eau et 0,30 pour la teneur en protéines.
Mais les coefficients de variation ont été plus faibles, indiquant que la composition a été estimée
plus précisément que la quantité d’eau et de protéines. La prédiction de la composition basée sur
'UCE a toujours été meilleure que celle basée sur le poids au jeline, mais I'amélioration n'a pas été
suffisante pour justifier le travail pour déterminer 'UCE. Lorsque la composition corporelle ne
change que légérement, I'UCE n’améliore pas significativement I'estimation de la composition cor-
porelle du culard Blanc-Bleu-Belge a partir du poids au jeine. En comparant nos résultats a ceux de
la littérature, on peut conclure que la concentration en créatinine urinaire chez les culards Blanc-
Bleu-Belge est trés élevée. Ces excrétions plus élevées ne s'expliquent pas totalement par le taux de
protéines corporelles élevé de ces animaux.

excrétion urinaire de créatinine / culard / estimation de la composition corporelle / taurillons

1. INTRODUCTION that dietary sources of creatine or creatinine
(e.g.meat) may be important. The differ-
ences in excretion between individual ani-
of live animals are very important in nutri- mals are larger than the differences between

tional experiments. Several techniques the{ﬂi ﬁaxgr:ettilsosnusefrr?\g]sg?:‘ ?ndSr)]li rE?:]\I \c/:V:rl1lebe
were originally developed for human

medicine have been adapted for predictinﬁgni')dg;e?nr;ﬁ; goar%r;agr%ren;??{g]e ?Alg ;L%rr?
in vivo composition of animals [5]. These y | y h h .h h '
techniques (e.g. CT-scan, [17] and NMR Severa authors [11, 15, 17] have shown that

(1) efmand veryexpensie squpment ant CE s 107 coneated s body weigtor
cannot be applied to larger ruminants (cows :

bulls, etc.), due to the limited size of mos! To determine UCE the urine is usually
apparatus. Therefore, a less sophisticatécollected over several days and a composite
technique such as urinary creatinine excresample is analyzed (colorimetric). Except
tion (UCE) is a possible and realisablefor the collection of the urine the UCE tech-
method for in vivo estimation of body com- nique is very simple, little time-consuming

position in ruminants. and requires no high investment.

Borsook and Dubnoff [2] found that 98%  In this study the adequacy of UCE to esti-
of the creatine reserves of the animal armate body composition of Belgian Blue
present in the muscles, mainly in the form o(BB) double-muscled (dm) bulls was eval-
phosphocreatine. Between 1.6 [7] and 2.8%uated. Therefore, body composition
[2] of that reserve is daily converted intoof 18 bulls, with a large weight range
creatinine, which is entirely [7] excreted in (+ 300-700 kg), was analysed after deter-
the urine. Dinning et al. [8] concluded thatmination of UCE. The resulting equations
daily excretion of creatinine is not affectedshould predict protein and energy accretion
by protein intake, but DelGiudice [7] statedover a large weight range.

Data about body or carcass compositiol
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2. MATERIALS AND METHODS 2.2. Urinary creatinine excretion

2.1. Experimental design To determine UCE, the bulls were con-
fined in metabolic cages during a seven-day

After a two month adaptation period atrperiod. The first three days were to adapt
the Department, 46 bulls used for this expeifye py|is to the cages, the remaining four
iment were chosen out of 160 bulls. Theyy,ys total urine and faeces were collected
were purchased at the market at a live weighly 5 ately. Urine was collected and weighed
Pne(;fwm(z\?gjri?c? davr\]/gssgi?/ ilége. d-l}ge'[r:(r)éael Sﬁgggbnce daily and a representative sample was
ken. Before collecting, diluted sulphuric

(ca. 360-460 kg, 460-570 kg, 570-680 k), iy \yas added to the urine container to
to Investigate the effect of phase.-feedmg OPeduce pH below 3 and to prevent bacterial
gpl_rgatljperforfman;:e ([13] The animals wer€yo i ction of creatinine. Urine samples

ivided over four feeding regimens (9roub qre stored in plastic bottles and frozen at
1, 2, 3 and 4), differing in energy and protein

. " =20 °C until analysis for creatinine. Crea-
content [3]. All diets were fed ad libitum. ; ino \yaq determined using a colorimetric
The negative control group (group 1;

n = 10) constantly received a low proteinprocedure (Boehringer Mannheim, 1993).

level combined with a moderate energy”Cc Was calculated by multiplying the uri-
Fary concentration by total urine volume.

