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Effect of transport on feeder calves

N. A. Cole, PhD; T. H. Camp, MS; L. D. Rowe, Jr., DVM; D. G. Stevens, PhD; D. P. Hutcheson, PhD

SUMMARY

One hundred fifty feeder steers (mean body weight, 195
kg) were assigned to 1 of 3 transport groups and were
deprived of feed and water (fasted) for 24 hours. Addi-
tionally, calves were transported on a commercial live-
stock trailer for 0 (control-fasted only), 12 (short hau!),
or 24 (long haul) hours. Blood samples were obtained from
the jugular vein before calves were loaded on the trans-
port vehicle and immediately after calves of the long-haul
group returned to the research feedlot. Complete blood
counts were performed and 32 mineral, enzyme, and bio-
chemical constituents were measured. Calf morbidity,
mortality, and average daily weight gain were evaluated
during the next 56 days. Duration of transport did not
affect average daily gain; however, calves of the short-
haul group had significantly (P < 0.05) higher morbidity
and mortality than did those of the control and long-haul
groups. In all groups, results of differential leukocyte
counts were indicative of stress response. Significant (P
< 0.05) linear contrasts were observed between duration
of transport and erythrocyte, leukocyte, segmented neu-
trophil, lymphocyte, and eosinophil counts and results of
serum enzyme (alanine transaminase, hydroxybutyrate
dehydrogenase, total lactate dehydrogenase [LD],and LD-
1, LD-3, and LD-4 isoenzymes), iron, urea nitrogen, ~-glob-
ulin, glucose, and urea nitrogen-to-creatinine ratio deter-
minations. Significant (P < 0.05) quadratic contrasts were
observed between duration of transport and serum un-
saturated iron binding capacity, total iron binding capac-
ity, and LD-5percentage. Calf source had a significant (P
< 0.05) effect on almost all variables tested. Results in-
dicated that transport is a stressful event to feeder calves;
however, other factors, possibly related to the timing of
stress events or adaptation to several different stressors
during a short period, may have a greater effect on feeder
calves' subsequent health.

In the southwestern United States, large numbers of
feeder calves are transported long distances from cow-calf
producing areas to feedyards. Generally, these calves are
purchased, within several days of weaning, by an order
buyer at small local auctions, are transported to the order
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buyer's facility (where they are kept until a sufficient
number are obtained to fill the purchase order), and then
are transported to the feedyard. This combination of nu-
merous stressors and exposure to viral and bacterial
pathogens can lead to high frequency of bovine respira-
tory tract disease.

Transportation stress alters rumen function,1,2 serum
biochemical constituents,1-3 and serum cortisol
concentration3 more than does fasting alone. These
changes, however, may be dependent on the duration of
the transport period. In addition, compared with fasting
alone, transportation increases weight loss4 and nitrogen
excretion.2 Using records from commercial feedyards,
Schake et al5 reported that the distance calves were hauled
from the sale barn to the feedyard was related signifi-
cantly to the number of days calves were affected ad-
versely. Their analysis, however, only included calves
transported for < 5 hours. The study reported here was
designed to determine the effects of duration of transpor-
tation on weight loss (shrinkage), health, performance
(daily weight gain and gain-to-feed ratio), and hemato-
logic and serum biochemical constituents offeeder calves.

Materials and Methods
Calves and experimental design-One hundred fifty feeder

calves (mean body weight, 195 kg) were purchased at a cattle
auction in Amarillo, Tex. All calves originated from 6 ranches
in the local area and had been at the auction facility for 3 days.
Mter purchase, calves were transported 32 km to the USDA
Texas Agricultural Experiment Station research feedlot at
Bushland, Tex. Mter a 6- to 8-hour rest period, calves were
individually weighed and ear tagged, rectal temperature was
recorded, and blood samples were obtained. Calves were iden-
tified by ranch of origin, assigned to 3 groups of 50 calves each,
and placed in separate pens. Calves from each ranch were rep-
resented equally in each transport group. Calves were provided
alfalfa hay and water ad libitum for 18 hours. At 8 AMthe next
day, calves from 2 groups (long and short haul) were loaded
onto a double-decked livestock trailer and transported for 12
hours (800 km). Mter returning to Bushland, calves of the short-
haul group were unloaded and placed in their assigned pens
without feed and water (fasted). The long-haul group was trans-
ported for an additional 12 hours (total, 1,600 km) before being
unloaded and fasted. Control calves (fasted only) were kept in
a pen without feed and water during the 24-hour transport pe-
riod. When the long-haul group of transported calves arrived at
Bushland, calves within each treatment group were assigned to
12 pens with fence-line feed bunks (4 pens/treatment group).
Each calf was weighed, a blood sample (from the jugular vein)
was obtained, and rectal temperature was recorded. Transport
groups were rotated, so that the average time from unloading
to weighing and blood sample collection was equal for all treat-
ment groups.

