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1 . S U M M A RY

The present study evaluated the effects of fasting animals for 8
hours prior to an 8-hour road journey and their ability to cope with
the stress of transport.There was no significant difference in rectal
body temperature, pre and post transport and there were no 
significant differences in liveweight among treatments on days 0
(pre-transport), 1, 4 and 10 (post-transport). Bulls (230kg) under-
going an 8-h transportation at stocking densities of 0.82 m2 /animal
showed physiological and haematological responses that were 
within normal referenced ranges. Animals that were fasted for 
8-hours and then transported lost 9.4% bodyweight following the 
8-hour journey, while non-fasted and transported animals (NF+T)
lost 7.2%. The control animals remaining at grass and non-fasted
(NF+G) gained 2%.The animals that were fasted continuously and
not transported (F+F) and the non-fasted control animals that were
fasted for 8 hours (NF+F) lost 6.1% and 6.2% respectively.

There was no significant change in globulin, glucose, urea, haemo-
globin, beta-hydroxy butyrate, fibrinogen concentrations, haemat-
ocrit and monocyte percentages, monocyte and red blood cell num-
bers, platelet numbers among treatments prior to or after transport.
The % lymphocytes were reduced in the fasted and non-fasted
transported animals and post-transport and there was no significant
change in lymphocyte numbers. The % of neutrophils and the 
number of neutrophils were significantly increased in the fasted and
non-fasted transported animals. Baseline protein concentrations
were significantly lower in the non-fasted and transported and non-
fasted then fasted treatments initially. Following transport, protein
concentrations were significantly higher in the fasted and trans-
ported treatment compared with the non-fasted animals at grass.

White blood cell (WBC) numbers were not significantly differ-
ent prior to transport. Following transport, the WBC numbers were
significantly higher in the fasted and transported treatment com-
pared with the non-fasted at grass, fasted and then fasted, and the
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non-fasted and fasted treatments. Albumin concentrations were 
significantly higher following transport in the F+T treatment com-
pared with the NF+G, F+F, and NF+F treatments and the NF+T
treatment had significantly lower albumin levels than the F+T and
NF+F treatments. Haptoglobin concentrations were not significant-
ly different prior to transport. Following transport, haptoglobin con-
centrations were significantly higher in the F+T compared with the
NF+G treatment. Lactate concentrations were significantly higher in
the F+T and NF+T compared with the NF+G, F+F, and NF+F treat-
ments following transport.

In conclusion, from the physiological and haematological 
measurements, an 8 hour journey time, even without access to feed
for 8 hours prior to transport did not impact negatively on animal
welfare.
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2 . I N T R O D U C T I O N

The transport of livestock can have major implications for their wel-
fare, and there is strong public interest and scientific endeavour
aimed at ensuring that the welfare of transported animals is optimal.
Current EU Directives on animal welfare during transportation
require cattle to be fed every 24 hours (CEC 1991), and there is
expert opinion that the feeding interval during transport should be
reduced to 12 hours (Scientific Committee on Animal Health and
Animal Welfare 2002). One of the concerns regarding cattle trans-
port is that the handling and marketing of animals prior to a journey
may lengthen the period of feed withdrawal (Warriss 1990).These
periods of pre-movement/transport fasting can be difficult to 
control, yet there is ample evidence that extended periods of feed
withdrawal can result in bodyweight loss and reductions in meat
quality in animals that are transported to slaughter (Bass and
Duganzich 1980, Smith and others 1982).

Furthermore, feed withdrawal can impact on animal welfare
(Warriss 1992), through hunger and metabolic stress. Increases in
plasma concentrations of metabolic markers such as lactate, beta-
hydroxybutyrate and urea have been used to measure the metabolic
impacts of transport in cattle (Warriss and others 1995).Alterations
in immune function are an additional potential impact of transport
that are particularly relevant to younger animals (Blecha and others
1984, Phillips and others 1989), and illness in young cattle following
road haulage is not uncommon and is due to transport or mixing of
groups from many sources.