level. With each phase, the protein level o our davs after the end of the collection

group 2 (= 12) decreased while a constan eriod gblood sample was taken from the

moderate energy level was fed. The energ) 12 PI€ -
gular vein to determine blood creatinine

level of group 3 increased € 12) in com- . X . ;
bination with a constant high protein leve| CONcentration using the same colorimetric

Group 4 (1 = 12) received rations with Procedure.
increasing energy levels and decreasing pro-
te_in levels. More details about the diets arg 3 Slaughtering procedure
given by De Campeneere et al. [3]. and chemical analyses

At the beginning of each phase (360, 460
and 570 kg) and at the end of the experi- The bulls were slaughtered in the exper-
ment (680 kg), all animals were confinedimental slaughterhouse of Ghent Univer-
in metabolic cages to determine UCE. Irkity, 5 km from the Department. Bulls were
the course of the experiment 18 bulls werot fasted before slaughter, but fasted LW
slaughtered 5 days after the end of the colf\W) was determined the day before, after
lection period to determine chemical bodya fasting period of 16 hours.
composition. These 18 animals were . .
seecte ffom he groups 2. and 4, based g0, Co13acC Sari (NGP), ncluding a
their live weight , in order to have a i '
homogeneous spread over a large LW rang{ g‘%\g’:glaesfgugnt:jssu;i’g‘r’gge Ssggﬁ;eg ff rtc;]n;
(= 300-700 kg). After the first period in the | hteri 9 d : ous
cages, two animals from groups 2, 3 and 'aughtering procedure were previously

; ; described by De Campeneere et al. [6].
4 were slaughtered, with LW ranging from X
309 to 405 Eg. After the second %s %vell a&Mmpty body weight (EBW) was calculated

after the third collection period, one anima®S LW minus gut fill. At the end of the
slaughtering procedure weight of the right

t of th 2,3and 4 laugh ; ) A
?eureg LV(\a/ %cr)i:lgsfrom 2;6 to \ngg Ega;gdhalf carcass (CC; including half of the tail)
: was determined.

from 543 to 593 kg, respectively. Finally,
at the end of the trial, again two animals out CC and the NCP were prepared for anal-
of the groups 2, 3 and 4 were slaughtered;sis according to the procedure described
with LW ranging from 628 to 723 kg. by De Campeneere et al. [6]. Water,
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protein and fat were analysed in the CC anthe blood and urinary creatinine concentra-
in the NCP separately. Protein (Kjeldahl)tion, the UCE (egday 1) and the ratio
and fat (Soxhlet extraction and gravimetry)UCE/fLW are listed. The results show very
were analysed according to the EU methlow fat contents in these dm animals. The
ods [9, 10]. From these results, watemaximum fat content in the empty body was
(EBWa), protein (EBP) and fat (EBF) in thejust below 10%, while the lowest fat con-
empty body (EB) were calculated. Fat-fregent was 3.5%. In the carcasses the fat con-
body mass (FFBM) was calculated as EBWtent was even lower and varied between 3.1
EBF. and 7.4% [4]. The FFBM varied between
Due to technical problems, body260.6 and 618.9 kg and between 90.3 and

composition data from one animal were96.5% of the EBW.
unreliable and therefore excluded from all Da||y urinary creatinine excretion aver-

statistical analysis. Consequently, the comaged 25.2 g and 49.6 mg per kg fLW. This
positional data are based on 17 observationsecond parameter varied between 44.0 and
53.7 mgday ™.

2.4. Statistical analysis The correlation coefficients between the
different compositional parameters and
Means, standard deviations, correlatiorthe creatinine parameters are shown in
coefficients and linear regressions were calfable Il. To obtain the highest correlation
culated using SPSS 8.0 for Windows [15].total urine collection is needed, since that
parameter was best correlated with all body
components (except EBF). However, if total
3. RESULTS urine collection is impossible, the blood cre-
atinine concentration correlated better with
In Table | data concerning the weight andEBWa, EBP, FFBM and fLW than the uri-
the composition of the EB, FFBM, fLW, nary concentration did.

Table I. Mean, SD and range for the weight and composition of the empty body, the FFBM, the
fasted live weight, and different creatinine parameters of the 17 bulls.

