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Transportation and handling of cattle prior to slaughter are stressors which can 

impact weight change and postmortem muscle quality.  Electrolyte supplementation has 

been evaluated extensively with growing and finishing cattle, but little to no work has 

been reported with cull cows.  The objective of the two studies was to determine the 

effects of pre and post-transport electrolyte supplementation on weight loss, hydration, 

and meat quality in cull dairy cows.  In the first study, sixty cull dairy cows (644.3 ± 

121.9 kg) were stratified by body weight, days of lactation, and farm of origin into two 

treatment groups (n=30).  At 0500 cows were drenched with a solution of 2.4 g of dry 

electrolyte per kg of initial body weight, and diluted in approximately 1.5 L of water.  Dry 

electrolyte was comprised of dextrose, sodium bicarbonate, magnesium sulfate and 

potassium chloride.  Control group was given a placebo volume (1.5 L) of water.  At 

1700 cows were transported 3 h to a non-fed beef processor, unloaded and allowed 8 h 

of lairage time with access to water prior to slaughter.  Body weight and blood were 

collected from cows prior to treatment and slaughter.  Treated cows tended to remain 

more hydrated than control cows from dosage till slaughter as per a greater decrease in 

packed cell volume (PCV; P = 0.06).  Also, LM samples from treated cows exhibited 
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greater drip loss (P < 0.05) and tended to have a lower pH (P = 0.06) than samples from 

control cows.   

In the second study, forty-eight cull dairy cows (712.8 ± 120.4 kg) were stratified 

by weight and days of lactation into three treatments (n=16).  Cows were drenched with 

electrolyte treatment prior to transport or following transport using the same procedures 

as the first study.  Weights and blood samples were taken prior to and after transport, 

and prior to slaughter, and meat quality evaluations were taken at 24 hr postmortem.  

No significant treatment effect on weight loss and hydration, indicated by PCV, was 

observed.  However, cows treated after transport had a significantly lower plasma 

protein concentration change (P < 0.01) after lairage and during the duration of 

transport and lairage.  There were strong numerical indicators that results are consistent 

with that of the first study in regards to packed cell volume, as well as more improved 

weight loses after transport and lairage.  Our results showed, however, that cows 

started and remained more hydrated over the duration of the trial compared to cows 

from trial 1, indicated by lower PCV and PP values; likely attributed to less 

environmental and handling stress during the live animal portion of the study. 

These results show potential for electrolyte supplementation in cull cows to 

mitigate transport and handling stress to improve animal hydration and meat quality.  
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CHAPTER 1 
INTRODUCTION 

 
Cull cows and bulls play a very important role in today’s beef industry.  The non-

fed beef industry accounts for approximately 15% of today’s domestic beef production 

(NCBA, 1999).  Of that percentage, about one-third is comprised of the harvest of cull 

dairy cows (NCBA, 1999).  Dairy cows are culled from the herd for various reasons, 

including: reproductive inefficiency, low milk yield, mastitis, and lameness (Hadley et al., 

2006).  Many cull cows are marketed through an auction market prior to being 

harvested at non-fed beef processing facilities.  A large portion of Florida cull cows are 

sold directly to the processor due to their close proximity and the economy of scale 

associated with Florida’s large ranches and dairy operations. 

The marketing of cattle can require long transport times and excessive handling.  

According to the 2007 National Market Cow and Bull Beef Quality Audit, loads of non-

fed cattle traveled an average of 5.9 h to beef processing facilities, with maximum 

transport times of up to 32 h (NCBA, 2007).  Livestock often go without water or feed 

during transportation, and are limited to only water when held in lairage prior to 

slaughter.  Transportation, exposure to a new environment and novel animals, and 

weather extremes, all can and will induce a stress response from the animal (Grandin, 

1997).  The stress response is characterized by the release of the catecholamines, 

epinephrine and norepinephrine, from the adrenal medulla which increases heart rate 

and blood pressure (Knowles and Warris, 2000).  The catecholamines also induce a 

signaling cascade along the hypothalamic-pituitary-adrenal axis that releases various 

hormones that effect the mobilization of body tissues and depletion of energy stores 

during times of stress through lipolysis, glycogenolysis, and protein catabolism (Selye, 
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1939).  This leads to a negative energy balance, dehydration and weight loss during 

transport, along with decreases in dressing percentage and carcass yield.  The 

autonomic stress response and its relationship with elevated postmortem pH and dark 

cutting beef has been well documented (Knowles et al., 1999). 

Multiple studies have been done to attenuate the effects of transport stress in 

finished cattle through the use of electrolyte supplementation and pre-slaughter 

conditioning regimens.  Providing livestock with an energy, ion, or amino acid 

supplement following stressful periods can aid in the recovery of muscle glycogen 

depletion, which can prevent dry, firm, and dark meat quality issues (Cole and 

Hutcheson, 1985; Schaefer et al., 1997; Schaefer et al., 2001).  Furthermore, 

reestablishing the sodium and potassium ion balance within the body will aid in the re-

absorption of intracellular water (Tasker, 1980) and result in improved hydration, 

decreased weight loss and improved carcass yield during transport and harvest 

(Schaefer et al., 1997). 

A lactating dairy cow is fed a high energy diet during production; withholding a cow 

from feed prior to transportation and slaughter will result in an energy deficit.  The 

combination of a dietary energy deficit, the stress of a full udder, and all other pre-

slaughter stressors makes a cull dairy cow an ideal subject for research to improve non-

fed beef quality through stress attenuation. 

The objectives of the current study were to assess the impact of dietary electrolyte 

supplementation on weight loss, stress, hydration, and meat quality of cull dairy cows 

when supplemented prior to and immediately following transportation to harvesting 

facilities.  It is hypothesized that electrolyte treatment will allow cows to remain more 
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hydrated, lose less weight during marketing, and improve muscle pH and objective color 

measurements.
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CHAPTER 2 
REVIEW OF LITERATURE 

Introduction 

The 1999 National Market Cow and Bull Beef Quality Audit (NFBQA) stated that 

approximately 29% to 33% of the nation’s dairy herd and 9% to 11% of the beef herd is 

culled annually; ultimately accounting for approximately 15% of the total United States 

beef production (NCBA, 1999).  Nearly 75% of non-fed beef in the U.S. is generated by 

culls cows; half of which is from slaughtered dairy cows, thus accounting for over 5% of 

all U.S. beef production (NCBA, 1999).  Much of the product derived from the slaughter 

of non-fed cattle is used for the production of ground beef, which accounts for nearly 

45% of the beef consumed in the U.S. (NCBA, 1999).  However, the audit also showed 

that non-fed beef packers will market up to 75% of cow or bull carcasses as whole 

muscle cuts for roast beef, deli meats, or steaks and roasts at low price food service 

facilities (NCBA, 1999).  Due to the impact the cull cow industry has on beef production, 

ensuring the welfare of cull cows is important for cattle producers and packers.   

Dairy cattle in production are culled for a variety of reasons; old age, reproductive 

inefficiency, and lameness.  Specifically, Hadley et al. (2006) reported that injury, 

reproduction, production, and mastitis issues represent the most prevalent reasons for 

dairy cows leaving the herd.  These and the other multiple culling factors potentially 

relate to issues that result in condemnation of the viscera, head, hide, or whole carcass.  

However, less than 1% of non-fed cattle are condemned during antemortem and 

postmortem inspection, respectively (NCBA, 2007). 

Much of the variation in carcass merit and end product quality is caused by the 

challenges incurred during marketing and transport to slaughter.  From the time an 
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animal leaves the farm until it is slaughtered, there are a multitude of stressors which 

are encountered.  Animals can encounter psychological stress from restraint, transport, 

handling, and novelty, or physical stress from hunger, thirst, fatigue, injury or thermal 

extremes (Grandin 1997).  All of these can affect antemortem and early postmortem 

muscle metabolism, ultimately impacting meat quality (Huff-Lonergan and Lonergan, 

2005).  Feed and water restriction during the pre-slaughter period can cause severe 

weight loss and decreases in dressing percent (Jones et al., 1988).   

The increasing importance of the consumer’s perception of animal agriculture 

and the economic significance of the previously mentioned traits have led to the need 

for more research evaluating livestock during the pre-slaughter period.  The use of 

electrolyte supplementation and pre-slaughter conditioning treatments have shown to 

improve several measures of stress, hydration, and muscle quality in fed steers and 

heifers (Schaefer, 2001; Schaefer et al., 2006).  However, few studies have been 

conducted utilizing cull cows.  

Animal Welfare 

Issues and Regulations 

Animal agriculture faces continued pressure from animal activist groups and 

speculation from the public on the practices involved in the packing industry.  The 

majority of livestock producers provide excellent husbandry.  However, the isolated 

incidents of poor stewardship that are broadcast nationally resonate amongst the public 

and increase the scrutiny on all of animal agriculture. 

All packers are required to adhere to the Humane Slaughter Act (USDA-FSIS, 

2009a), and almost all utilize humane handling guidelines set forth by the American 

Meat Institute (AMI, 2005).  Of particular importance is that cattle are rendered 
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insensible to pain prior to exsanguination after a proper stunning procedure has been 

completed.  Prior to and proceeding slaughter, all livestock and carcasses are inspected 

for potential health problems that could affect food safety (USDA-FSIS, 2009b).  

Livestock are observed both at rest and in motion before entering the plant, and a 

thorough inspection of the head, viscera, and carcass is conducted after exsanguination 

(USDA-FSIS, 2009b).  The Recommended Animal Handling Guidelines and Audit Guide 

(AMI, 2005) outlines procedures for producers and packers to minimize welfare risk 

during handling and transportation of livestock.  These include: facility assembly and 

setup, proper loading, unloading, and movement, and humane stunning and 

postmortem handling (AMI, 2005).  All antemortem and postmortem measures are 

taken to ensure animal welfare and food safety. 

 Broom (1991) defines welfare as “the state of an individual in relation to its 

environment.”  Multiple studies have shown that the welfare associated with sound 

stockmanship practices allow animals to produce at optimal levels (Grandin, 2003).  

