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ABSTRACT: The transport and handling proce-
dures imposed on beef cattle during the normal course
of marketing can be a significant stressor. Factors
including time off feed, water deprivation, mixing and
the resulting behavioral problems, transport move-
ment, unfamiliar noise, inclement weather, and so
forth are often present and collectively result in live
weight and carcass losses as well as degraded meat
quality. In addition, a growing public concern regard-
ing animal welfare in such situations is evident.
Understanding how cattle adapt to and are influenced
by these factors is a necessary first step in being able
to reduce these stresses and a major research effort
globally has been directed toward this end. Studies at
the Lacombe Research Center have focused on under-
standing the role of electrolytes in attenuating trans-
port and handling stress. Apparent in this research

has been the consistent observation that transport and
handling reduce blood pH, glucose concentration, and
interstitial water space ( P < .05), and increases in
serum chloride, hemoglobin, urine sodium, and urine
osmolality ( P < .05) are evident. These changes are
also accompanied by significant increases in the
neutrophile/lymphocyte ratio. The application of oral
electrolyte therapy, especially if similar in consti-
tuents to interstitial fluid, seems to attenuate these
physiological changes. Resulting improvements in
both live and carcass weights (less shrink) of up to
several percent in treated animals as well as a
reduction in meat quality degradation (reduced dark
cutting) is evident in such trials. These studies
suggest that the use of electrolyte therapy may be an
effective means of reducing stress in transported
cattle.
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Introduction

Most athletes recognize that a vigorous workout or
competition can result in the loss of several percent of
body weight. These athletes will also be aware of the
abundant body of scientific and popular press litera-
ture advising them of the physiological requirements
during such activity and the numerous training
regimens teaching the importance of nutritional sup-
port of their bodies during such times. Nutritional
strategies to combat factors including dehydration,
electrolyte loss, hypoglycemia, muscle catabolism, and
fatigue abound. These strategies are recognized and
accepted by most coaches, trainers, and athletes to be
logical approaches to assist with athletic performance
and these nutritional strategies are viewed as simply
another tool for training, no less important than game
tactics or fitness regimens.

By comparison, most domestic animals also ex-
perience physiological insults when they are trans-
ported and handled. Of course, as discussed by Hails
(1978), Fraser (1979), Grandin (1993), Friend et al.
(1994), and Stull and McDonough (1994), our
various codes of practice and humane treatment of
animals legislation are intended to prevent flagrant
abuse of our animals. However, our “pregame meal”
strategies have clearly not evolved to the same level as
with humans. The purpose of the present article is to
review the need for a more sophisticated approach to
nutritional modulation during times of physiological
non-steady state such as when animals are trans-
ported and handled. The current article is intended to
focus on transport and handling stress in domestic
ruminants and primarily refers to issues arising in the
antemortem environment.

Transport and Handling Effects

There are three primary reasons why we would
wish to reduce the stress of transport and handling in
domestic animals. First, transport and handling stress
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reduces live weight and carcass yield. Second, trans-
port and handling stress degrades meat quality, and
third, it could be argued that transport and handling
stress degrades animal well-being. Therefore, there
are both economic and benevolent reasons to attenu-
ate transport and handling stress.

Live and Carcass Weight

When cattle are transported they are usually held
off feed. Feed deprivation alone will clearly cause the
animals to lose weight (Ozutsumi et al., 1984). When
the effects of fasting are combined with the effects of
transport and handling the cattle typically lose more
weight than is observed with fasting alone (Phillips et
al., 1985; Warriss, 1990). In fact, transit shrink in
beef steers is shown to represent as much as 68% of
the shrink resulting from the combined effects of
fasting and transport within 46 h (Phillips et al.,
1985). For example, more weight is generally lost
from cattle moved off pasture (Schaefer et al., 1993;
Church et al., 1994) or transported long distances
(Jacobesen et al., 1993) than from cattle directly
shipped and slaughtered. Clearly, weight loss varies in
an animal depending on the circumstances surround-
ing its treatment. However, in general, it is estimated
that about .75% of farm weight will be lost per day,
although not necessarily in a linear fashion, with feed
and water deprivation (Shorthose and Wythes, 1988),
but this value can increase severalfold when transport
is added (Jones et al., 1988). Noteworthy also, and
contrary to many commonly held beliefs that transport
weight loss is simply gastrointestinal tract fill, is the
observation that much of this loss is actually from
carcass components and not simply gastrointestinal
tract fill (Jones et al., 1988; Warriss, 1990).