Mean SD Range

Empty body weight (kg) 471.6 132.3 276.4-668.8
Empty body

water (kg) 325.7 85.7 195.4-457.9

protein (kg) 95.2 27.9 54.0-134.7

fat (kg) 31.2 16.4 12.6-64.6

water (%) 69.4 1.9 65.8-72.0

protein (%) 20.1 0.6 18.9-21.2

fat (%) 6.3 1.8 3.5-9.7
FFBM (Fat-free body mass) (kg) 440.5 118.2 260.6-618.9
FFBM (% of empty body) 93.7 1.8 90.3-96.5
Fasted LW (kg) 506.0 134.9 308.0-710.0
Blood creatinine concentration (urioh 199.2 43.5 130.0-279.7
Urinary creatinine concentration (mrrof) 28.8 9.9 16.6-54.5
UCE (urinary creatinine excretion;dgl) 25.2 7.4 14.3-37.5

UCE / fasted live weight (mikg™1) 49.6 29 44.0-53.7




Table Il. Correlation coefficients between composition (EB = empty body, Wa = Water, P = protein, F = fat, FFBM = fat free body rdéfes}and

creatinine parameters € 17).

EBWa EBP EBF FFBM EBWa EBP EBF FFBM

(ka) (ka) (kg) (kg) (%) (%) (%) (%)

Blood creatinine concentratioprfiol1-1) 0.888 0.874 0.820 0.888 —-0.605 0.241 0.594 -0.594
*%* *% *% *% * * *

Urinary creatinine concentration (mricoh 0.809 0.812 0.913 0.811 -0.740 0.203 0.792 -0.792
*%* *% *% *% *%* *% *%

Daily creatinine excretion (@) 0.970 0.986 0.884 0.976 —-0.728 0.551 0.659 —0.659
*%* *% *% *% *%* * *% *%

Urinary creatinine / kg fLW (mgg ™) 0.413 0.481 0.456 0.427 -0.501 0.695 0.389 —-0.389

* **

* P-value < 0.05; **P-value < 0.01.

s|Ing pajosnwi-ajgnop an|g ueibjag jo uonisodwod Apoq pue 30N
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When body composition was expresse@nd 2.7 kg (2.8%). Again the fat content
in percentages, most correlations decreasedas less successfully predicted with
substantially. For % EBWa, % EBF and %adjR? = 0.75 and RSD (CV) of 8.3 kg
FFBM the highest correlations were found(26.6%). The estimation of the EBF was, in
with urinary creatinine concentration. contrast with these of EBWa and EBP,
% EBP was best related with mg urinaryslightly better when based on UCE than
creatinine per kg fLW. when based on fLW.

In Table I the results of the regression The very high adjRvalues are partly due
analysis are listed. In the upper half of theo the high variation in EBW. Therefore,
table relations between UCE or fLW andbody composition was expressed in per-
absolute body composition of the 17 bullscentages and the relations between the rel-
are shown. EBWa and EBP were accuratelgtive body composition and fLW or UCE
estimated by UCE. EBP had the highestvere studied (lower half of Tab. Ill). The
adjrR2 (0.97) and the lowest RSD value:precision of prediction did not improve
4.8 kg (5.0%) vs. 21.4 kg (6.6%) for EBWa.when fLW and UCE were used in one equa-
Estimation of the fat content was less suction to predict absolute or relative body com-
cessful, with an adjR= 0.77 and a RSD of position.

25.3%. The FFBM was also accurately pre- |y comparison with the upper half of the
dicted by the UCE. Table, the adjRvalues were noticeably

A higher precision was found in esti- lower. The correlation between % EBP and
mating the absolute composition of theUCE or fLW was particularly weak. But,
empty body based on the fLW, with anowing to the small compositional variation
adjR2 value of 0.99 for water and proteinin this type of bull, the RSD values of the
and a respective RSD (CV) of 9.3 kg (2.9%)ame equations were small, indicating that

Table lll. Empty body (EB) composition (water: EBWa, protein: EBP and fat: EBF; kg and % of EB
and FFBM (fat-free body mass; kg and % of EB)) estimated from U@E)gnd fLW (fasted live
weight, kg) with adjR, RSD and CV (coefficient of variation).