Although recommendations in Europe are to minimise the dura-
tions of periods without feed for transported cattle, conversely, in
some countries, such as New Zealand, there are recommendations
that livestock should be fasted for 4 to 6 hours before a journey
(Anonymous, 1994), with a view to reducing faecal output during
transport, and thereby facilitating a more comfortable journey.
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3 . O B J E C T I V E S

Given the practical difficulties in ensuring that all marketed cattle
have only a minimal feed withdrawal period before subsequent
transport, the aim of this study was to investigate the effects of an
8-hour fast, prior to an 8-hour transport journey, on the physiolog-
ical and haematological responses of 8-month old cattle.
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4 . M AT E R I A L S A N D M E T H O D S

The study utilised ninety-two 8-month-old Friesian bull calves that
had a mean initial bodyweight of 229.6 ± 32.9 kg and were managed
at pasture. The experimental treatments were based around an 
8-hour pre-transport fasting period, followed by an 8-hour road
journey. The treatments were: 1), Fasted and transported (F+T)
(N=20); 2). Non-fasted and transported (NF+T) (N=18); 3). Non-
fasted at grass (NF+G) (N=18); 4). Fasted then fasted (F+F) (N=18),
and 5), Non-fasted then fasted (NF+F) (N=18). The animals that
were subjected to the pre-transport fasting period were removed
from the grazing area to a sacrifice paddock with no access to grass
but with access to water.The animals that were not transported but
were fasted during the transport period (F+F; NF+F) were also held
in the same area.

The transported bulls were carried on the lower deck of an air
sprung articulated transporter (total area = 30.96m2) which was
equally divided into 4 fan ventilated pens at a stocking density of
0.82m2/animal. The journey commenced at 21:45, and consisted of 
4 hours of travel, followed by a 1-hour rest period, followed by a
further 4 hours’ travel to the point of origin. The total journey
(474km) involved a combination of road surfaces ranging from
motorways, secondary roads to small country lanes.

All the animals were blood sampled by jugular venepuncture
immediately before the transport period (day 0; Sample 1), and again
at the end of the transport period (Sample 2).
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5 . P H Y S I O L O G I C A L , H A E M AT O L O G I C A L

A N D I M M U N O L O G I C A L V A R I A B L E S

5.1 Body temperature (Rectal and surface)
Rectal temperatures were recorded using a digital thermometer
(Jorgen Kruuse A/S; Model VT-801BWC Lot No 0701) prior to
transportation on day 0 and days 2, 3, 5, 7, 9, 11 and 38 of the study.
The surface body temperatures (°C) (shoulder, rump, belly) of all
animals was recorded using a hand help laser device (Raytek MX
series 16 point laser, Radionics, Dublin, Ireland) on completion of
the 12-hour journey.

5.2 Methodolgy for physiological, haematological and
immunological variables.
Blood samples collected by jugular venepuncture and placed into
heparinised tubes were centrifuged and the plasma separated for
subsequent analysis of: cortisol, glucose, lactate, free fatty acids,
βeta-hydroxy butyrate (βHB), urea, total protein, albumin, creatine
phosphokinase (CPK), lactate dehydrogenase (LDH), and the acute
phase proteins (fibrinogen and haptoglobin). Blood samples for
interferon-γ determination were collected by jugular venepuncture
into aseptic vacutainer tubes containing lithium heparin and the
stimulated lymphocyte production of interferon-γ was determined
following whole blood culture of heparinised samples using an
ELISA procedure (CSL, Biosciences, Parkville,Victoria,Australia).The
haematological variables (red blood cell number (RBC), haemoglo-
bin (Hb), haematocrit (packed cell volume (PCV)), mean cell volume
(MCV), total white cell (TWC) count, % granulocytes, % monocytes,
platelet number, percentage lymphocytes) were determined for
unclotted (K3-EDTA) whole blood samples using an electronic 
particle hematology analyser (CellDyn 3500 Analyser (Abott).
Plasma cortisol concentrations were determined using a commer-
cially available RIA kit. Plasma haptoglobin concentrations were
measured by determining the haemoglobin-binding capacity using a
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biochemical autoanalyser (Skinner and Roberts, 1994). Fibrinogen
concentrations are measured using a commercial biochemical assay
kit (Boehringer Mannheim, Germany).All other physiological meas-
urements were made using Randox assay procedures.
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6 . S TAT I S T I C A L A N A LY S I S