Therefore, livestock producers and packers have an imbedded interest in utilizing good 

stockmanship practices.  Transportation, comingling, handling, and lairage prior to 

slaughter are all stressors which can impact animal health and meat quality (Grandin, 

1997). 

 The issue of non-ambulatory or ―downer‖ cows is one of particular interest in the 

cull cow industry.  The United States Department of Agriculture Food Safety and 

Inspection Service (USDA-FSIS, 2004) defines non-ambulatory as: 

 Animals that cannot rise from a recumbent position or that cannot walk, 
including but not limited to those with broken appendages, severed tendons 
or ligaments, nerve paralysis, a fractured vertebral column, or metabolic 
conditions. 
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State and federal legislation has been enacted over the past two decades to prohibit the 

buying, selling, and receiving of downer cattle in the United States, spurred by media 

footage of mistreated downer cows in California in 1993 (Stull et al., 2007).  However, a 

federal ban on the slaughtering of all downer cows in the U.S. was not enacted until 

after the first confirmed case of Bovine Spongiform Encephalopathy (BSE) in the United 

States on December 23, 2003 (Stull et al., 2007).  These policies have been met with 

both praise and criticism from producers and packers as it improves the safety of our 

food supply, but has a negative economic impact on producers by eliminating downer 

cows that are simply injured and still acceptable for human consumption.   

A common criticism of the beef industry has been the treatment of downer cattle 

at slaughter facilities.  The American Veterinary Medical Association has established 

best management practices for handling downer cows (Stull et al., 2007).  However, 

there has continued to be cases of mistreated down-cows (Stull et al., 2007).  These 

instances are often highly publicized by national media and continue to cause 

skepticism of the practices of producers and packers, as well as the safety of the U.S. 

food supply.  The most significant event occurred in February, 2008, when the non-fed 

beef packer, Hallmark/Westland Meat Packing Co. in Chino, CA was required to recall 

over 143 million pounds of beef products due to inhumane handling of non-ambulatory 

cows (USDA-FSIS, 2008).  This became a policy changing event in the U.S. meats 

industry, and resulted in the largest ever recall by FSIS, as well as the only ever recall 

for a non-food safety concern.  Additionally, this event led to the increased attention on 

humane handling and slaughter set forth by FSIS in 2008 (USDA-FSIS, 2009a).  It is 

crucial that all segments of the beef supply chain place the utmost importance on 
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animal welfare due to the overwhelming media coverage of these cases and negative 

ramifications it has on the meat industry. 

Animal Handling 

Animal handling has a large impact on livestock stress.  There are multiple 

opportunities for animals to be exposed to stress during the process of transportation 

from the farm to their ultimate destination.  Humans should handle livestock to limit 

anxiety responses that can cause negative physiological outcomes.   

Handling responses can be most notably recognized through behavioral 

reactions (Broom, 2000).  Cattle exposed to a new object such as a trailer or handling 

facility will balk and/or give vocalized responses to the strange object (Grandin, 1997).  

However, as familiarity increases, livestock will become more cooperative with entering 

a new area (Peischel et al., 1980; as cited in Grandin, 1997).  Stress responses can be 

objectively measured by evaluating metabolic rate, such as heart rate, blood pressure, 

respiration rate, and body temperature; plasma cortisol (Table 2-1); and adrenal 

medullary hormones, such as epinephrine and norepinephrine (Broom, 2000). 

 Handling effects are compounded when animals are exposed to human handling 

techniques that elicit pain.  Abusive practices by humans will be recollected by animals 

and can cause similar and exaggerated behavioral and physiological responses to 

general handling stressors (Grandin, 1997).  Animals recollect negative experiences, 

and research has shown that calves have recognition of people they have had positive 

or negative interactions with (de Passille et al., 1996; as cited by Gonyou, 2000).   

The use of paddles, prods, whips, and hot shots are commonly found in livestock 

production facilities (NCBA, 2007) and are often times necessary to provoke efficient 

movement of livestock.  However, it is the manner in which these tools are used that 
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dictates the animal reaction.  In the 2007 Non-fed Beef Quality Audit (NCBA, 2007), 

22.3% of all loads of cattle received applied the use of a hot shot to aid movement at 

the packing plant.  Most plants (86.4%) reported using driving aids other than hot shots 

in a passive manner, however, 13.6% of plants reported using driving aids, including 

sticks, paddles, body parts, PVC pipe, metal pipe, whips, and a flash light; in an 

aggressive manner (NCBA, 2007).  The aggressive use of driving devices will evoke a 

stress response and can compromise animal welfare.  Thus, it is of utmost importance 

that animal handlers minimize aggressive handling to preserve animal welfare. 

An animal which incurs a slip or fall during the process of loading or unloading 

will become stressed and exacerbate responses for the remainder of the lot.  Care 

should be taken to ensure secure footing for livestock, especially when encountering a 

ramp, landing, or turning area (Tarrant and Grandin, 2000).  

Transport stocking density and the surface of the trailer floor play a major role in 

animal balance and the number of times an animal slips or falls because cattle tend to 

stand during transport (Tarrant and Grandin, 2000).  It is recommended that mature 

cows are allowed approximately 0.25 to .030 m2 per 100 kg of body weight during 

transport (AMI, 2005).  Tarrant et al. (1992) reported low stocking density had fewer 

animal struggles and falls than high stocking densities.  However, it was also shown that 

there were less load shifts when stocking density was high (Tarrant et al., 1992; as cited 

by Tarrant and Grandin, 2000).  A high transport stocking density will tend to restrict 

animal movement in the trailer, but cattle which do fall will be at greater risk for injury 

and subsequent bruising, with little room to return to a standing position.  Livestock tend 
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to be more comfortable at lower stocking densities; but their balance is affected by 

driving techniques (Tarrant and Grandin, 2000). 

Stress Physiology 

Physiological Indicators of Stress 

 The innate interactions of animal biology make stress levels challenging to 

quantify in-vivo.  The initial response to stress is indicated by the release of the 

catecholamines, epinephrine or adrenaline, released from the adrenal glands, and 

norepinephrine or noradrenaline, released from both the adrenal glands and 

sympathetic nerve endings (Knowles and Warris, 2000). In turn, both hormones 

increase heart rate, blood pressure and the rate of glycogenolysis, thus raising plasma 

glucose levels shortly after the initial stress reaction (Knowles and Warris, 2000).  Yet, 

due to the relatively short half lives of these hormones, they are a useful, albeit 

inconsistent measure of animal stress (Knowles and Warris, 2000). 

 The hypothalamic-pituitary-adrenal (HPA) axis is a complex system of integrated 

hormonal and neural networks that work to control an animal’s response to stress 

(Selye, 1939).  Catecholamine release stimulates the release of corticotrophic releasing 

factor (CRF) from the hypothalamus of the brain (Plotsky et al, 1989), 

adrenocoricotrophic hormone (ACTH) from the anterior pituitary of the brain (Dinan, 

1996), and glucocorticoids from the adrenal cortex (Dinan, 1996). 

 Of the glucocorticoids released, cortisol is of primary interest in mammalian 

species.  Through increases in cortisol levels, it enhances the function of 

gluconeogenesis, increases proteolysis, and alters CRF and ACTH release through 

negative feedback (Dickson, 1970). Considering this response is heavily mediated 

through the brain and has a longer half-life than epinephrine and norepinephrine, 
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measuring blood cortisol levels is a useful way of determining an animal’s reaction to 

prolonged stress (Knowles and Warris, 2000; Table 2-1). 

 The release and absorption of water is controlled by release of antidiuretic 

hormone (ADH) from the posterior pituitary (Houpt, 1970).  During dehydration, a 

change in the osmoconcentration of plasma stimulates ADH release causing urine 

volume to decrease in an effort to retain water (El-Nouty et al., 1980).  The fluid lost 

during dehydration is mostly from the extracellular fluid (Houpt, 1970).  There is a shift 

from water in the cells to the extracellular fluid, which is then lost through urine, feces, 

respiratory gasses, and perspiration (Houpt, 1970).  Electrolytes are also lost from the 

extracellular fluid during water deprivation.  Sodium (Na+), potassium (K+), chloride (Cl-), 

and bicarbonate (HCO3) levels in the plasma, blood, and urine often increase during 

periods of dehydration (Houpt, 1970).  Aldosterone is the primary hormone responsible 

for reabsorption of Na+ and K+ and is regulated by ACTH from the anterior pituitary 

(Houpt, 1970).  Dehydrated animals tend to have lower levels of plasma aldosterone 

associated with increased urine sodium levels (El-Nouty et al., 1980). 

 Packed cell volume (PCV) is a measure of the percentage of cells occupying the 

total blood volume, and is measured by evaluating the proportion of plasma to cellular 

constituents in a blood sample (Knowles and Warris, 2000).  PCV is a simple 

measurement of dehydration and is often accompanied with measurements of plasma 

protein and plasma albumin levels to confirm the degree of dehydration (Knowles and 

Warris, 2000) (Table 2-1).   

An increase in PCV percentage is indicative of either decreased plasma volume 

or increased cellular components in the blood, and would thus indicate a more 
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dehydrated state (Kent and Ewbank, 1983).  There are multiple proteins which comprise 

total protein found in the plasma.  These proteins include: albumins, globulins, 

fibrinogens, along with multiple other regulatory proteins (Smith and Hamlin, 1970).  

Plasma proteins serve primarily as transport proteins, as well as regulating osmotic 

pressure, clotting factors, and aid in immune response (Smith and Hamlin, 1970).  

During periods of dehydration, acute stress, or energy deficiency, plasma protein 

concentrations tend to increase due to mobilization of proteins to utilize as an energy 

substrate, or a decrease in total plasma volume (Siebert and Macfarlane, 1975) (Table 

2-1).  The loss of blood, urine, and muscle metabolites also are an indication of 

dehydration as sodium, potassium, chloride, and bicarbonate are all depleted during 

fasting or while being withheld from water (Schaefer et al., 1989).  This can be most 

easily understood through calculation of the ―anion gap‖ value [serum (Na+ + K+) – 

(HCO-
3 + Cl-)] (Schaefer et al., 1990).  Lower values are an indicator of more normal 

hydration levels (Schaefer et al., 1990). 

