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Abstract
Four female Holstein cattle (Holstein, average body weight (BW) 359 kg), four castrated male native
cattle (Native, 257 kg) and four castrated male swamp buffaloes (Buffalo, 543 kg) were subjected to
urea space measurements to determine body composition of the different animals and to investigate the
effect of 48 h of water deprivation on the change of body composition in Northeast Thailand.  The per-
centage of empty body protein (EBPRO) compared to empty body weight (EBW) was similar among
Holstein, Native and Buffalo.  The percentage of empty body water (EBH2O) was the highest in
Native, while the percentage of empty body fat (EBFAT) was the highest in Buffalo.  After the dehy-
dration, mean BW decreased in Holstein, Native and Buffalo, and not only water but also protein and
fat were mobilized.  The percentage of EBPRO was similar among Holstein, Native and Buffalo; how-
ever, the percentage of EBFAT was the highest in Buffalo and the percentage of EBH2O was the high-
est in Native.  After dehydration, the percentage of EBFAT decreased and the percentage of EBH2O
increased in all animals.
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Introduction

There are many large ruminants raised in Northeast
Thailand, i.e., 2.5 million and 2.2 million heads of cattle
and swamp buffaloes, respectively4.  The establishment
of a proper feeding management system for ruminants
has been urged for the sustainable development of animal
production.  Thai native cattle (Bos indicus) and swamp
buffaloes have adapted genetically to local conditions,

disease, available feed, climate, predators, and many
other persistent variables imposed by the local environ-
ment.  Because the nutrient requirements differ quite
widely among Thai native cattle, swamp buffaloes and
Holstein cattle, clarifying the nutrient requirements of
ruminants is necessary for adequate feeding manage-
ment. 

According to Devendra5, the bulk of evidence sug-
gests that the swamp buffalo probably has an inherent
capacity to utilize dietary fiber relatively more effi-
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ciently than cattle can do.  Although the Thai native cattle
are considered to have an ability to utilize low-quality
feed, we have little information about them, in Southeast
Asia. 

Energy and protein requirements can be proved by
digestion and metabolism trials, but those trials require
considerable labor and expensive equipment.  Body com-
position, especially the amount of energy reserve, is con-
sidered to reflect an animal’s energy balance, and
measuring changes in body composition (water, fat and
protein) is one way to clarify the differences in nutrient
requirements.  Indirect and noninvasive techniques pro-
vide a method that is repeatable to describe body compo-
sition of livestock.  Dilution techniques for estimating
body water have been in general use for many years.
Measurement of tritium and deuterium is another method
for determining body composition.  Tritium or deuterium
spread evenly and rapidly and are not toxic; they result in
no deleterious physiologic effect and are not selectively
stored1,10.  Measurements of body water or of tritium and
deuterium are unsuitable for field experiments, because
they require several days to determine body water turn-
over rate, and persons using the techniques need special
equipment to analyze the tritium and deuterium2.  The
urea dilution technique is a reliable and practical method
for analyzing the kinetics of body water, protein and fat8,
because urea is inexpensive and the technique needs only
12 min. 

There is little information available about body
composition of Thai native cattle and buffaloes.  The
objective of this study was, firstly, to evaluate the differ-
ence of body composition among Holstein cattle, Thai
native cattle and swamp buffaloes using the urea dilution
technique in Thailand.  Additionally, we attempted to
clarify the effect of 48 h of water deprivation on the
change of body composition.

Materials and methods

The experiment was conducted at the Khon Kaen
Animal Nutrition Research and Development Center
(KKANRDC), Khon Kaen, Thailand.  Four female Hol-
stein cattle (Holstein, average body weight 359 ± 14 kg, 6
years old), four castrated male Thai native cattle (Native,
257 ± 13 kg, 4 years old) and four castrated male swamp
buffaloes (Buffalo, 543 ± 32 kg, 7 years old) were used in
this study.  The Holstein cattle were multiparous, not
pregnant and not lactating.  After a 10-day preliminary
period, the experiment lasted 3 days, consisting of a 1-
day control period followed by 2 days of water depriva-
tion.  Each animal was allocated an individual pen during
the experiment.  Rice straw was fed throughout the

experiment.  The body weight of each animal was mea-
sured twice, before and after the dehydration.