SAS/STAT® software was used to analyse the data. Pre-planned,
matched pair t-test to detect changes over time were made using
PROC MEANS, the null hypothesis being that the mean difference
between selected time points was equal to zero. The PROC GLM
repeated measures option was used to test the effects of treatment
while controlling for time effects. Analysis was performed on the
rank scores of variables that failed the test for normality.
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7 . R E S U LT S A N D D I S C U S S I O N

7.1 Environmental conditions; temperature, relative
humidity during transport
The relative humidity (RH percentage) recorded in the transporter
ranged from 74.5 – 94.4%, while the temperature ranged from 11.0
– 15.4°C. The ambient relative humidity and ambient temperature
of the transporter ranged from 74.5 – 94.4% and 11.0–15.4°C,
respectively. The percentage carbon dioxide, wind velocity and
vapour density recorded during transport were 0.06–0.11%;
0.26–0.50m/s and 8.6–13.8td°C respectively. The ambient relative
humidity and ambient temperature of the environment ranged from
82.8 – 99.8% and 9.9 – 14.5°C, respectively.

7.2 Liveweight 
The changes in liveweight are shown in Table 1.There were no sig-
nificant differences in liveweights among treatments on days 0 (pre-
transport), 1 (post-transport), 4 and 10.

Animals fasted and then transported lost 9.4% bodyweight 
during the 8-hour journey, while NF+T animals lost 7.2%. The 
animals remaining at grass (NF+G) gained 2%. The F+F and NF+F
treatments lost 6.1% and 6.2%, respectively. By Day 10 of the study,
the liveweights of all the animals were significantly higher than their
pre-transport values.

7.3 Body temperature and Surface Temperature
There were no significant differences in rectal body temperature
and surface temperatures among treatments on days 0 (pre-
transport) (Table 2 and Table 3). Following transport NF+T animals
had significantly lower body temperature when compared with pre-
transport values and NF+G and NF+F animals had significantly
lower rectal body temperature when compared with baseline 
values. On Day 10 of the study, there were no significant differences
in rectal body temperature among treatments, however, readings
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were significantly lower for F+T animals, higher for NF+G, F+T and
NF+F animals compared with pre-transport baseline readings.

7.4 Physiological, haematological and immunological
variables

7.4.1 Globulin
There was no significant change in globulin concentrations among
treatments prior to or after transport (Table 4). Using a paired 
t-test comparison of sample 2 with sample 1 for each treatment,
globulin concentrations were significantly higher in the F+T, NF+T,
and NF+F treatments.

7.4.2 Glucose
There was no significant change in glucose concentrations among
treatments prior to transport (Table 4). Plasma glucose concentra-
tions were significantly higher post-transport in the F+T and NF+T
treatments. Using a paired t-test comparison of sample 2 with 
sample 1 for each treatment, glucose concentrations were signifi-
cantly higher in the F+T, NF+T, and F+F treatments.

7.4.3 Haemoglobin
There was no significant change in Haemoglobin concentrations
(Table 4), among treatments prior to or after transport. Using a
paired t-test comparison of sample 2 with sample 1 for each treat-
ment, haemoglobin concentrations were significantly higher in the
F+T, NF+T, and F+F treatments.

7.4.4 Mean cell haemoglobin (MCH), mean cell haemoglo-
bin concentration (MCHC) and mean cell volume (MCV)
There was no significant change in mean cell haemoglobin (MCH),
mean cell haemoglobin concentration (MCHC) and mean cell volume
(MCV) among treatments prior to or after transport (Table 5).

7.4.5 Lymphocyte % and Numbers
The % lymphocytes were reduced in the transported animals (F+T
and NF+T) post-transport and there was no significant change in
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lymphocyte numbers (Table 6). Using a paired t-test comparison of
sample 2 with sample 1 for each treatment, the lymphocyte % was
significantly lower in the F+T, NF+T and the F+T treatments and the
number of lymphocytes were significantly decreased in the F+T,
NF+T, NF+G and NF+F treatments.

7.4.6 Neutrophils % and Numbers
The % of neutrophils and the number of neutrophils were signifi-
cantly increased in the F+T and NF+T animals after transport (Table
7). Using a paired t-test comparison of sample 2 with sample 1 for
each treatment, the % neutrophils was significantly increased in the
F+T and NF+T treatments and decreased in the F+F treatment.