During normal muscle activity, glycogen is the main carbohydrate store for 

muscle energy.  Glycogen is broken down by glycolysis into two glucose molecules that 

can be utilized as energy in aerobic metabolism (Aberle et al., 2001).  The glucose is 

broken down into two pyruvic acid molecules which then enter the tricarboxylic acid 

cycle to produce a net 37 ATP for energy (Aberle et al., 2001).  During anaerobic 

conditions, the byproduct of glycolysis is lactic acid.  Lactic acid is then transported to 

the liver and rephosphorylated through the Cori cycle to glucose molecules through 

gluconeogenesis (Martin and Vagelos, 1962).  As the intensity of muscle activity builds, 

there is a tendency to shift to a greater anaerobic metabolism, thus the catabolism of 
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glycogen causes a build-up of lactate as a byproduct of anaerobic activity in the muscle 

and blood stream (Knowles and Warris, 2000).  Along with this, creatine phosphokinase 

(CPK) is utilized by muscle to make ATP available for contraction.  During strenuous 

muscle activity, creatine kinase (CK) in the form of CK3 leaks from muscle cells and can 

be detected in the blood analysis (Knowles and Warris, 2000).  As such, both lactate 

and CK are also commonly measured parameters to indicate muscle stress.   

Adipose tissue is catabolized through lipolysis.  The pancreatic hormone glucagon 

stimulates adipose mobilization during periods of low blood glucose (Allen, 1970).  

Adipose tissue is broken down to triglycerides, which are further catabolized into acetyl-

CoA through beta-oxidation (Allen, 1970).  An acetyl-CoA molecule then undergoes 

oxidative phosphorylation to produce ATP for energy utilization (Allen, 1970).  The 

mobilization of adipose tissue for energy can be detected in the form of free fatty acids 

(FFA) and ketone bodies in the blood.  When triglycerides are mobilized, they are 

broken down into the glycerol and non-esterified free fatty acid (NEFA) or FFA 

components (Knowles and Warris, 2000).  The liver converts the FFA to ketone bodies 

in the liver, particularly beta-hydroxybutyrate (β-OHB), which is utilized by the tissues 

(Knowles and Warris, 2000). 

Meat Quality Stress Indicators 

 Stress events can affect live animal physiology, which can cause meat quality 

aberrations.  The live animal uses glycogen as a carbohydrate source of energy for 

muscle contraction and lactic acid is produced as a byproduct of glycogenolysis 

(Jensen, 1954).  When an animal is exanguinated, the absence of oxygen in the blood 

causes a shift from aerobic to anaerobic metabolism (Aberle et al., 2001).  Since the 

circulatory system can no longer carry lactate to the liver to be re-synthesized into 
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glucose and glycogen, lactic acid begins to concentrate within the muscle and cause the 

postmortem pH decline (Aberle et al., 2001). The rate of acidification is primarily 

determined by the rate of muscle metabolism immediately before, during, and after 

slaughter (Aberle et al., 2001; Figure 2-1).  An animal which is exposed to prolonged 

chronic stress, will have in-vivo glycogen depletion resulting in insufficient lactic acid 

production, and ultimately elevated pH values (> 5.8; Hedrick et al., 1959).  This beef 

will have increased water holding capacity, and a dark lean color due to increased light 

absorbency (Hedrick et al., 1959; Figure 2-2).  Extreme cases of glycogen depletion 

cause a dry, firm and dark (DFD) condition or a ―dark cutter‖ (Figure 2-1).  The 

increased pH holds myoglobin, the primary protein responsible for muscle color, in the 

ferrous state which also causes a darker lean color (Lawrie, 1958).  The surface of DFD 

meat appears very dry due to increased water holding capacity, caused by a pH higher 

than normal beef that is further from the isoelectric point, resulting in a more open 

protein lattice with more ability to bind water (Lister, 1988).   

When animals are exposed to acute stress immediately prior to harvest, glycogen 

is metabolized quickly while muscle temperature is high, causing rapid accumulation of 

lactate and its associated decline of muscle pH (Briskey, 1964).  This rapid acidification 

of muscle during early post-mortem metabolism denatures the protein and results in 

pale, soft, and exudative (PSE) meat (Figure 2-1).  This is a significant quality defect in 

species with faster metabolizing, more glycolytic muscle proteins than beef.  Thus, PSE 

is primarily a problem within the pork industry (Scanga et al., 2003), but also in turkeys 

(Barbut, 1993) and chickens (Barbut, 1997).  In contrast to normal or DFD meat, PSE 

meat has less ability to bind water (Figure 2-2), causing greater surface moisture, and 
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denatured myofibrils resulting in greater surface light reflectance and a soft texture 

(Briskey, 1964) 

Other factors contributing to the rate of pH decline include: in vivo temperature, 

chilling rate, and conditions at the onset of rigor mortis (Aberle et al., 2001).  

Considering the conversion of muscle to meat has a sizeable impact on water holding 

capacity, color, texture, and shelf life, determining muscle pH is of primary importance 

for quantifying fresh meat quality. 

Color can be quantified objectively using a Hunter or Minolta colorimeter.  The 

majority of domestic research uses a colorimeter to evaluate black to white (lightness; 

L* value; range = 0 to 100), green to red (redness; a* value; range = -60 to 60), and 

blue to yellow (yellowness, b* value; range = -60 to 60; Hunter, 2006).  Objective 

colorimetry is used extensively within the meat industry due to its association with other 

meat quality attributes and consumer retail acceptability (Kropf, 1980).  L*, a*, and b* 

scores are highly correlated to muscle pH and physiological maturity in beef cattle 

(Page et al., 2001).  Additionally, it is well established that color is the primary driver of 

fresh retail meat purchasing (Faustman and Cassens, 1990) and consumers prefer 

reflective, youthful, beef products (Jeremiah et al., 1972). 

Ultimate pH has a dramatic impact on fresh meat shelf life.  Beef with a higher 

pH than normal has increased water holding capacity and thus allows for increased 

microbial growth, odors, and surface discoloration (Hood and Tarrent, 1981).  

Furthermore, DFD beef is associated with poor sensory attributes and is identified by 

increased instances of off-flavors (Wulf et al., 2002).  As such, dark cutting beef has 

little appeal to the consumer.  Naumann et al. (1957) determined that consumers 
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evaluate meat purchases based on visual appearance and palatability.  When 

purchasing fresh meat from the retail case, consumers must rely on their visual 

appraisal to aid in purchasing decisions.  Therefore, beef that exhibits the 

aforementioned quality defects will be consistently passed over by the consumer. 

Beef from cattle with an older chronological age will tend to have a darker color 

than young beef, regardless of stress.  Beef from older animals has a higher 

concentration of myoglobin, which are the proteins responsible for muscle color (Aberle 

et al., 2001).  Beef from older cattle is also characterized as tougher, with higher 

Warner-Bratzler shear force (WBSF), as there is a strengthening of connective 

structures within the muscle (Aberle et al., 2001).  There is little change in the 

concentration of connective tissue within the muscle, however collagen and elastin 

cross-links increase, which reduce the solubility of the fibers (Aberle et al., 2001).  Berry 

et al. (1974) reported steaks from carcasses B maturity and younger to have 

significantly less connective tissue scores by a trained sensory panel than from C 

maturity or older carcasses, as well as more desirable overall palatability.  Breidenstein 

et al. (1968) also reported that steaks from E maturity carcasses had higher shear force 

values than those from A and B maturity carcasses.  Values for meat quality properties 

of beef from aged cattle are indicated in Table 2-2. 

Livestock Marketing and Stress Attenuation 

Stress During the Pre-Slaughter Period 

 Livestock are subject to numerous stressors.  However, the pre-slaughter period, 

including transportation and lairage, might be as stressful an experience as any in 

production.  The specific effects of transportation itself have been poorly defined; 
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however, the literature suggests that when transportation and lairage is combined with 

fasting and elimination of water availability, it exacerbates stress effects (Jones, 1988).   

 During transportation animals can often be withdrawn from feed for hours at a 

time.  According to the 2007 NFBQA (NCBA, 2007), all loads of non-fed cattle traveled 

an average of 5.9 h and 454.6 km.  With tractor-trailer loads, these values increased to 

8.6 h and 658.5 km respectively (NCBA, 2007).  Typically these cattle are withheld from 

water during transport, and withheld from feed after leaving the farm, unless spending 

more than 24 h prior to being slaughtered at the packing facility. 

Jones et al. (1988) reported that steers and heifers fasted 24 or 48 h and 

transported 320 km tended to have greater live weight losses and lighter carcasses than 

those fasted 24 h with no transport.  Similar results have been found in a follow up by 

Jones et al. (1990) reporting increased weight loss with an increase in fasting time.  

These significant weight losses affect both producers and packers by reducing carcass 

weight and red meat yield.  Also, literature has shown that increased time off feed 

causes increased cooler shrink (Jones et al., 1988; 1990).  Additionally, less desirable 

hide dryness scores and increased difficulty of separating the hide form subcutaneous 

fat were observed by Jones et al. (1990).  Both of these findings indicate that 

dehydration was the leading culprit for weight losses. 

 Any stressor can increase metabolic rate, and since transported livestock have 

been withdrawn from feed, a negative energy balance can occur.  The negative energy 

balance of the animal gives precedent for livestock to mobilize body tissues to utilize as 

energy (Moe et al., 1971).  This can be detected through the release of metabolites in 

the blood and urine during and after times of prolonged stress exposure.  Most notable 
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are increases in urine osmolarity, which suggest increases in blood metabolites 

released in the urine and is an additional measure of dehydration (Schaefer et al., 

1990).  Studies done by Ruppanner et al. (1978) have reported shifts in sodium, 

potassium and other fluid levels as a competent indicator of stress in feedlot cattle, as 

well as decreased saliva sodium concentrations (Post, 1965) and decreased potassium 

within the perspiration of fasted, transported dairy cattle (Schaefer et al., 1990).  In a 

review by Knowles and Warris (2000), slaughter cattle have exhibited increases in FFA, 

β-OHB, plasma protein, serum albumin, PCV, CK, and lactate, decreased glucose, and 

altered blood urea nitrogen concentrations, compared with control cattle (Knowles and 

Warris, 2000).  Jones et al. (1988) reported carcasses from fasted and transported 

animals had a higher proportion of bone to lean and fat compared to carcasses from 

control animals. This would be attributed to a chronic stress response affecting protein 

and adipose catabolism. 