For 56 days, all calves were fed a 40% roughage6 diet ad
libitum. Calves were weighed on days 7,14,28,55, and 56. The
final weight was determined from the mean of the weights on
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days 55 and 56. Calves were observed daily for signs of bovine
respiratory tract disease (anorexia, nasal discharge, ocular dis-
charge, depression, diarrhea), and those subjectively deter-
mined to be affected were moved to hospital pens and treated
with antibioticsa for at least 3 days or until they were considered
healthy enough to return to their assigned pen. Calves that died
were transported to the Texas A&M Veterinary Diagnostic Lab-
oratory at Amarillo, Tex, for necropsy and histologic and mi-
crobiologic examinations to determine the cause of death.

Blood analysis-A blood sample obtained from the jugular
vein of each calf was divided into 3 portions and placed in 3
separate tubes: 1 containing 15 mg of dry sodium edetate/l0 ml
of blood, a 2nd containing 3.8% sodium citrate solution (1 part
citrate solution/9 parts of blood for fibrinogen determination),
and a 3rd containing no additive. The 3rd portion was allowed
to clot at 20 C for 30 minutes, and serum was obtained after
centrifugation at 2,000 x g for 25 minutes. All hematologic
procedures, except reading of blood smears, were performed im-
mediately after sample collection in the tubes containing so-
dium edetate as anticoagulant. Total RBCand WBCcounts were
determined by use of an electronic particle counter.b Hemoglo-
bin concentration was measured by use of a hemoglobinometer,C
and PCV was determined directly by centrifugation.d Serum
specimens for determination of lactic dehydrogenase (LD) and
a-hydroxybutyric dehydrogenase (HBD) activities, iron concen-
tration, and total and unsaturated iron binding capacities (TIBC
and UIBC, respectively) were stored at approximately 20 C and
were analyzed within 72 hours after collection. Serum for other
biochemical determinations was kept frozen until analyzed.
Serum concentrations of Ca, Mg, Na, and K were determined,
using an atomic absorption spectrophotometer.e Serum LD iso-
enzyme and protein fractions were separated according to their
electrophoretic mobility on cellulose acetate plates and were
quantitated densitometrically after appropriate preparation.r.h
Serum TIBC and UIBC,i HBDj and total LDk activities, and iron
concentration were determined, using commercially available
reagents and semiautomated equipment} Methods used for fi-
brinogen (analyzed in citrated plasma specimens),7 serum cor-
tisol,S and remaining biochemical determinations9 were performed
as previously described.

Statistical analysis-Absolute blood constituent concentra-
tions were analyzed statistically by analysis of variance as a
split plot in time, with the subplot being time of blood sample
collection. The main plot was analyzed as a 6 x 3 factorial
arrangement of treatments. Sources of variation included in the
model were ranch of origin, duration of transport, ranch x
transport duration, sample collection time, and all possible sam-
ple collection time x main plot interactions. Calf (source x
duration of transport) was used as the error term for the main
plot. Performance data and changes in blood, plasma, and serum
constituents during transport and/or fasting were analyzed sta-
tistically by analysis of variance as a 6 x 3 factorial arrange-

.Erythromycin, Ceva Laboratories, Inc, Overland Park, Ran.
b Model ZBI, Coulter Electronics Inc, Hialeah, Fla.
C Hemoglobinometer, Coulter Electronics Inc, Hialeah, Fla.
d International IEC microcapillary centrifuge, model MB, International Equip.