7.4.7 Platelets
There was no significant change in platelet numbers among treat-
ments prior to or after transport (Table 7). Using a paired t-test
comparison of sample 2 with sample 1 for each treatment, platelet
numbers were significantly higher in the F+T, and lower in the NF+F
treatments.

7.4.8 Protein
Baseline protein concentrations were significantly lower in the
NF+T and NF+F treatments at sample 1 (Table 8). Following trans-
port, protein concentrations were significantly higher in the F+T
treatment compared with the NF+G treatment. There was no 
significant change in protein concentrations in the other treatments.
Using a paired t-test comparison of sample 2 with sample 1 for each
treatment, protein concentrations were significantly higher in the
F+T, NF+T, F+F and NF+F treatments.

7.4.9 Haematocrit %
There was no significant change in haematocrit % prior to or after
transport (Table 8). Using a paired t-test comparison of sample 2
with sample 1 for each treatment, haematocrit % were significantly
higher in the F+T, NF+T, F+F treatments and lower in the NF+G
treatment.
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7.4.10 UREA
Urea concentrations were not changed significantly at any time 
during the experiment (Table 9). Using a paired t-test comparison of
sample 2 with sample 1 for each treatment, urea concentrations
were significantly lower in the NF+T treatment.

7.4.11 White blood cell numbers
White blood cell (WBC) numbers were not significantly different
prior to transport (Table 9). Following transport, the WBC numbers
were significantly higher in the F+T treatment compared with the
NF+G, F+F, and NF+F treatments. Using a paired t-test comparison
of sample 2 with sample 1 for each treatment,WBC numbers were
significantly higher in the F+T, NF+T, NF+G treatments and lower in
the F+F and NF+F treatments.

7.4.12 Albumin
Albumin concentrations were significantly lower in the NF+F at
sample 1 (Table 10). Following transport, albumin concentrations
were significantly higher in the F+T treatment compared with the
NF+G, F+F, and NF+F treatments and the NF+T treatment had 
significantly lower albumin levels than the F+T and NF+F treat-
ments. Using a paired t-test comparison of sample 2 with sample 1
for each treatment, albumin concentrations were significantly higher
in the F+T, NF+T and NF+F treatments.

7.4.13 Betahydroxybutyrate (BHB) 
BHB concentrations were not significantly changed at any time 
during the experiment (Table 10). Using a paired t-test comparison
of sample 2 with sample 1 for each treatment, BHB concentrations
were significantly lower in the NF+T and NF+F treatment and 
significantly higher in the F+T and F+F treatments respectively.

7.4.14 Fibrinogen
Fibrinogen concentrations were not significantly different prior to
or after transport (Table 11). Using a paired t-test comparison of
sample 2 with sample 1 for each treatment, fibrinogen concentrations
were significantly lower in the F+T and NF+G treatments.
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7.4.15 Haptoglobin
Haptoglobin concentrations were not significantly different prior to
transport (Table 11). Following transport, haptoglobin concentra-
tions were significantly higher in the F+T compared with the NF+G
treatment. Using a paired t-test comparison of sample 2 with sam-
ple 1 for each treatment, haptoglobin concentrations were signifi-
cantly lower in the NF+G treatment.

7.4.16 Lactate
Lactate concentrations were not significantly different prior to
transport (Table 11). Following transport, Lactate concentrations
were significantly higher in the F+T and NF+T compared with the
NF+G, F+F, and NF+F treatments. Using a paired t-test comparison
of sample 2 with sample 1 for each treatment, albumin concentra-
tions were significantly higher in the F+T, treatment and lower in the
NF+G and NF+F treatments.

7.4.17 Monocyte % and monocyte numbers
The percentage and number of monocytes were not significantly
changed at any time during the experiment (Table 12).