 Meat quality also suffers when animals are exposed to prolonged stress.  Studies 

have shown that bulls subject to increased transport stress have higher postmortem pH 

at 45 min, and 24 and 48 h postmortem (Schaefer et al., 1990).  These bulls also 

tended to have darker (lower L* value) and less red (lower a* values) lean color, and 

less drip loss due to a higher postmortem pH (Schaefer et al., 1990).  Schaefer et al. 

(2006) suggested that by decreasing stress by using an intervention, it is possible to 

decrease instances of dark cutting beef. 

Attenuation of Transport and Handling Stress 

 Livestock will experience a stress response during the normal activities 

associated with marketing.  The magnitude of the effects of stress during marketing has 

an impact on economically important traits, making it a valued research topic.  There 
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have been numerous studies using various methods to mitigate transport and handling 

stress in young calves and finishing cattle, but very little evaluating cull cows 

(Hutcheson et al., 1984; Cole and Hutcheson, 1985; Schaefer et al., 1990; Gortel et al., 

1992; Schaefer et al., 1992).  The two interventions most commonly researched have 

been the use of electrolyte supplementation and pre-slaughter conditioning prior to 

transport (Fike and Spire, 2006). 

 Electrolyte supplementation has the ability to replenish blood metabolites and 

return acid-base balance in the body to more acceptable levels (Schaefer et al., 1997).  

Typically, most electrolyte solutions are comprised of a carbohydrate source, such as 

glucose, dextrose or sucrose; a bicarbonate derivative, such as sodium bicarbonate or 

potassium bicarbonate; an agent to aid in water absorption, such as sodium chloride or 

magnesium sulfate; as well as other additives to restore body metabolites and balance 

ion and electrolyte charges.  Research has shown that electrolyte supplementation is 

successful at decreasing body weight loss during transport and improving hot carcass 

weight and carcass yield (Schaefer et al., 1990; Gortel et al., 1992; Schaefer et al., 

2006).  Gortel at al. (1992) observed that crossbred bulls given electrolyte during lairage 

tended to exhibit better recovery from transport stress by having lower live weight 

decreases during lairage and had heavier hot carcass weights and greater carcass 

yields than non-supplemented bulls.  Gortel et al. (1992) reported that the increase in 

hot carcass weight and carcass yield was attributed to great intracellular fluid retention 

by treated bulls.  In the same study, bulls that were supplemented electrolyte tended to 

lose more live weight than bulls supplemented with only water (Gortel et al., 1992).  

However, electrolyte treated bulls had greater hot carcass weights and carcass yields 
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than water treated bulls (Gortel et al., 1992)  Gortel et al. (1992) suggested that this 

could be attributed to electrolyte treated bulls losing more ―drop weight‖ consisting of fill, 

blood, pluck, and hide, but retaining more carcass tissue than control bulls.  Numerous 

other studies have reported similar effects on carcass yield and weight loss in bulls, 

steers, and heifers (Jacobson et al., 1993; Schaefer et al., 1993; Scott et al., 1993). 

Electrolyte supplementation has been shown to have impact on meat quality 

through the restoration of acid-base balance and replenishment of body metabolites.  

Schaefer et al. (1990) found that bulls supplemented with electrolyte tended to have 

lower serum Na+, K+, and Cl- concentrations, as well as significantly lower urine Na+ and 

K+ concentrations and higher muscle Na+ levels than control bulls.  These researchers 

reported bulls supplemented with electrolyte had lower, more normal initial pH, a lighter, 

more reflective color, and lower Warner-Bratzler shear force values than control bulls 

(Schaefer et al., 1990).  Electrolyte therapy of transported cattle also showed to 

decrease the instances of dark cutters compared to cattle offered only water (Schaefer 

et al., 1997).  

 The use of altering the feed regimen of livestock prior to transport has also been 

used to mitigate stress response. This intervention is used as supplemental energy pre-

transport to increase blood glucose to prevent mobilization of adipose and protein tissue 

during the pre-slaughter period.  Cole and Hutcheson (1985) reported that calves 

offered a concentrate diet ad libitum prior to fasting lost more weight during deprivation, 

but regained weight quicker after 3 days of refeeding than those given a restricted feed 

regimen.  It also showed that increased pre-fasting feed intake offers a larger reserve of 

energy, water, and electrolytes in the body during deprivation, and thus allows the 
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animal to return to a their optimal level of intake more quickly after transport (Cole and 

Hutcheson, 1985).  Research also shows that cattle fed a high energy pre-slaughter 

conditioning supplement tend to have a greater carcass yield, fewer instances of dark-

cutting beef, a greater proportion of USDA Prime and Choice carcasses, and fewer 

USDA Select and No-Roll carcasses (Schaefer et al., 1999; 2006).  Also, considering 

the relationship of dark-cutting beef with increased stress, the use of pre-slaughter 

conditioning or electrolyte utilization can markedly improve indicators of stress and 

welfare (Schaefer et al., 2006). 

 Specific diet constituents can also be identified to improve certain other 

responses.  Supplementation of specific amino acids can improve meat quality as 

physiological regulators of stress, substrates for amino acid metabolism, or substrates 

for gluconeogenesis (Schaefer et al., 2001).  Tyrosine is a precursor for epinephrine, 

norepinephrine, and dopamine release, while tryptophan stimulates serotonin which 

stimulates sedation in mammals (Schaefer et al., 2001; Leathwood, 1987; as cited in 

Schaefer et al., 2001).  Amino acid supplementation (alanine, glutamine, and glycine) is 

also shown to provide a source for gluconeogenesis as an energy substrate during 

times of low nutrient status (Schaefer et al., 2001).  However, given the complexities of 

nutrient, energy, protein, and ion depletion, single nutrient supplementation will often not 

address the entirety of the stress response.  Schaefer (1995) found that the use of 

vitamin, mineral, and amino acid complexes were more effective in improving meat 

quality rather than a single nutrient alone. 
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Table 2-1. Physiological assessment of stress in transported cattle   

Variable Value Source 

Basal packed cell volume, % 33.8 Lane and Campbell, 1969 
 34.0 Wohlt et al., 1984 
   
Post transport/handling packed cell volume, % 51.3 Gortel et al., 1992 
 42.5 Parker et al., 2007 
 37.1 Tadich et al., 2004 
   
Basal plasma protein concentration, g/100 mL 6.4 Parker et al., 2003 
 7.9 Knowles et al., 1999 
   
Post transport/handling plasma protein concentration, g/100 mL 7.9 Parker et al., 2003 
 8.6 Knowles et al., 1999 
   
Basal plasma cortisol concentration, ng/mL 9.4 Elvinger et al., 1992 
 9.0 Mitchell et al., 1988 
 2.0 Alam and Dobson, 1986 
   
Post transport/handling plasma cortisol concentration, ng/mL 13.0 Lay et al., 1992 
 21.5 Knowles et al., 1999 
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Table 2-2.  Normal muscle quality characteristics of advanced maturity beef  

Variable Value Source 

Normal pH 5.5-5.7 Aberle et al,, 2001 
Dry, Firm, Dark pH > 5.8 Aberle et al., 2001 
Lightness (L*)1,2 35.0 Cranwell et al., 1996 
Redness (a*)1,2 23.7 Cranwell et al., 1996 
Yellowness  (b*)1,2 9.6 Cranwell et al., 1996 
Drip Loss, %3 1.3-1.6 Davis et al., 1979 
Warner-Bratzler Shear Force, kg 4.9 Cranwell et al., 19962,4 

 7.5 Davis et al., 19795 

1 L* = measure of darkness to lightness (larger value indicates a lighter color); a* = measure of redness (larger value 
indicates a redder color); b* = measure of yellowness (larger value indicates more yellow color). 
2Data from cattle with mean skeletal maturity = E33 and lean maturity = B05. 
3Data from C-maturity cattle with average USDA quality grade = Commercial°. 
4Cows received feed last 56 d prior to harvest. 
5Random sampling from C-maturity carcasses from six U.S. packing plants. 
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Figure 2-1.  The relationship of postmortem pH decline with characteristics of beef 
muscle, adapted from Aberle (2001) 

 

Figure 2-2.  The relationship of beef muscle pH to water holding capacity, adapted from 
Wismer-Pedersen (1987) 
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CHAPTER 3 
EFFECT OF ON FARM ELECTROLYTE SUPPLEMENTATION ON WEIGHT LOSS, 

HYDRATION, STRESS, AND MUSCLE QUALITY 
 

Materials and Methods 

Animals and Management 

Experiment and data sampling on farm 

Sixty culled, lactating dairy cows were used for this study, which was conducted 

over 4 d in mid-August, 2009.  Ambient temperature ranged from 22 to 32°C, with an 

average relative humidity of 75% for the live animal portions of the study.  Cows ranged 

from 17 to 989 days in lactation. 

Cows were housed in an open-sided free-stall barn with concrete flooring with 

fans and misters for cooling.  Test animals originated from two separate locations (Farm 

5 and 8) of a 10,000-cow commercial dairy farm in Okeechobee County, Florida (27° 

12’N, 80° 46’W).  Cows from both locations had the same genetic base, were milked 

three times daily, and were fed a total mixed ration ad libitum. 

Cows were milked for the final time 18 h prior to the start of the study.  Following 

milking, farm management at both locations selected and sorted cull cows from the 

lactating herd for use on the trial.  Cows were selected based on low milk production, 

reproductive inefficiency, and lameness.  Cows from farm 8 (n = 30) were loaded by 

farm personnel on to 8.5 x 2.13 m livestock trailers at a stocking density of 509 kg/m2 

and transported 10 min.  Cows were unloaded, comingled with cows from farm 5 and 

allowed to rest within the unused free-stall barn with ad libitum access to feed.  Cows 

were allowed access to water for the entirety of the trial, except while being transported. 
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At 12 h prior to initiation of the trial, cows were withheld from feed, moved 100 m 

to a livestock working area, and processed through a commercial squeeze chute to 

determine initial weight, then moved back to the vacant barn.  Breed type (Holstein; 

Holstein x Jersey) and structural soundness were subjectively evaluated (Scale = 1 to 5; 

1 = severe mobility issues; 5 = sound).  Cows were randomly placed into two different 

holding pens for the duration of the on-farm portion of the study.  Initial weight, days in 

lactation, and farm of origin was used to stratify cows into two treatment groups; control 

(CON) or on-farm electrolyte supplemented (PRE). 