Meat Quality

The impact of transport and handling stress on
meat quality has been well documented (Warriss,
1990). Quality attributes primarily affected by trans-
port and handling in cattle include pH, color, texture,
and moisture, and a degradation of these variables is
collectively referred to as dark cutting or dark-firm-
dry, high pH, low glycogen meat (Price and Tennes-
son, 1981; Lacourt and Tarrant, 1985; Lister, 1988;
Tarrant, 1988, 1989; Warner, 1988).

Transport and handling conditions including ex-
posure of animals to such factors as mixing, time off
feed and water, and temperature and weather aberra-
tions are well known to contribute to dark cutting
(Christopherson et al., 1980; Price and Tennessen,
1981; Lacourt and Tarrant, 1985). The need to
minimize preslaughter stress in particular, including
transport and handling stress, are suggested as key
factors in reducing the incidence of dark cutting
(Haurez and Chupin, 1986; Baker, 1988; Tarrant,
1988; Grandin, 1988; Shorthose, 1988; Warner, 1988).

Additional meat quality factors are also affected by
transport and handling stress, particularly in the
antemortem environment. These effects include an
increase in toughness (Schaefer et al., 1990) and a
negative impact on palatability attributes (Jeremiah
et al., 1992; Schaefer and Jeremiah, 1992).

Animal Physiology

Animal welfare and well-being are often difficult
concepts to define. As discussed by Lefcourt (1986),
we are often left with simply defining the clinical
conditions surrounding events. However, the classical,
albeit perhaps dated (Axelrod and Reisine, 1984),
Selyenian view that increased stress is accompanied
by an increase in circulating cortisol is still widely
preferred (Selye, 1956). Transport and handling are
reported to evoke an increase in circulating cortisol
and in this context transport and handling are thus
viewed as stressors (Crookshank et al., 1979;
Stephens, 1980; Locatelli et al., 1987; Mitchell et al.,
1988; Morisse et al., 1988; Murphy and Fordham,
1988; Fordham et al., 1989; Locatelli et al., 1989;
Cockram and Corley, 1991; Scott et al., 1993). These
observations are consistent with the reported findings
of other coinciding cortisol-driven events in trans-
ported cattle such as neutrophile/lymphocyte
responses (Murata et al., 1987; Murata, 1989; Church
et al., 1994) and evoked responses of other stress
hormones such as beta endorphin (Murphy and
Fordham, 1988; Fordham et al., 1989) and thyroxin
(Scott et al., 1993). In fact, based on a comparative
response in circulating corticoid levels, transport and
handling is considered to be one of the most potent
stressors for cattle (Johnson and Buchland, 1976).

An alternative definition of stress is suggested to be
a comparative departure of physiological factors from
“normal” (Lefcourt, 1986). In this context an impor-
tant question arising from the foregoing observations
is, what are the physiological insults accompanying
the loss in weight and degradation in meat quality in
transported and handled animals? Understanding the
nature, magnitude, and etiology of these physiological
changes would clearly enable the animal industries to
make more informed decisions regarding treatment. In
this respect, in addition to the aforementioned endo-
crine factors, a plethora of physiological insults are
documented when animals are transported and han-
dled. Some of the more significant changes are as
follows.

Muscle Glycogen. Transport and handling usually
oblige cattle to a reduced energy intake as well as to
some degree of physical exercise and, occasionally, to
mixing, which in turn can precipitate such events as
fighting and mounting. Such activities deplete muscle
glycogen, especially of the fast twitch fibers (Lacourt
and Tarrant, 1985). In addition, cattle typically
display lower blood glucose levels compared to non-
ruminant animals. This situation usually contributes
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to a lower muscle glycogen content and rate of muscle
glycogen repletion (McVeigh and Tarrant, 1982),
which in part is one of the causative factors in dark
cutting and may also have implications for immune
function (Cole et al., 1993).