7.4.18 Red blood cell numbers
Red blood cell (RBC) numbers were not significantly different prior
to or following transport (Table 12). Using a paired t-test compari-
son of sample 2 with sample 1 for each treatment, RBC numbers
were significantly higher in the F+T, and NF+F treatments, respec-
tively.
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8 . C O N C L U S I O N

The results suggest that from the physiological and haematological
measurements, an 8 hour journey time, even without access to feed
for 8 hours prior to transport did not impact negatively on animal
welfare. βeta-hydroxybutyrate and urea were not changed at any
time throughout the experiment. The increase in glucose concen-
trations in F+T and NF+T treatments could have been due to 
catecholamine-stimulated glycogenolysis.An increase in neutrophils
and decrease in lymphocyte numbers, increases in white blood cell
counts and glucocorticoid release can be indicative of disease,
inflammation, and many other types of stress. Immune suppression
in calves has been associated with increased plasma cortisol and
acute phase protein (haptoglobin) production (Blecha and Baker,
1986; Murata and Miyamoto, 1993). Haptoglobin production by calf
liver parenchymal cells is inducible with glucocorticoids in vitro
(Higuchi and others 1994). It is interesting to note that haptoglobin
concentrations were significantly higher in the fasted and trans-
ported bulls compared with the non-fasted controls at grass.

The influence of the type of animal transported upon transport-
induced stress response was investigated by Tennessen and others
(1984). In their studies, heart rates, serum cortisol concentrations
and body temperatures were measured over a series of seven 
journeys in bulls (513 kg bodyweight) and steers (473 kg body-
weight). The cortisol response to transport and increase in body
temperature was found to be greater for steers than bulls over 2-h
journeys, and Tennessen and others (1984) reported similar and
minimal overall responses for both sets of animals. In the present
study, bulls (230kg) undergoing an 8-h transportation at stocking
densities of 0.82 m2 /animal showed physiological, haematological
and immunological responses that were within normal referenced
ranges. The effects of the duration of journey on the response of
cattle of different ages to transportation has been the subject of
several studies.
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Mormede and others (1982) showed no consistent cortisol
response to transport in calves transported by road for 3 h, while
calves that were held without feed or water overnight, and 
transported for 8 h showed signs of dehydration by the end of the
journey, and were hypoglycaemic until 1 wk after transport. In the
present study, albumin concentrations increased in the Fasted and
transported bulls following transport with no change in haematocrit
percentages. Kent and Ewbank (1986a) transported calves (1- to 3-
wk-old) by road for either 6 or 18 h. In the present study, the % of
neutrophils and the number of neutrophils were significantly
increased in the F+T and NF+T animals after transport. In compar-
ison with control calves that were not transported, but starved for
18 h, transported calves had increased neutrophil and decreased
lymphocyte numbers. Mormede and others (1982), Kent and
Ewbank (1986a) recorded no evidence of dehydration in calves
transported for up to 18 h, as measured by plasma protein concen-
tration and packed cell volume. Calves transported for 6 h became
hypoglycaemic when they were not fed for a further 12 h, but there
were few biochemical differences and no difference in proportion of
time spent lying between calves transported for either 6 or 18 h
(Kent and Ewbank, 1986a). In a subsequent study (Kent and Ewbank,
1986b), 3-mo-old calves were similarly transported for either 6 or
18 h, or starved for 18 h without being transported. Plasma glucose
concentrations were elevated in transported calves compared with
starved controls, as were plasma cortisol, non-esterified fatty acids
and total white blood cell numbers. Plasma non-esterified fatty acid
concentrations were elevated for longer post transport in calves
transported for 18 h compared with 6 h, but there were no other
differences in biochemical measurements related to journey dura-
tion. Warriss and others (1995) transported steers by road that
were 12- to 18-mo-old, for either 5, 10 or 15 h.There were no dif-
ferences in environmental temperatures experienced by cattle on
the three treatments. Animals that were transported for 5, 10 and
15 h lost 4.6, 6.5 and 7.0% of their BW, respectively; and recovery
to pre-transport BW generally took 5 d. Plasma cortisol concen-
trations were increased by loading, but not by journey duration.
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Only plasma creatine phosphokinase concentrations increased with
journey length, although plasma creatine phosphokinase, urea and
albumin concentrations and plasma osmolality took longer to
recover after longer journeys. It was concluded by Warriss and oth-
ers (1995) that under the conditions of their study, a 15-h journey
by road for 12- to 18-mo-old cattle did not impinge negatively on
the welfare of the animals.