Prediction equation adiR RSD cv

kg EBWa  =42.38 + (11.22 UCE) 0.94 21.4 0.066
kg EBP = 1.46 + (3.7% UCE) 0.97 4.8 0.050
kg EBF = -18.32 + (1.98 UCE) 0.77 7.9 0.253
kg FFBM  =47.64 + (15.58 UCE) 0.95 26.5 0.060
kg EBWa =5.80 + (0.632 fLW) 0.99 9.3 0.029
kg EBP =-9.07 + (0.208 fLW) 0.99 2.7 0.028
kg EBF = _22.68 + (0.108 fLW) 0.75 8.3 0.266
kg FFBM  =-1.60 + (0.874 fLW) 0.99 9.4 0.021
% EBWa =74.1 - (0.18 UCE) 0.50 1.33 0.019
% EBP =18.9 + (0.05 UCE) 0.26 0.54 0.027
% EBF =2.17 + (0.18 UCE) 0.40 1.43 0.227
% FFBM =97.8—(0.1& UCE) 0.40 1.43 0.015
% EBWa =74.2 — (0.0098 fLW) 0.44 1.41 0.020
% EBP =19.0 + (0.0022 fLW) 0.18 0.57 0.028
% EBF =1.93 + (0.0088 fLW) 0.36 1.47 0.233

% FFBM =98.1 - (0.0088 fLW) 0.36 1.47 0.016
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it was a good estimation of the composi<content in the empty body of the BB dm
tion. From the comparison of the CV andbulls in our experiment can only partly
the RSD values it is concluded that the relexplain the high values. For each kg pro-
ative equations are always more precise thaein in the empty body 266 + 0.012 mg cre-
the absolute equations in predicting bodyatinine is excreted. From Schroeder [14],
composition, and that UCE gave the best fifor each of four weight groups (300, 390,
to the compositional data, with little differ- 480 and 560 kg) comparable values
ence in precision between UCE and fLWcan be calculated being 150, 176, 166 and
predicting relative composition. 158 mgkg~! protein respectively. Van
Niekerk et al. [16] found from 65 sheep of
different breeds that on average 195 g crea-
4. DISCUSSION tinine is excreted for each kg protein in the
empty body. These figures prove that the

More data on the body and carcass confligh protein content in the dm bulls causes
position of the Belgian Blue dm bulls wereONly part of the difference in the creatinine

. oefficient. This is in accordance with
given by De Campeneere et al. [6]. The ve ) :
low fat content and the small increase of 12nset and Michaux [12], who found higher
that fat content with increasing LW were lood creatine and creatinine concentrations

the most significant conclusions. Due to thd" dM than in non-dm bulls and concluded

hat the concentration in the dm type is
very low fat content, the FFBM was pro- .
portionately very large. higher than would be expected from the

average hypertrophy of the muscles.

The daily UCE in this experiment var- .
ied between 14.3 and 37.6 g. Regression Although the prediction of kg EBWa, kg
analysis indicated that with each kg increas&BP and kg FFBM from UCE was reason-
in fLW the daily excretion of creatinine @bly good, it was even better when estimated
increased by 54.1 mg (UCE-(gy ) = from fLW (Tab. IIl). The large range in
—2.106 + 0.054*fLW; R= 0.97). Schroeder body weight of the animals used in this study
[14] estimated a corresponding value ofnd the very small variation of the body
20.7 mg for a live weight interval from COmposition despite that large weight inter-
300-560 kg (UCE = 2.45 + 0.021*LW). val are the most important reasons for this
The large difference between both studie§onclusion. Van Niekerk et al. [16] studied
could be partly due to the higher proteinW'th ruminants the precision of estimating

accretion with each kg increase in fLW for EBP from a weight parameter (fLW) and
the dm bulls. both parameters were highly correlated

o o - (0.969), but UCE and EBP were still some-

~The creatinine coefficients (mg creati-what better correlated (0.972). Schroeder
nine per kg fLW; Tab. 1) in this study (range:[14] demonstrated that the addition of LW to
44,0-53,7) are also extremely high in comthe equation containing UCE significantly
parison with results from Lofgreen andimproved the precision of prediction of
Garret [13]: 24.3-37.3; Schroeder [14]: FFBM (RSD from 22.2 to 6.63 kg) and EBP

24.71-29.22 and Dinning et al. [8]: (RSD from 5.46 to 1.87 kg).
9.69-11.72. These three experiments were

done with respectively Hereford yearling, ~The bottom part of Table Ill indicates
crossbred (SimmentalAngusx Charolais; that the relative body composition is some-
300-560 kg) and Hereford steers (2 yearwhat better predicted based on UCE than
old). The very low figures of Dinning et al. on fLW, but the differences are that small
[8] are quite different from these of that they cannot justify the extra work for
Lofgreen and Garret [13], although the saméhe determination of UCE. It indicates how-
breed was used. The very high proteirever that the technique might be valuable
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for a population with more variation in body [2]
composition. From the CV it can be con-
cluded that despite the very high agljRl-

ues of the absolute predictions, the predic-
tion of the relative body composition is more

precise. (4]