Urea space measurement

Composition of water, fat and protein in the body
was estimated from urea space procedures as described
by Preston and Koch11.  Animals were fitted with jugular
catheters (0.9 m length, 16 gauge o.d.) immediately prior
to urea infusion.  The first urea space measurement was
conducted from 14:00 to 16:00 just before dehydration,
and the second measurement was conducted from 14:00
to 16:00 after 2 days of dehydration.  Catheters were
flushed with heparin (20 IU/mL) in physiological saline
(9 g/L of NaCl) and kept capped overnight with 100 IU/
mL of heparin in physiological saline.  A 10-mL blood
sample was drawn into a heparinized tube before urea
infusion to determine the baseline values of urea.
Approximately 130 mg of urea/kg BW in a solution of
200 g/L of sterile saline was infused over 2.5 min.  Time
was recorded at the start and end of infusion.  The cathe-
ter was then flushed with 10 mL of heparinized saline.
The cylinder containing the urea solution was weighed to
the nearest 0.1 g before and after infusion to determine
gravimetrically the dose of urea.  A 10-mL blood sample
was drawn from the jugular catheter up to 12 min follow-
ing the midpoint of infusion.  Urea space measurements
for each animal were determined before and after dehy-
dration.  Blood was kept on ice and then centrifuged, and
plasma was decanted and frozen at –10ºC until analysis.
Urea nitrogen in plasma was analyzed using diagnostic
kits (Biotech Reagent, Thailand) based on the enzyme-
calorimetric method. 

Urea space (US) was determined by the change in
plasma urea nitrogen concentration before and 12 min
after the midpoint of an intravenous infusion of urea.  US
was calculated by the following equation: US (kg) =
[dose of urea N (mg/100 mL)] / [change in plasma urea
(mg/100 mL) × 10].  Empty body components also were
expressed as a percentage of full-fed BW (live weight;
US%EB).  Empty body water (EBH2O), empty body pro-
tein (EBPRO) and empty body fat (EBFAT) were esti-
mated by the following equations: EBH2O = 20.6 + 0.93
US, EBPRO = –1.2 + 0.31 US, EBFAT = –19.8 + 0.30
US6.  Empty body weight (EBW) was estimated by
assuming that empty body ash was 5%12; EBW =
(EBH2O + EBPRO + EBFAT) / 95 × 100.  The rate of
decreased body composition was calculated by the equa-
tion; the rate of decreased empty body composition (%) =
(empty body composition before dehydration – empty
body composition after dehydration) / empty body com-
position before dehydration.
388 JARQ  40 (4)  2006



Evaluation of Body Composition Using Urea Space
A general linear model14 was used to analyze the
effects of animal species and dehydration.  The signifi-
cant difference among animals was determined using an
F-test.

Results and discussion

1. The differences of body composition among 
Holstein cattle, Thai native cattle and swamp 
buffaloes before dehydration

Our experiment was conducted in February 2001,
the mean environmental temperature was 23.1ºC (the
range was from 17.3 to 30.6ºC), and the mean environ-
mental relative humidity was 61.8%.  The empty body
composition (water, protein and fat) of animals before
dehydration is shown in Table 1.  Before dehydration, the
percentage of EBPRO compared to empty body weight
was similar among Holstein, Native and Buffalo (18.7,
18.6 and 18.8%, respectively).  The percentage of
EBH2O was the highest in Native (Holstein, Native and
Buffalo; 65.8, 68.1 and 63.2%, respectively), while the
percentage of EBFAT was the highest in Buffalo (Hol-

stein, Native and Buffalo; 10.6, 8.4 and 13.1%, respec-
tively). 

There was no data for body composition of Thai
native cattle or swamp buffaloes available; however,
there was some data for that of Holstein cattle, and so we
have attempted here to compare the body composition of
Holstein cattle with those of established data.  Hammond
et al.6 reported the percentage body composition of Hol-
stein steers from a slaughter-balance trial.  They demon-
strated that means (and ranges, minimum to maximum)
for body weight and percentages of EBH2O, EBPRO and
EBFAT were 300.0 kg (143.0 to 404.0 kg), 66.1% (62.0
to 72.9%), 18.5% (16.6 to 19.5%), and 10.1% (5.4 to
14.3%), respectively.  Velazco et al.16 examined carcass
proportions of Holstein steers at 3, 6, 9, and 12 months of
age.  The means (and ranges) for body weight and per-
centages of EBH2O, EBPRO and EBFAT were 281.2 kg
(99.8 to 464.7 kg), 66.4% (57.8 to 75.8%), 19.0% (16.9
to 20.7%), and 13.8% (2.6 to 24.6%), respectively.  Our
results for the percentage of EBH2O, EBPRO, and
EBFAT (18.7, 65.8 and 10.6%, respectively) of female
Holstein did not differ from their carcass proportion data.