Transportation of cattle has also been associated with the devel-
opment of electrolyte and acid-base imbalances, particularly in
extended journeys where the total fasting time exceeds 2 d (Schaefer
and others 1988); and with the suppression of reproductive function
(Nanda and others 1989). The physiological responses of cattle to
transport have been documented by Leach (1981) while Shaw and
Tume (1992) have reported the effects of preslaughter handling on
the plasma levels of blood constituents.

Transport conditions have the potential to alter the physiological
responses of young bulls to the psychological or physical stress of
transport. In conclusion, the results of this study show that from the
physiological and haematological measurements, an 8 hour journey
time, even without access to feed for 8 hours prior to transport did
not impact negatively on animal welfare.
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Table 1: Changes in liveweight in fasted and non-fasted control and
transported animals.Values are expressed as mean (kg) ± SD
with P values.

Treatment Stat Day 0 Day 1 Day 4 Day 10 

Fasted + transported Mean 227.5 206.1 229.2 239.4
SD 23.74 22.54 23.02 24.64
Compare to Day 1 P = 0.0001 P = 0.1199 P = 0.0001

Non-fasted and Mean 231.2 214.6 230.7 242.9
transported SD 35.52 36.33 32.92 36.78

Compare to Day 1 P = 0.0001 P = 0.7255 P = 0.0001
Non-fasted at grass Mean 226.1 230.1 226.3 239.6

SD 40.56 41.73 40.09 42.3
Compare to Day 1 P = 0.0308 P = 0.9302 P = 0.0001

Fasted then fasted Mean 230.7 216.7 233.6 242.8
SD 29.3 28.33 31.24 30.92
Compare to Day 1 P = 0.0001 P = 0.0261 P = 0.0001

Non-fasted then fasted Mean 233.2 218.8 228.8 240.9
SD 35.78 29.67 30.04 32.26
Compare to Day 1 P = 0.0001 P = 0.1444 P = 0.0043
Tukey Sig. NS NS NS NS

Repeated Sig. P =
Treat 0.9846 
Weight 0.0001 
Trt * Wgt 0.0001 
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Table 2: Changes in rectal body temperature in fasted and non-fasted
control and transported animals.Values are expressed as
mean (kg) ± SD with P values.

Treatment Statistic Day 0 Day 1 Day 10

Fasted + transported Mean 38.6 38.4 37.1
SD 0.458 0.285 0.342
Compare to Day 1 P = 0.1168 P = 0.0006

Non-fasted and Mean 38.8 38.5 39.0
transported SD 0.371 0.347 0.214

Compare to Day 1 P = 0.0103 P = 0.0762
Non-fasted at grass Mean 38.8 38.5 39.0

SD 0.359 0.264 0.289
Compare to Day 1 P = 0.0054 P = 0.0431

Fasted then fasted Mean 38.5 38.5 39.1
SD 0.514 0.246 0.396
Compare to Day 1 P = 0.7745 P = 0.0002

Non-fasted then fasted Mean 38.9 38.6 39.1
SD 0.249 0.486 0.437
Compare to Day 1 P = 0.027 P = 0.0403
Tukey Sig. NS NS NS

NS non significant

Repeated Sig. P =
Treat 0.0987
Body 0.0001 
Trt * Body 0.1034 
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Table 3: Changes in surface body temperature in fasted and non-
fasted control and transported animals (day 1).Values are
expressed as mean (kg) ± SD with P values.

Treatment Stat Shoulder Rump Belly  

Fasted + transported Mean 24.3 23.2 24.0 
SD 3.076 1.95 3.156 

Non-fasted + transported Mean 24.7 22.2 23.8 
SD 5.199 2.677 3.05 

Non-fasted at grass Mean 24.9 25.3 25.7 
SD 2.292 2.234 2.107 

Fasted then fasted Mean 25.5 24.7 24.1 
SD 2.387 4.318 3.999 

Non-fasted then fasted Mean 25.5 24.8 24.0 
SD 2.101 3.047 1.882 
Tukey Sig. NS NS NS 

Repeated Sig. P =
Treat 0.0902
Surface 0.0501
Trt * Surface 0.2618
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