5. CONCLUSION

In general, UCE is quite accurate in pre—5]
dicting absolute and relative EBWa, EBP[
and FFBM, but it is less successful in esti-
mating EBF. The estimation of the relativel6]
body composition is always somewhat more
precise than the estimation of the absolute
composition, whether it is based on fLW or
on UCE. The best relative predictions aréd?]
found based on UCE, but the improvement
in comparison to the fLW is too small to
justify the extra work. Therefore it is con- [8]
cluded that due to the very slight changes
in the body composition of the BB dm bulls[g]
and the large LW interval, fLW was most
useful to estimate the body composition;q
From the comparison of these results with
other studies, it can be concluded that thE.1]
dm bulls have an extremely high creatinine
excretion, which cannot entirely be 12]
explained by their increased protein con-
tent.

13
ACKNOWLEDGEMENTS 1l

This study received financial support from
the Ministry of Small Enterprises, Traders and®¥!
Agriculture, Administration for Research and
Development. The authors also thank K. Pieters,
R. Coens, D. Dobbelaere and the personnel of
the slaughterhouse for their skilled technicaj1s)
assistance.

[16]

REFERENCES 17

[1] Baulain U., Magnetic resonance imaging for the
in vivo determination of body composition in

animal science, Comp. Electr. Agric. 17 (1997)
189-203.

S. De Campeneere et al.

Borsook H., Dubnoff J.W., The hydrolysis of
phosphocreatine and the origin of urinary crea-
tinine, J. Biol. Chem. 168 (1947) 493-510.

De Campeneere S., Fiems L.O., Cottyn B.G.,
Boucqué Ch.V., Phase-feeding to optimize per-
formance and quality of Belgian Blue double-
muscled bulls, Anim. Sci. 69 (1999) 275-285.

De Campeneere S., Fiems L.O., Van de Voorde
G., Vanacker J.M., Boucqué Ch.V., Demeyer
D.l., Estimation of chemical carcass composition
from 8th rib characteristics with Belgian Blue
double-muscled bulls, Meat Sci. 51 (1999)
27-33.

De Campeneere S., Fiems L.O., Boucqué Ch.V.,
In vivo estimation of body composition in rumi-
nants, Nutr. Abstr. Rev. (2000) in press.

De Campeneere S., Fiems L.O., Vanacker J.M.,
Boucqué Ch.V., In vivo estimation of body com-
position with Belgian Blue double-muscled bulls
based on urea infusion, J. Anim. Phy. Anim.
Nutr. 83 (2000) 205-214.

DelGiudice G.D., Asleson M.A., Varner L. W.,
Hellgren E.C., Twenty-four-hour urinary crea-
tinine and urea nitrogen excretion in male white-
tailed deer, Can. J. Zool. 73 (1995) 493-501.

Dinning J.S., Gallup W.D., Briggs H.M., Excre-
tion of creatinine and creatine by beef steers,
J. Biol. Chem. 177 (1949) 157-161.

EC, Publication European Communities
No. 15/29 (method B), 1984.

EC, Publication European Communities
No. L179/9, 1993.

Forbes G.B., Bruining G.J., Urinary creatinine
excretion and lean body mass, Am. J. Clin. Nutr.
29 (1976) 1359-1366.

Hanset R., Michaux C., in: King J.W.B.,
Ménissier F. (Eds.), Muscle hypertrophy of
genetic origin and its use to improve beef pro-
duction, Martinus Nijhoff Publishers, The
Hague, 1982, pp. 237-256.

Lofgreen G.P., Garrett W.N., Creatinine excre-
tion and specific gravity as related to the com-
position of the 9, 10, 11th rib cut of Hereford
steers, J. Anim. Sci. 13 (1954) 496-500.

Schroeder A.L., Evaluation of techniques to esti-

mate developmental changes in empty body and
carcass composition in continental crossbred
steers, Ph.D. diss., Michigan State University,

1990.

SPSS Base 8.0 for Windows, Users’s Guide,
SPSS inc., Chicago, IL, 1998.

Van Niekerk B.D.H., Reid J.T., Bensadoun A.,
Paladines O.L., Urinary creatinine as an index of
body composition, J. Nutr. 79 (1963) 463-473.
Young M.J., Jay N.P.W., Jopson N.B., Repea-
tability of computer tomography scan measu-
rements in sheep, in: Annual Meeting of the Bri-
tish Society of Animal Science, Scarborough,
22-24 March 1999, British Society of Animal
Science, p. 102.