At 0500 h on day 1 of the study, all cows were secured in a squeeze chute, ear 

tagged, and blood sampled via coccygeal veinipuncture.  Blood samples were collected 

in 10 mL BD Vacutainer tubes (BD Medical Supplies, Franklin Lakes, NJ) containing 

lithium heparin as an anti-coagulant.   A portion of the chilled blood sample was 

immediately placed into two 70 µL capillary tubes and centrifuged at 1500 rpm for 15 

min.  The percent solids versus plasma in the capillary tubes was then measured using 

a Micro-capillary Reader (Damon/IEC Division, Needham Heights, MA) and averaged 

between the two samples to determine packed cell volume (PCV; Bull et al., 2000).  The 

remaining blood samples were placed on ice and after approximately 30 min, were 

centrifuged at 1500 rpm for 15 min.  Following centrifugation, two plasma samples were 

harvested into 1.5 mL micro-centrifuge tubes and placed on dry ice for immediate 

freezing.  Samples were transported to the University of Florida laboratory and stored at 

-20°C until utilized for analysis.   

Cows (PRE; n = 30) were orally drenched with an electrolyte solution using a 1000 

mL drenching gun.  A dry electrolyte powder consisting of dextrose, sodium 
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bicarbonate, magnesium sulfate, and potassium chloride was diluted in 1.5 L of water 

and was administered at a level of 2.4 g per kg of initial body weight (Table 3-1).  Cows 

(CON; n = 30) were given a placebo volume of 1.5 L of water to simulate stress 

associated with drenching activity. 

Cows were moved to the livestock working area, and back to the vacant barn in 

two randomized groups (n = 30) with the first group being processed from 0500 to 0930 

h and the second from 1000 to 1400 h.  The area leading to and including the livestock 

working chute was shaded, but cows were not shaded following processing and prior to 

returning to the vacant barn.   

Transport, harvest, antemortem and postmortem data sampling 

At 1700 h on day 1, cows (n = 60) were loaded randomly onto two (30 cows in 

each) 15.24 x 2.5 m pot-belly trailers and transported 3 h to a commercial beef 

processing facility.  Cows were unloaded and randomly placed into three well-bedded 

holding pens with twenty cows in each and allowed 11 h lairage time with ad libitum 

access to water prior to harvest. 

At 0330 h on day 2 of the trial, cows were processed through a squeeze chute, 

weighed and blood samples collected as described earlier.  Cattle were stunned and 

humanely harvested according to USDA-FSIS accepted procedures. 

All carcass measurements were taken from the left carcass sides at 24 h 

postmortem. Fat thickness and LM area was measured at the 12th and 13th rib interface.  

Internal fat was removed by plant personnel on the kill floor, thus KPH percentage was 

assumed to be 2.5% for all carcasses.  Fat thickness, LM area, KPH percentage and 

hot carcass weight was used to calculate USDA yield grade (USDA-AMS, 1997).  

Skeletal maturity, lean color maturity, and marbling score were evaluated by trained 
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University of Florida personnel.  A 5 cm thick section of LM originating from the 13th rib 

interface and inside round, cap off (NAMP 169A) was collected. 

Following a 30 min bloom time, objective lean color analysis (L*, a*, and b*) were 

collected from the anterior LM end of the removed section and from three 

measurements on the medial side of the SM using a Hunterlab Miniscan XE Plus 

(Hunter Laboratory, Reston, VA) with an illuminant setting of D65/10 calibrated to a 

black tile and white tile.  Intramuscular pH was measured from the same location of 

respective muscles using a portable self-equilibrating pH meter (HI 99163, Hannah 

Instruments U.S.A., Woonsocket, RI).  One 2.54 cm steak was cut from the anterior LM 

end of the removed section for Warner-Bratzler shear force (WBSF) analysis, vacuum 

packaged, stored at 4 ± 2°C for 14 d, and frozen at -40°C.   

From the remaining LM portion, a section of LM trimmed free of external fat (12.24 

g ± 1.55) was removed for drip loss analysis.  The LM samples were weighed, identified 

and placed in 50 g Whirl-pak bags (Nasco International, Fort Atkinson, WI) and 

suspended at 4 ± 2°C for 24 h.  After 24 h, each sample was reweighed and drip loss 

was calculated by dividing the weight difference by initial weight x 100. 

Blood Plasma Analysis 

Plasma samples were thawed at room temperature for 30 min, and 100 µL of 

plasma was utilized to analyze plasma protein (PP) concentration.  Concentrations were 

measured using a temperature compensated hand-held refractometer (Reichert, Inc., 

Depew, NY). 

Warner-Bratzler Shear Force 

   Frozen steaks were removed, weighed, and thawed for 24 h at 4 ± 2°C.  Steaks 

were then cooked on Hamilton Beach HealthSmart indoor/outdoor grills (Hamilton 
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Beach, Proctor-Silex, Inc., Southern Pines, NC) that were preheated for 20 min.  Steaks 

were turned once when an internal temperature of 35°C was achieved, and continued 

cooking until they reached an internal temperature of 71°C (AMSA, 1995).  Internal 

temperatures were monitored using a copper-constantan thermocouple (Omega 

Engineering Inc., Stamford, CT) placed in the geometric center of each steak, and were 

recorded using a 1100 Labtech Notebook for Windows 1998 (Computer Boards, Inc., 

Middleboro, MA).  Steaks were then chilled for 24 h at 4 ± 2°C.  After steaks were 

allowed to tempter to room temperature, 6 cores, 1.27 cm in diameter were removed 

parallel to the longitudinal orientation of the muscle fibers.  The cores were then 

sheared perpendicular to the longitudinal orientation of the muscle fibers, using an 

Instron Universal Testing machine, Model 1011 (Instron Corportaion, Canton, MA) with 

a Warner-Bratzler shear head at a cross-head speed of 200 mm/min. 

Statistical Analysis 

All results were analyzed as a completely randomized design with individual cow 

as the experimental unit for all variables measured.  The GLM procedure of Statistical 

Analysis System V. 9.2 (2008, SAS Inst. Inc., Cary, NC) was used to test the model.  

Farm of origin, soundness score, days in lactation, breed, and the numerical order at 

initial processing were used as covariates in the model. Least square means were 

calculated for main effect of electrolyte treatment, and separated statistically using pair 

wise t-tests (P-DIFF option of SAS) when a significant (P < 0.05) F-test was detected. 

Results and Discussion 

Weight Loss and Hydration 

On-farm electrolyte treatment did not affect absolute body weight loss (P = 0.84) 

or weight loss percentage (P = 0.35) during the pre-slaughter period (Table 3-2).  
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Shorthose and Wythes (1988) estimated that cattle lose approximately .75% of their 

body weight per day when feed and water is restricted, and it can be expected that 

shrink will increase sevenfold during transport (Jones et al., 1988).  In the present study, 

percent shrink was considerably greater in both groups than normal transport shrink.  

There are multiple factors that could have influenced transport weight loss, such as 

water intake prior to transport, gastrointestinal emptying during transit and lairage, and 

water intake overnight prior to the second weight measurement (Phillips et al., 1985; 

Jones et al., 1988; Warris, 1990).  There were 8 h between when cows were unloaded 

at the processing facility and when the second weight was taken.  Therefore, cows were 

allowed ample time to regain a portion of the transport shrink over the 8 h period, which 

could alter weight loss results. 

Results for PCV as an indication of hydration are reported in Table 3-3.  Lane and 

Campbell (1969) reported that normal PCV for lactating dairy cows is 33.8% when 

ambient temperature averaged 24.0°C, suggesting cows within the current study had 

elevated, but near normal values when the trial began.  The pre-slaughter PCV values 

of PRE cows decreased from the initial values and tended (P = 0.06) to differ from CON 

cows whose values increased (Table 3-3).  This indicates that cows receiving an 

electrolyte supplementation stayed more hydrated during transport.  This is likely an 

effect of increased extracellular and intracellular water retention through the 

replenishment of sodium and potassium (Tasker, 1980).  These cations play a major 

role in maintaining osmotic equilibrium amongst major fluid compartments, and are 

diminished when an animal undergoes prolonged stress through salivary, urinary and 

fecal excretion, and evaporative water loss through respiration.  With increased water 
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retention and absorption, it restores plasma volume, which is reflected in a lower 

percent solids in the blood and a lower packed cell volume.  

Plasma Protein Concentration 

The PP concentration change did not differ (P = 0.18) between PRE and CON 

cows (Table 3-4).  However, the PRE cows had a numerically lower increase in the PP 

concentration change than CON cows.  Initial PP concentrations were elevated for both 

PRE and CON cows compared to reports by Knowles et al. (1999) and Parker et al. 

(2003) who reported basal PP levels as 7.9 and 6.4 g/100 mL, respectively for lactating 

dairy cows, suggesting the stress of initial sampling.  These are consistent with findings 

by Siebert and Macfarlane (1975) that cattle under stress from heat and dehydration will 

have higher PP concentrations due to either decreased plasma volume or mobilization 

of protein tissues. 

Carcass Traits 

Descriptive statistics of carcass traits by treatment are presented in Table 3-5.  

There was no effect of electrolyte supplementation on carcass characteristics (P ≥ 0.32) 

with the exception of PRE cows having a lower lean color maturity score (P = 0.02).  