Hematology. Transport and handling stress have
been observed to alter numerous blood cell compo-
nents. In general, an increase in packed cell volume is
commonly seen (Fenwick and Green, 1986; Schaefer
et al., 1988, 1990, 1992; Jacobsen et al., 1993) and
likely reflects both a splenic response to stress and a
degree of dehydration. Notable differences in white
blood cell differential counts are also observed. Leuko-
cyte responses in cattle to transport and handling are
frequently reported ( Murata et al., 1987; Cole et al.,
1988; Morisse et al., 1988; Murata, 1989; Jacobsen et
al., 1993; Church et al., 1994). Most commonly, a
leucocytosis and neutrophilia accompanied by a reduc-
tion in T lymphocyte numbers and blastogenesis are
observed (Wegner et al., 1974; Blecha et al., 1984).
Although changes in immunoglobulin G or im-
munoglobulin M concentrations are not commonly
seen in transported cattle (Kelley et al., 1981), these
responses in general may be cortisol-driven and are
immunosuppressive, resulting in an immunocom-
promized condition, as has been observed in mice
(Landi et al., 1985; Aguila et al., 1988).

Electrolyte Balance. As discussed by Novotna et al.
(1986), cattle have a substantial buffering capacity.
However, transport and handling can be seen to cause
significant changes in electrolyte balance (Baker,
1988; Fosha-Dolezal and Fedde, 1988; Schaefer et al.,
1988, 1990). Particularly notable in this respect are
changes in major ions including chloride, potassium,
calcium, and magnesium. The anion gap measure-
ment, a mathematical approximation of differences in
major anions and cations ([Na + K] − [Cl + HCO3]),
has been shown to have some utility in diagnosing
aberrant acid-base conditions in transported cattle
(Schaefer et al., 1990). Depending on when in the
course of transport and handling these measurements
are taken, a decrease in this measure has been
observed in transported cattle and likely reflects to
some extent the increase in plasma chloride concentra-
tion in these animals (Schaefer et al., 1990).

Hydration. The importance of hydration in trans-
ported and handled cattle is highlighted by Lofgreen
(1983). On the basis of in vivo dye dilution studies
(Gortel et al., 1992) or even simple measures of
plasma and urine osmolality (Schaefer et al., 1990,
1992) transport and handling are observed to cause
dehydration. This is clearly a logical result of factors
such as time off water, increased respiration rates,
urinary and ruminal water loss, and excessive sweat-
ing in transported and handled animals. Collectively,
this water loss seems to affect the pool size in the
interstitial water space (Gortel et al., 1992). De-
hydration effects may be very insidious in terms of
economic costs to live and carcass weight loss as well

as organ weight loss and hide hydration. Also,
hydration can affect additional intracellular acidifica-
tion events (Waddell and Bates, 1969), likely result-
ing in changes in meat quality attributes.

Thermal Regulation. Transport and handling are
reported to cause a rise in deep body temperature
(Warriss, 1990). However, these values likely vary
according to when and how the measurements are
taken. Monitoring surface infrared temperatures after
transport, for example, has indicated that cattle
actually display a cooler temperature with increasing
stress levels (Schaefer et al., 1988). This observation
would be consistent with the observed depletion of
glycogen stores and thus a reduced energy supply to
support heat production.

Additional Metabolic Changes. In addition to the
foregoing, a host of significant metabolic changes have
also been observed in transported and handled cattle.
These include an increase in blood enzymes such as
creatine phosphokinase (Sinclair et al., 1992; Scott et
al., 1993; Unanua and Buitrago, 1985; Kenny and
Tarrant, 1988; Cockram and Corley, 1991), lactate
dehydrogenase, and aspartate aminotransferase
(Doornenbal, 1987; Cole et al., 1988; Scott et al.,
1993). Blood metabolite changes including increased
concentrations of blood lactate (Mitchell et al., 1988;
Schaefer et al., 1992), ketones (Lambooy and Hul-
segge, 1988), and b-hydroxybutyric acid (Frohli and
Blum, 1988; Warriss et al., 1989) and altered blood
urea nitrogen concentration (Cole and Hutcheson,
1985) have also been reported. Notable changes in
cardiovascular events, particularly an increased heart
rate, are likewise seen to occur in transported and
handled cattle (Stermer et al., 1982; Kenny and
Tarrant, 1987; Eldridge, 1988). Collectively, the
aforementioned physiological events documented to
occur during transport and handling of cattle should
suffice to demonstrate that the animals are not in a
steady-state condition while being transported and
handled. Understanding these events, however, has
been a necessary first step in being able to intelli-
gently suggest treatment regimens to attenuate trans-
port and handling stress.