ment Co, Needham Heights, Mass.
e Model 403, atomic absorption spectrophotometer, Perkin-Elmer Corp, Nor-

walk, Conn.
r LV Isoenzyme electrophoresis procedure No.6, revised 6/82(5), Helena Labo-

ratories, Beaumont, Tex.
· Serum protein electrophoresis procedure No. I, 12177, Helena Laboratories,

Beaumont, Tex.
h Quick Scan electrophoresis densitometer No. 1020, Helena Laboratories,

Beaumont, Tex.
; Bulletin No. 565, revised June 1980, Sigma Chemical Co, St Louis, Mo.
j HBD Reagent Set, Gilford Diagnostics, Cleveland, Ohio.
k Statzyme LDH (L-P) reagent, Worthington Diagnostics, Division of Millipore

Corp, Freehold, NJ.
I Model 3500, computer directed analyzer, Gilford Instrument Laboratories Inc,

Oberlin, Ohio.
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TABLE 1-Shrinkage, health status, and performance of calves transported
for 0, 12, or 24 hours

Rectal temperature
before transport (C) 39.1 39.0 39.0 0.07 NS

Rectal temperature (C)t 0.55 0.50 0.34 0.06 NS
Mortality (%) 4 24 8 . . . Q·Grams of weight gain per kilogram of feed dry matter consumed. t Increase
in rectal temperature during transport and/or fasting.

oc = orthogonal contrasts, NS = not significant, L = linear, Q = quadratic (P
< 0.05).

ment of treatments. Transport effects were compared by linear
and quadratic orthogonal contrasts. All analyses were con-
ducted, using the general linear models procedure of a comput-
erized statistical analysis system.10 Differences were considered
statistically significant at P < 0.05.

Results

Mean initial weights were similar for all transport
groups (Table 1). Transportation caused a significant (P
< 0.05) increase in shrinkage, compared with fasting alone;
most of the shrinkage took place during the first 12 hours
of transport. Transportation stress quadratically (P < 0.05)
affected average daily gain and gain-to-feed ratio during
the first 28 days in the feedlot, but did not affect these
variables at 56 days. Of 51 calves treated for respiratory
tract disease, 18 died. In the 18 calves that died, microbial
agents isolated from the lungs included Pasteurella hae-
molytica (n = 12 calves), P multocida (n = 4 calves),
Haemophilus somnus (n = 2 calves), Corynebacterium py-
ogenes (n = 4 calves), and bovine viral diarrhea virus (n
= 8 calves). Calves of the short-haul group had higher
morbidity and mortality than did calves of the control
and long-haul groups. Calves of the short-haul group also
tended to become affected and to die sooner than did calves
of the other groups (Fig 1 and 2); however, the principal
differences in morbidity and mortality took place after
day 5. Few calves of the control and long-haul groups
became affected after day 5; however, > 50% of the mor-
bidity in the short-haul group took place after day 5. A
similar trend was observed for mortality.

Complete blood count results are given in Table 2.
Transport duration did not affect PCV, hemoglobin con-
centration, RBCindices, or the absolute numbers of band
cells, monocytes, or basophils. Numbers of RBC,WBC,seg-
mented neutrophils, lymphocytes, and eosinophils were
linearly (P < 0.05) affected by duration of transport.

Serum iron concentration was linearly (P < 0.05) af-
fected and UIBC and TIBCwere quadratically (P < 0.05)
affected by duration of transport (Table 3). Serum Ca, Mg,
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Duration of transport (h)

Variable (units) 0 12 24 SEM oc

Weight before transport (kg) 193 194 197 3.5 NS
Shrinkage (kg) 9.8 13.6 14.9 0.44 L
Shrinkage (%) 5.1 7.0 7.6 0.21 L

Average daily gain from weight before transport (kg)
Week 2 0.31 0.04 0.60 0.47 Q
Week 4 0.99 0.84 1.20 0.16 Q
Week 8 0.96 0.94 1.06 0.19 NS

Dry matter intake (kg/head/day)
Week 4 4.1 3.7 4.6 0.62 NS
Week 8 5.3 5.2 6.0 0.42 NS

Gain-to-feed ratio'
Week 4 241 225 258 26 Q
Week 8 182 182 176 12 NS

Morbidity (%) 22 54 26 ... Q
Days ill 1.48 3.34 1.62 0.29 Q