Cows utilized for the study exhibited comparable carcass traits to dairy cow carcass 

characteristics reported in the 2007 National Market Cow and Bull Beef Quality Audit 

(NFBQA; NCBA, 2007).  Carcasses from PRE cows tended (P = 0.06) to have a lower 

LM pH than CON carcasses (Table 3-6).  During normal muscle metabolism, glycogen 

is used as a substrate to be converted to lactic acid, thus causing a steady pH decline 

following harvest (Lister, 1988).  Antemortem depletion of muscle glycogen will result in 

insufficient lactic acid production for normal pH decline postmortem.  On-farm 

electrolyte supplementation likely restored glycogen within the muscle resulting in lower 



 

43 

LM pH.  Beef with pH values exceeding 5.8 have greater water holding capacity and a 

darker color than normal beef, but is not defined as a classic dark cutter (pH > 6.0) 

(Hedrick et al., 1959; Lister, 1988; Immonen, et al., 2000).  The pH values for carcasses 

in this study were greater than 5.8, a substantially higher value for ultimate pH of normal 

beef tissue (Hedrick et al., 1959).  The higher than normal pH values were possibly 

driven by the stress created by high ambient temperature during the study, handling 

cows multiple times during blood collection, weighing, and transportation.   

Longissimus muscle from PRE cows had a greater (P = 0.04) drip loss percentage 

than like samples from CON cows (Table 3-6).  Davis et al. (1979) suggested normal 

drip loss for C-maturity beef with a normal 24 h postmortem pH to be between 1.3 to 

1.6%.  Values in Table 3-6 show that LM from PRE cows had closer to normal drip loss 

values than CON cows due to an ultimate pH further from the isoelectric point (Aberle et 

al., 2001).  However, both groups had below normal drip loss percentages, likely due to 

a pH that was above normal. 

Hunter L*, a*, and b* values did not differ (P ≥ 0.11) between treatments at 

traditional probability levels for both LM and SM (Table 3-6).  However, PRE cows 

exhibited a trend of higher L* and a* values, exhibiting lighter and redder LM and SM 

than CON cows, suggesting a relationship to the lower, more normal pH exhibited by 

PRE cows.  Literature suggests that culls cows on feed have LM Hunter L*, a*, and b* 

values that range from approximately 35.0 to 36.0, 23.0 to 32.0, and 10.0 to 23.0, 

respectively (Cranwell et al., 1996; Patten et al., 2008).  Values for LM in Table 3-6 

indicate a darker, less red, more yellow color from both CON and PRE cows in the 
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current study.  The darker color can be attributed to the greater light absorbance 

associated with elevated postmortem pH. 

Warner-Bratzler Shear Force 

Warner-Bratzler shear force values were similar (P = 0.23) between LM steaks 

from CON and PRE cows (Table 3-7).  The measurements in the current study are 

indicative of average WBSF values from C-maturity beef of 7.5 kg reported by Davis et 

al. (1979).  However, Cranwell et al., (1996) documented D-maturity cows on feed for 

56 d had an average shear force 4.9 kg.  This is more indicative of the cows utilized for 

the study as they have been fed a high energy total mixed ration throughout the 

lactation period.  Shackelford et al. (1991) reported that the threshold to classify young 

maturity LM steaks as ―slightly tender‖ by a trained sensory panel is 3.9 kg.  The shear 

force values recorded in the study were much higher than that of younger maturity beef 

(Davis et al., 1979).  As chronological age increases collagen becomes less soluble 

resulting in cooked meat toughness (Mitchell, et al., 1928).   

Steaks from PRE cows tended (P = 0.07) to lose less weight during cooking than 

steaks from CON cows (Table 3-7).  This was surprising considering steaks from PRE 

cows had a lower ultimate pH and a greater drip loss percentage than steaks from CON 

cows. 

Implications 

On-farm electrolyte supplementation has potential to attenuate pre-slaughter 

dehydration of cull dairy cows.  Cows receiving electrolyte supplementation prior to pre-

slaughter stressors showed a tendency to be more hydrated prior to slaughter.  Treated 

cows also exhibited a lower postmortem pH, and had a more normal muscle water 

holding capacity.  The environment animals were exposed to resulted in a very 
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significant stressor.  All cattle in this study displayed greater transport shrink, increased 

dehydration, elevated postmortem pH, darker muscle color, and less desirable water 

holding capacity than what is expected for cattle during normal marketing conditions.  

However, it suggests that electrolyte supplementation, has the ability to mitigate a 

portion of the aforementioned effects.  Decreasing transport shrink can translate to 

increased profits to the producer when cattle are marketed to the processor, and more 

acceptable muscle quality will provide a more desirable product to the consumer.  

 

 

Table 3-1.  Ingredients of electrolyte supplement 

Ingredient Percent 

Dextrose 94.8 

Sodium Bicarbonate   2.7 

Potassium Chloride   1.5 

Magnesium Sulfate   1.0 

  

Table 3-2.  Effect of on-farm electrolyte supplementation on pre-slaughter body weight 
loss 

 Treatment1   

Item CON PRE SEM2 P-Value 

Initial Weight, kg 654.7 636.0 19.2 0.51 

Post Transport Weight, kg 593.3 573.7 17.8 0.43 
Weight Change, kg -62.0 -63.5 5.0 0.84 

    Weight loss, % -9.2 -10.2 0.7 0.35 
1CON; orally drenched with 1.5 L of water. PRE; orally drenched with 1.5 L of water 
containing 2.4 g of dry electrolyte per kg BW 

2SE of the least squares mean. 
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Table 3-3.  Effect of on-farm electrolyte supplementation on packed cell volume of 
whole blood during pre-slaughter period 

 Treatment1   

Item CON PRE SEM2 P-Value 

Initial PCV, % 35.85 35.34 0.70 0.62 

Pre-slaughter PCV, % 36.40 34.62 0.68 0.08 

PCV Change 0.55 -0.72 0.45 0.06 

    % Change 1.63 -1.74 1.20 0.06 
1CON; orally drenched with 1.5 L of water. PRE; orally drenched with 1.5 L of water 
containing 2.4 g of dry electrolyte per kg BW 

2SE of the least squares mean. 

Table 3-4.  Effect of on-farm electrolyte supplementation on blood plasma protein 
concentration 

 Treatment1  

Item CON PRE P-Value 

Initial plasma protein conc., g/100mL 8.93 ± 0.13 8.95 ± 0.13 0.92 

Pre-slaughter plasma protein conc., 
g/100mL 

9.34 ± 0.12 9.24 ± 0.11 0.60 

    Concentration change, g/100mL 0.41 ± 0.08 0.24 ± 0.08 0.17 
1CON; orally drenched with 1.5 L of water. PRE; orally drenched with 1.5 L of water 
containing 2.4 g of dry electrolyte per kg BW 

Table 3-5.  Carcass characteristics by treatment group 

 Treatment1  

Item CON PRE P - Value 

12th-rib fat, cm 0.50 ± 0.08 0.49 ± 0.08 0.93 
LM area, cm2 67.9 ± 2.7 67.6 ± 2.7 0.94 

Hot carcass wt, kg          313.8 ± 9.8 304.3 ± 9.8 0.51 
Dressing % 53.0 ± 0.7 53.2 ± 0.7 0.83 

Calculated YG
2 

2.8 ± 0.1 2.7 ± 0.1 0.64 
Marbling3           408 ± 28 426 ± 28 0.66 

Lean Maturity4          426 ± 12 382 ± 12 0.02 
Skeletal Maturity4           437 ± 29 417 ± 29 0.63 

Overall Maturity4          432 ± 18 407 ± 18 0.32 
1CON; orally drenched with 1.5 L of water. PRE; orally drenched with 1.5 L of water 
containing 2.4 g of dry electrolyte per kg BW 

2
YG = Yield Grade; calculated using 2.5% KPH.

 

3Marbling score units: 300 = slight00; 500 = modest00. 
4Maturity score units: 200 = B00; 500 = E00. 
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Table 3-6.  Effect of on-farm electrolyte supplementation on LM and SM pH and 
objective color measurements and LM drip loss 

 Treatment1  

Item CON PRE SEM2 P-Value 

LM pH 5.91 5.81 0.04 0.06 

SM pH 5.90 5.85 0.03 0.35 
LM Drip Loss, % 0.61 1.26 0.21 0.04 

     
LM Lightness (L*)3 32.99 34.38 0.82 0.25 

LM Redness (a*)4 18.43 19.25 0.60 0.35 

LM Yellowness (b*)5 15.08 15.99 0.45 0.17 

     
SM Lightness (L*)3 28.32 29.80 0.78 0.19 

SM Redness (a*)4 20.40 21.95 0.66 0.11 

SM Yellowness (b*)5 15.78 17.25 0.63 0.11 
1CON; orally drenched with 1.5 L of water. PRE; orally drenched with 1.5 L of water 
containing 2.4 g of dry electrolyte per kg BW 

2SE of the least squares mean. 
3L* = measure of lightness to darkness (greater value indicates a lighter color). 
4a* = measure of redness (greater value indicates redder color). 
5b* = measure of yellowness (greater value indicates more yellow color). 

Table 3-7. Effect of on-farm electrolyte supplementation on Warner-Bratzler shear force 
and cooking loss 

 Treatment1   

Item CON PRE SEM2 P-Value 

WBSF, kg 6.36 7.02 0.37 0.23 
Cook loss, % -24.24 -22.47 0.66 0.07 
1CON; orally drenched with 1.5 L of water. PRE; orally drenched with 1.5 L of water 
containing 2.4 g of dry electrolyte per kg BW 

2
SE of the least squares mean. 
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CHAPTER 4 
EFFECT OF ON-FARM AND POST-TRANSPORT ELECTROLYTE 

SUPPLEMENTATION ON WEIGHT LOSS, HYDRATION, STRESS, AND MUSCLE 
QUALITY 

Materials and Methods 

Animals and Management 

Experiment and data sampling on farm 

Forty-eight culled, lactating Holstein-Friesian dairy cows were used for this study 

which was conducted over 4 d in mid-December, 2009.  Ambient temperature ranged 

from 12 to 17°C, with an average relative humidity of 87% for the live animal portion of 

the study.  Cows ranged from 20 to 439 days in lactation. 

Cows were housed in an open-sided free-stall barn with concrete flooring with fans 

and misters for cooling.  Test animals originated from a 6,400-cow commercial dairy 

operation in Gilchrist County, FL (29° 45’N, 82° 51’W).  Cows had the same genetic 

base, were milked three times daily, and were fed a total mixed ration ad libitum. 