The Treatment of Transport and Handling Stress

The foregoing discussion serves to illustrate some of
the metabolic insults affecting animals when they are
subjected to transport and handling stress. Clearly,
the nature and etiology of these metabolic events is a
complex matter and designing treatments to resolve
these insults is equally complex.

Numerous strategies have been employed in an
attempt to attenuate some of the physiological
responses associated with transport and handling
stress. These include the use of preconditioning
regimens (Woods et al., 1973; Cole, 1988), vitamin
treatments (Cole et al., 1982), vaccines (Johnson et
al., 1988), and the feeding of fats (Cole and Hutche-



USE OF ELECTROLYTE SOLUTIONS 261

Table 1. The effect of antemortem electrolyte therapy on live
and carcass weight loss in transported and handled cattle

aControl animals offered water only.
bTreatment was with the electrolyte therapy product NUTRI-CHARGE, a trademark of Agriculture and Agri-Food Canada. U.S. Patent

5505968, Lacombe, Alberta.
cData normalized to 500 kg (1,100 lb.) liveweight.

Item Controla Treatedb P

Hot carcass yieldc, kg 288.1 298.4 <.01
overnight held, long haul (4 h) (n = 53; steers) (n = 117)
Post-transport treatment
(Schaefer, unpublished data)

Hot carcass yieldc, kg 281.9 288.4 <.05
overnight held, long haul (4 h) (n = 38; bulls) (n = 38)
Pretransport treatment
(from Scott et al., 1993)

Hot carcass yieldc, kg 264.4 280.4 .01
overnight held, long haul (8 h) (n = 20; steers + heifers) (n = 41)
Pretransport treatment
(from Jacobsen et al., 1993)

Hot carcass yieldc, kg 288.4 298.2 <.05
overnight held, long haul (4 h) (n = 20; bulls) (n = 25)
Pretransport treatment
(from Gortel et al., 1992)

Live weight loss ( % ) in pasture- 6.7% 4.9% <.0001
raised, overnight held, (n = 31; steers + heifers) (n = 31)
moderate haul (1 h)
Pretransport treatment
(from Schaefer et al., 1993)

Table 2. The effect of antemortem electrolyte therapy
on the frequency of dark cutting in

transported bulls and steers

a448 steers, 1,015 bulls.
bControl animals offered water only.
cTreatment was with the electrolyte therapy product NUTRI-

CHARGE, a trademark of Agriculture and Agri-Food Canada. U.S.
Patent 5505968, Lacombe Research Centre, Lacombe, Alberta.

dChi-square test.
eDark cutters = Canadian B4 grade.

Controla,b Treateda,c

(n = 713) (n = 750) Pd

Dark cutterse 27 14 .026
Normal 686 736 —

son, 1987), to mention a few. All of these treatments
have met with varying degrees of success. Two
strategies in particular, however, have been notably
successful: the use of electrolyte-mineral treatments
and the use of high-energy treatments.

Electrolyte-Mineral Treatments

Discussion in the foregoing section demonstrated
the negative impact of transport and handling on
electrolyte metabolism in cattle. The utility of balanc-
ing ion charges and electrolytes in the diet in order to
optimize performance has been recognized in dairy
cattle for some years (Wang et al., 1987; Beighle et
al., 1988; Tucker et al., 1988; Safarpour and Daniels,
1988). This approach has also been used to good effect
in treating calves displaying metabolic acidosis and
viral diarrhea (Booth and Naylor, 1987) as well as
cattle showing symptoms of heat stroke (Wagner,
1987) and perspiration loss (Armantano and Solor-
zano, 1987). The importance of using selective electro-
lytes in treating transported and handled cattle,
particularly the use of high dietary potassium levels,
was also recognized over 10 yr ago by the Texas USDA
group (Hutcheson et al., 1984; Hutcheson, 1988) and
was shown to improve performance in treated cattle.
In addition, the use of dietary chromium supplement
to improve immune response in transported cattle has
been demonstrated by Chang and Mowat (1992) and,
in general, the use of the dietary electrolyte balance
approach to effect changes in performance in beef