Table 1.  Empty body composition of animals before and after dehydration

Holstein Native Buffalo SE Probability

Before dehydration
Body weight (kg) 359.0b 257.5c 550.0a 23.6 0.0003 
Weight (kg)

EBH2O 163.7b 132.5c 230.8a 8.6 0.0005 
EBPRO 46.5b 36.1c 68.9a 2.9 0.0005 
EBFAT 26.4b 16.3c 48.0a 2.8 0.0005 
EBW 249.0b 194.7c 366.0a 15.0 0.0005 

Rate of EBW (%)
EBH2O 65.8b 68.1a 63.2c 0.3 0.0001 
EBPRO 18.7b 18.6c 18.8a 0.0 0.0012 
EBFAT 10.6b 8.4c 13.1a 0.3 0.0001 

After dehydration
Body weight (kg) 321.8b 234.8c 487.3a 23.7 0.0008 
Weight (kg)

EBH2O 145.4b 116.2c 195.5a 6.5 0.0016 
EBPRO 40.4b 30.7c 57.1a 2.2 0.0005 
EBFAT 20.5b 11.0c 36.6a 2.1 0.0005 
EBW 217.1b 166.2c 308.8a 13.8 0.0016 

Rate of EBW (%)
EBH2O 67.0b 70.0a 64.4c 0.4 0.0013 
EBPRO 18.6b 18.5c 18.8a 0.0 0.0016 
EBFAT 9.4b 6.6c 11.8a 0.4 0.0013 

EBH2O: Empty body water.  EBPRO: Empty body protein.  EBFAT: Empty body fat.  EBW: Empty body weight.
a,b,c: Means in the same row with different superscripts differ (P < 0.05). 
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Reid et al.12 presented that the proportional relation-
ships among body components of beef and dairy cattle do
not differ.  Wells and Preston17 also indicated that there
were no differences observed using the general breed
type specification of Bos indicus L. cross and Bos taurus
L. cross steers for empty carcass fat, and that beef cattle
of different breed types may be accurately evaluated with
urea dilution.  In this study, we used the prediction equa-
tions made by Hammond et al.6.  The estimates of body
composition in each animal of this study generally agreed
with the results of others6,12,15. 

Our results indicated that differences may not be due
to the difference of animal species, but due to their
mature size or sex.  Chantalakhana3 reported that the
mature body weight of swamp buffaloes in Thailand was
from 404 to 600 kg.  On the other hand, the mature body
weight of Thai native male cattle was not clear, though
the average mature weight of Bos indicus L. is about 450
kg13.  Additionally, the mature weight of small breed Hol-
stein female cattle is about 450 kg9.  Therefore, the buffa-
loes we studied were considered to be mature, while the
native and Holstein cattle in our study had not reached
mature weight.  Because the percentage of EBH2O is
higher and the percentage of EBFAT is lower in young
animals, the percentage of EBFAT in Buffalo was higher
than in Native and Holstein in this study. 

2. The effects of dehydration on body composition 
among Holstein cattle, Thai native cattle and 
swamp buffaloes

The empty body composition (water, protein and
fat) of animals after dehydration is shown in Table 1.
The percentage of EBPRO was similar among Holstein,
Native and Buffalo (18.6, 18.5 and 18.8%, respectively);
however, the percentage of EBFAT (9.4, 6.6 and 11.8%,
respectively) decreased instead of EBH2O (67.0, 70.0 and
64.4%, respectively) increasing in all animals (Table 1).

The changes of empty body composition by dehy-

dration are shown in Fig. 1.  After 2 days of dehydration,
mean BW decreased in Holstein, Native and Buffalo
(37.8, 22.8 and 63.0 kg, respectively).  The rate of
decreased empty body water, protein and fat were not dif-
ferent among Holstein, Native and Buffalo, however, not
only water but also protein and fat were mobilized in all
animals.  It is considered that the changes of EBPRO and
EBFAT indicate mobilization of body tissue, and that
they reflect nutrient balance of each animal.  According
to Devendra5, the swamp buffalo probably has an inher-
ent capacity to utilize dietary fiber relatively more effi-
ciently than cattle can.  Kawashima et al.7 reported also
that the digestibility of fiber and utilization of energy
tended to be higher in buffaloes than in cattle when low-
quality roughage was given.  However, the mobilized rate
of protein and fat to empty body weight was not different
in each animal; it could not clarify the difference of nutri-
ent balance among animal species.  The mobilized weight
of EBH2O was about 3 times that of EBPRO or EBFAT in
each animal.  The percentage of mobilization was higher
in EBFAT than that in EBPRO, which suggested that it
was faster to mobilize body fat than body protein. 

Conclusion

From this study, it could be concluded that the urea
dilution technique is a simple and reliable method and
that the technique could provide useful information about
body composition of ruminants in Southeast Asia.
Before dehydration, the percentage of EBPRO was simi-
lar among animals.  The percentage of EBH2O was the
highest in Thai native cattle, while that of EBFAT was the
highest in buffalo.  However, the differences may not be
due to the difference of animal species, but rather to their
age or sex.  The 48 h of water deprivation affected the
mobilization of body fat and protein, but there was no
significant difference among animal species in the
change of empty body composition. 

Fig. 1.  The changes of empty body composition by dehydration 
Means and SE.  (a) EBH2O: Empty body water,  (b) EBPRO: Empty body protein,  
(c) EBFAT: Empty body fat.
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