At 18 h prior to the start of the study, farm management selected and sorted cull 

cows from the lactating herd for use in the trial, then moved them 50 m to a large dirt 

holding pen adjacent to the livestock working area.  Cows were culled based on low 

milk production, reproductive inefficiency, and lameness.  Cows were allowed ad libitum 

access to water for the entirety of the trial. 

At 12 h prior to treatment administration, cows were moved 50 m to a livestock 

working area, and processed through a commercial squeeze chute to determine initial 

weight, then moved back to the vacant holding pen.  Structural soundness score (Scale 

= 1 to 5; 1 = severe mobility issues; 5 = structurally sound) was objectively evaluated.  

Initial weight and days in milk was used to stratify cows into three treatment groups; 
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control (CON), on-farm electrolyte supplemented (PRE), or post-transport electrolyte 

supplemented (POST). 

At 0500 h the following day, cows were withheld from feed.  Cows were moved 50 

m to the working area where they were held in an uncovered working pen bedded with 

sand.  Cows were moved in small groups into a covered, dirt floor working pen which 

was ventilated by fans.  Cows were then secured in a commercial squeeze chute, ear 

tagged, and blood sampled via coccygeal veinipuncture.  Blood samples were collected 

in 10 mL BD Vacutainer tubes (BD Medical Supplies, Franklin Lakes, NJ) containing 

lithium heparin as an anti-coagulant.  A portion of the chilled blood sample was 

immediately placed into two 70µL capillary tubes and centrifuged at 1500 rpm for 15 

min.  The percent solids versus plasma in the capillary tubes was then measured using 

a micro-capillary reader (Damon/IEC Division, Needham Heights, MA) and averaged 

between the two samples to determine PCV (Bull et al., 2000).  The remaining blood 

samples were placed on ice, and after approximately 30 min, were centrifuged at 1500 

rpm for 15 min.  Following centrifugation, two plasma samples were harvested into 1.5 

mL micro-centrifuge tubers and placed on dry ice for immediate freezing.  Samples 

were transported to the University of Florida laboratory and stored at -20°C until utilized 

for analysis. 

Cows (PRE; n = 16) were orally drenched with an electrolyte solution using a 1000 

mL drenching gun.  A dry electrolyte powder consisting of dextrose, sodium 

bicarbonate, magnesium sulfate, and potassium chloride was diluted in 1.5 L of water 

and was administered at a level of 2.4 g per kg of body weight (Table 4-1).  Cows (CON 
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and POST; n = 16, respectively) were given a placebo volume of 1.5 L of water to 

simulate stress associated with drenching activity. 

After exiting the chute, cows were released into an uncovered holding pen bedded 

with sand, and were moved collectively back to the vacant dirt lot at 0930 h, after all 

cows were processed.   

Transport and plant electrolyte treatment 

At 1400 h, cows (n = 30) were loaded randomly onto a 15.24 x 2.5 m pot-belly 

trailer, and the remaining cows (n = 16) were loaded onto an 8.5 x 2.13 m livestock 

trailer at 574 kg/m2.  Care was taken by farm management to load cows with soundness 

issues in the rear compartment of the pot-belly trailer to prevent further injury, as well as 

isolate lighter weight cows on the livestock trailer for ease of transport.  Two cows in the 

POST group were retained by farm management and not utilized for the remainder of 

the study.  The cows were transported 2 h to a commercial beef processing facility.  

Cows were unloaded and randomly placed in two holding pens (n = 23 per pen). 

At 1700 h cows were processed through a squeeze chute, weighed, and blood 

samples collected as described earlier.  Cows (POST; n = 14) were administered an 

electrolyte treatment using the previously described procedure, with CON and PRE 

cows given a placebo volume of 1.5 L of water simulate drenching associated stress. 

Lairage, harvest, and postmortem sampling 

Cows were allowed 8 h lairage time following post-transportation sampling.  At 

0400 h the following day, cows were processed through a squeeze chute, weighed, and 

blood samples were collected as described earlier.  At 1000 h, cattle were stunned and 

humanely slaughtered according to USDA procedures.   
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Longissimus muscle pH was measured at 3 h postmortem and all other carcass 

measurements were taken from the same side at 24 h postmortem.  Fat thickness and 

LM area was measured at the 12th and 13th rib interface.  Internal fat was removed by 

plant personnel on the kill floor, thus KPH percentage was assumed to be 2.5% for all 

carcasses.  Fat thickness, LM area, KPH percentage and hot carcass weight was used 

to calculate USDA yield grade (USDA-AMS, 1997).  Skeletal maturity, lean color 

maturity, and marbling score were evaluated by trained University of Florida personnel.  

A 5 cm thick section of LM originating from the 13th rib interface and inside round, cap 

off (NAMP 169A) was collected. 

Following a 30 min bloom time, objective lean color analysis (L*, a*, and b*) were 

collected from the anterior LM end and from three measurements on the medial side of 

the SM using a Hunterlab Miniscan XE Plus (Hunter Laboratory, Reston, VA) with an 

illuminant setting of D65/10 calibrated to a black tile and white tile.  Intramuscular pH 

was measured from the same location of respective muscle using a portable self-

equilibrating pH meter (HI 99163, Hannah Instruments U.S.A., Woonsocket, RI).  During 

fabrication a 5 cm thick portion of the LM was removed, from which a 2.5 cm thick steak 

was cut for Warner Bratzler shear force (WBSF) analysis.   

From the remaining LM portion, a section of LM trimmed of external fat (12.24 g ± 

1.55) was removed for drip loss analysis.  The LM samples were weighed, recorded and 

placed in 50 g Whirl-pak bags (Nasco International, Fort Atkinson, WI) with 

corresponding identifications in 4 ± 2° C for 24 h.  After 24 h, each sample was 

reweighed and drip loss was calculated by dividing the weight difference by initial weight 

x 100. 
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Blood Analysis 

Plasma samples were thawed at room temperature for 30 min, and 25 µL of 

plasma was used in a commercial EIA kit (Diagnostic Systems Laboratory, Webster, 

TX) to determine plasma cortisol concentrations.  An additional 100 µL of plasma was 

utilized to analyze PP concentration.  Concentrations were measured using a 

temperature compensated hand-held refractometer (Reichert, Inc., Depew, NY). 

Warner-Bratzler Shear Force 

Shear steaks were vacuum packaged and aged for 14 d at 4 ± 2°C and then frozen 

at -40°C.  Frozen steaks were removed, weighed, and thawed for 24 h at 4 ± 2°C.  

Steaks were then cooked on Hamilton Beach HealthSmart indoor/outdoor grills 

(Hamilton Beach, Proctor-Silex, Inc., Southern Pines, NC) that were preheated for 20 

min.  Steaks were turned once when an internal temperature of 35°C was achieved, and 

continued cooking until they reached an internal temperature of 71°C (AMSA, 1995).  

Internal temperatures were monitored using a copper-constantan thermocouple (Omega 

Engineering Inc., Stamford, CT) placed in the geometric center of each steak, and were 

recorded using a 1100 Labtech Notebook for Windows 1998 (Computer Boards, Inc., 

Middleboro, MA).  Steaks were then chilled for 24 h at 4 ± 2°C.  After chill, 6 cores, 1.27 

cm in diameter were removed parallel to the longitudinal orientation of the muscle fibers.  

The cores were then sheared perpendicular to the longitudinal orientation of the muscle 

fibers, using an Instron Universal Testing machine, Model 3343 (Instron Corportaion, 

Canton, MA) with a Warner-Bratzler shear head at a cross-head speed of 200 mm/min. 

Statistical Analysis 

All results were analyzed as a completely randomized design with individual cow 

as the experimental unit for all variables measured.  The GLM procedure of Statistical 
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Analysis System V. 9.2 (2008, SAS Inst. Inc., Cary, NC) was used to test the model.  

Soundness score and days in lactation were used as covariates in the model. 

Orthogonal contrast to compare CON and POST treatments to PRE treatment for 

measurements taken immediately following transport were analyzed using a Dunnett’s 

test.  Least square means were calculated for the main effect of electrolyte treatment, 

and separated statistically using pair wise t-tests (P-DIFF option of SAS) when a 

significant (P < 0.05) F-test was detected. 

Results and Discussion 

Weight Loss and Hydration 

On-farm electrolyte treatment tended to improve absolute weight loss (P = 0.10) 

and weight loss percentage (P = 0.06) during transportation for PRE cows compared to 

CON and POST cows (Table 4-2).  There were no differences in weight loss (P = 0.28) 

and weight loss percentage (P = 0.46) during lairage between POST, CON and PRE 

cows.  Cows receiving POST electrolyte supplementation reported a trend of lower 

actual weight loss and weight loss percentage than CON and PRE cows.  Treatments 

did not differ for absolute weight loss (P = 0.22) or weight loss percentage (P = 0.42) 

over the duration of transport and lairage.  However, CON cows had numerically greater 

weight change and percentage weight loss than electrolyte treated cows.  These results 

are consistent with work done by Gortel et al. (1992) reporting improvements in weight 

loss in beef bulls given electrolyte therapy prior to transport.  Gortel et al. (1992) 

attributed the lowered weight loss to the additional extracellular fluid volume found in 

treated bulls in their study.  It is anticipated that the sodium and potassium 

supplementation increases cellular osmolarity, allowing for more fluid uptake and 

retention at the cellular level.  It has also been reported that cattle supplemented with 
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dietary sodium have increased water intake (Escobosa et al., 1984).  Treated cows 

could have consumed more water following respective electrolyte treatments, which 

would have effects on rumen and gastrointestinal fill, as well as cellular water 

absorption. 

Cows from trial 2 had greater transport shrink compared to cows from trial 1.  This 

was in large part attributed to when cows were removed from feed prior to initiation of 

the studies.  Cows from trial 1 had a 12 h period in which feed was deprived, which 

likely resulted in a large portion of weight loss prior to starting the study, as compared to 

trial 2, in which cows had access to feed up until initial samples were taken.  Thus, cows 

from trial 2 had more available weight to be lost via gastric emptying over the duration of 

the study.  Cows from trial 1 likely excreted much of the rumen and gastrointestinal 

contents during the 12 h before the study began. 