cattle has also been discussed more recently by Ross et
al. (1994). However, such treatments are also known
to have their limitations, and electrolyte treatment
must be administered prudently (Kaneko, 1980). In
fact, improperly applied, electrolyte treatments can be
counter-productive causing among other things potas-
sium depletion (Sranmek and Pozdesek, 1987) and
diarrhea (Chester-Jones et al., 1986).

High-Energy Feeding

Energy depletion or hypoglycemia is one of the
predictable outcomes of transport and handling in
cattle (Phillips et al., 1982; Cole and Hutcheson, 1985,
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1987; Lofgreen and Kiesling, 1985). Consequently,
attempts to remedy this condition through electrolyte
nutritional treatment and high-energy diets either
before or after transport have been made (Hutcheson
and Cole, 1986; Matter et al., 1986). This approach
has been shown to be efficacious both for treating
animal performance in the feedlot (Phillips et al.,
1982; Cole and Hutcheson, 1985; Lofgreen and
Kiesling, 1985; Cole et al., 1986) and for controlling
meat quality and carcass yield aberrations (Wajda
and Wichlacz, 1987; Eldridge, 1988; Lister, 1988;
Tarrant, 1988). However, as discussed by McVeigh
and Tarrant (1982) and Lister (1988), recovering
animals using these methods has been shown to be a
slow process that often requires several days. Clearly,
this time scheme would not be compatible with some
market realities such as those at abattoirs and sales
yards.

Combined Strategies

All of the aforementioned treatment strategies have
shown important insights and have been welcomed
additions to treating stress in cattle. As presented,
most of the treatment regimens have been designed
for specific and often clinical purposes such as treating
diarrhea and dehydration in calves or for receiving
diets after transport. Of notable importance, however,
is the knowledge that transport and handling stress,
especially in the antemortem period, is a unique non-
steady-state situation and it is not likely that any
single regimen will be totally effective in this environ-
ment as a treatment. As discussed in the previous
sections, there seems to be common agreement regard-
ing the fundamental nature of physiological insults
experienced by transported and handled cattle. These
insults include primarily electrolyte imbalance, an
energy deficit, and the related catabolism and de-
hydration accompanying the stress. Logically, a suc-
cessful treatment regimen would consider the attenua-
tion of each of these insults. Research at the Lacombe
Research Centre has attempted to use electrolyte
therapies to that end.

Initial studies in this respect demonstrated that
electrolyte therapy was an efficacious (albeit unpracti-
cal at the time) way to treat antemortem stress in
market cattle (Schaefer et al., 1990, 1992). More
recent studies have demonstrated substantial utility
and cost-effectiveness in treating transport and han-
dling stress in cattle in a number of market niches
(Table 1), including pasture cattle (Schaefer et al.,
1993; Church et al., 1994) and feedlot animals
(Jacobsen et al., 1993; Scott et al., 1993; Dubeski et
al., 1995). Collectively, these studies demonstrate at
least partial attenuation of live weight and carcass
loss as well as meat quality attributes (Table 2). Also,
by virtue of normalizing physiological stress
parameters the improvement of animal welfare might
be attained.

Implications

Our animal industries are currently undergoing
substantial rationalization with fewer but larger
production units and processing plants and longer
distances between them. Such conditions often oblige
longer transport and handling exposure of our
animals, which in turn can cause loss of weight,
degradation of meat quality, and alterations in some
physiological stress parameters. Alleviating these
stresses in a humane manner is a prime concern for
animal scientists. Clearly, efforts must continue with
respect to improving handling and management facili-
ties and the teaching of handling and management
protocol. However, the use of nutritional modulation
to treat transport and handling stress also merits
consideration. Electrolyte therapy regimens in this
respect have been shown to be efficacious for treating
transport and handling stress in domestic animals and
offer one additional tool for use in our animal
industries.
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