Results for PCV as an indication of hydration are reported in table 4-3.  The post-

transport PCV change for PRE cows did not differ (P = 0.49) from CON and POST 

cows, although PRE cows exhibited a trend of a lower numerical increase in PCV 

change than CON and POST groups.  There were no statistical differences (P = 0.22) in 

PCV change after lairage between POST cows and CON and PRE cows.  However, 

POST cows exhibited a trend of decreased PCV change after lairage, while both CON 

and PRE groups showed a trend to increase.  Over the duration of transport and 

lairage, there were no differences (P = 0.29) in PCV change between treatments.  

Again, however, PRE and POST cows had lower increases in PCV change than CON 

cows. 
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Initial PCV percentage values of all cows in this study were substantially lower 

than those reported in Chapter 3 (Table 3-3).  Additionally, the PCV of these cows was 

similar to the value of 33.8%reported by Lane and Campbell (1969) for lactating dairy 

cows in a thermoneutral environment.  The difference in ambient temperature impacted 

the differences in initial PCV percentage value between the two trials.  Cows from trial 2 

also required less handling due to more appropriate working facilities, were kept on dirt 

rather than concrete, and were exposed to fans during processing, compared with cows 

from trial 1; all of which could have impacted physiology.   

Plasma Protein and Cortisol Concentration 

Following transport, PRE cows had a greater PP concentration increase (P = 0.03) 

than CON and POST cows (Table 4-4).  Following lairage, POST cows had a decrease 

in PP concentration change which differed (P ≤ 0.01) from CON and PRE cows.  Both 

CON and PRE treatments had an increase.  Over the duration of transport and lairage, 

POST cows had a lower (P ≤ 0.01) PP concentration change than CON and PRE cows. 

All cows had initial PP concentrations similar to basal levels reported by Knowles 

et al. (1999) and Parker et al. (2003).  Additionally, cows in the current trial had 

markedly lower initial PP values than cows in Chapter 3 (Table 3-4), complimenting the 

results for PCV suggesting cows from trial 2 were subjected to a less stressful 

environment.  Results from PP concentration change suggest cull dairy cows should be 

supplemented after transport to the slaughter facility. 

During transportation, there was no difference (P = 0.98) between PRE and CON 

and POST treatments in cortisol concentration change, however PRE cows tended (P = 

0.09) to have a higher initial plasma cortisol concentration prior to transport than CON 

and POST cows (Table 4-5).  During lairage, there was no difference (P = 0.13) 
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between treatments in cortisol concentration, however POST and PRE cows appeared 

to have a trend of lower plasma cortisol concentration increases compared to CON 

cows (Table 4-5).  Over the duration of transportation and lairage, cortisol concentration 

changes did not differ (P = 0.58) between treatments, however, PRE and POST treated 

cows again exhibited a trend of lower numerical cortisol concentration increases (Table 

4-5). 

Cortisol concentrations were greater than reports for cortisol concentrations of 

lactating dairy cows reported by multiple authors (Lay et al., 1992; Knowles et al., 

1999).  The findings for cows from this study to have normal PCV values but greater 

than normal PP concentrations are likely affected by the greater than normal plasma 

cortisol concentrations (Smith and Hamlin, 1970; Siebert and Macfarlane, 1975). 

Meat Quality 

Descriptive statistics of carcass traits by treatment are presented in Table 4-6. 

There were no differences (P ≥ 0.11) between treatments with carcass characteristics, 

with the exception of marbling score (P = 0.03).  However, results do not indicate that 

electrolyte supplementation caused an improvement in marbling score.  Cows utilized 

for the study exhibited comparable carcass traits to dairy cow carcass characteristics 

reported in the 2007 NFBQA (NCBA, 2007).  Pre-slaughter electrolyte supplementation 

did not affect (P ≥ 0.27) LM or SM pH or objective lean color (Table 4-7).  Longissimus 

samples from POST carcasses tended to have less drip loss (P = 0.09) than CON and 

PRE carcasses (Table 4-7).  Carcasses from trial 2 had markedly lower, more normal 

intramuscular pH values than those from trial 1, again suggesting a less stressful 

environment pre-slaughter (Table 3-6).  Also, the shortened feed withdrawal period for 

cows from trial 2 likely allowed for more availability of muscle glycogen, thus 
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contributing to less variability in lean quality attributes.  The similar pH values between 

treatments led to similar objective lean color values (Table 4-7; Page et al., 2001). 

Warner-Bratzler Shear Force and Cooking Loss 

Pre-slaughter electrolyte treatment did not effect WBSF values (P = 0.87) or 

cooking loss (P = 0.17) of LM steaks (Table 4-8).  Longissimus muscle steaks from trial 

2 had WBSF values that would be considered very tough (Shackelford et al., 1991). 

Implications 

Electrolyte supplementation had a greater effect on reducing body weight shrink in 

the current study than trial 1.  Pre-slaughter electrolyte treatment improved the change 

in packed cell volume percentage and plasma protein concentration compared to 

control cows, suggesting supplemented cows were more hydrated and mobilized less 

tissue protein.  Specifically, cows given post-transport supplementation had better PCV 

and PP results than pre-transport supplemented cows.  Electrolyte treatment had no 

effect on any measurement of lean quality or carcass characteristics.  All treatments 

exhibited normal muscle pH and water holding capacity. 

The differences in ambient temperature and handing stress between trial 1 and 2 

likely had a major impact on weight loss and hydration variables, as well as ultimate 

intramuscular pH and water holding capacity between treatments.  Consequently, it is 

expected that dietary electrolyte therapy is more efficacious when supplemented during 

periods of high heat stress, rather than more temperate environments.  

The results from this research lead to the question, would electrolyte 

supplementation both pre- and post-transport have an additive effect on results?  More 

research remains to be conducted on multiple supplementations for this to be proven.  

The current results suggest that pre-slaughter electrolyte treatment has the potential to 
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reduce live weight loss during transportation and lairage when administered either prior 

to transportation or lairage.  If weight loss is minimized in tissues associated with the hot 

carcass, there is potential for increased revenue to the producer when marketing cows 

to the processor on the rail.  

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Table 4-1.  Ingredients of electrolyte supplement 

Ingredient Percent 

Dextrose 94.8 
Sodium Bicarbonate   2.7 
Potassium Chloride   1.5 
Magnesium Sulfate   1.0 
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Table 4-2.  Effect of pre and post-transport electrolyte supplementation on weight loss during transport and lairage 

 Treatment1 P-Values 

 
Item 

CON 
(n = 16) 

PRE 
(n = 16) 

POST 
(n = 14) 

CON + POST 
(n = 30) 

 
Treatment 

PRE vs. 
Others 

Initial weight, kg -             726.0 ± 27.6 -         730.3 ± 33.8 -             0.90 
Post-transport weight, kg 671.4 ± 23.0 670.3 ± 23.0 628.6 ± 25.0  650.0 ± 28.6 0.38 0.48 
Pre-harvest weight, kg2 642.4 ± 22.9 639.5 ± 22.9 624.2 ± 24.9 - 0.85 -      
       
Transport weight loss, kg - 57.6 ± 13.0 - 79.6 ± 13.0 - 0.10 
     Transport shrink, % - -8.58 ± 1.99 - -12.45 ± 1.99 - 0.06 
Lairage weight loss, kg3 28.9 ± 12.0 30.8 ± 12.0 4.5 ± 13.1 - 0.28 - 
     Lairage shrink, % -4.41 ± 1.96 -4.98 ± 1.96 -1.52 ± 2.12 - 0.46 - 
Total weight change, kg4 109.6 ± 10.9 88.4 ± 10.9 83.1 ± 11.9 - 0.22 - 
     Total shrink, % -17.07 ± 1.89 -13.77 ± 1.89 -14.13 ± 2.05 - 0.42 - 
1
CON, orally drenched with 1.5 L of water pre and post-transport; PRE, orally drenched with 1.5 L of water containing 2.4 

g of dry electrolyte per kg BW prior to transport; POST, orally drenched with 1.5 L of water containing 2.4 g of dry 
electrolyte per kg BW after transport. 

2Measured after 8 h lairage period, approximately 3 h prior to harvest. 
3Weight loss over 8 h lairage period after second electrolyte or placebo supplementation was administered. 

4Weighloss from first electrolyte or placebo treatment to approximately 3 h prior to harvest. 
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Table 4-3. Effect of pre and post-transport electrolyte supplementation on packed cell volume (PCV)

 Treatment1 P-Values 

 
Item 

CON 
(n = 16) 

PRE 
(n = 16) 

POST 
(n = 14) 

CON + POST 
(n = 30) 

 
Treatment 

PRE vs. 
Others 

Initial PCV, % -          32.38 ± 0.91 -         32.35 ± 1.12 -      0.97 
Post-transport PCV, % 33.83 ± 0.83 33.09 ± 0.83 32.90 ± 0.90  33.37 ± 1.03 0.72 0.79 

Pre-harvest PCV, %2 34.72 ± 0.78 33.73 ± 0.78 32.54 ± 0.84 - 0.18 -      

       

Transport PCV change, 
% 

- 0.60 ± 0.52 - 0.96 ± 0.52 - 0.49 

Lairage PCV change, %3 0.89 ± 0.49 0.64 ± 0.49 -0.36 ± 0.54 - 0.22 - 
Total PCV change%4 1.83 ± 0.51 1.24 ± 0.51 0.62 ± 0.55 - 0.29 - 
1CON, orally drenched with 1.5 L of water pre and post-transport; PRE, orally drenched with 1.5 L of water containing 
2.4 g of dry electrolyte per kg BW prior to transport; POST, orally drenched with 1.5 L of water containing 2.4 g of dry 
electrolyte per kg BW after transport. 
2Measured after 8 h lairage period, approximately 3 h prior to harvest. 

3PCV change over 8 h lairage period after second electrolyte or placebo supplementation was administered.  

4PCV change from first electrolyte or placebo treatment, until approximately 3 h prior to harvest. 
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Table 4-4.  Effect of pre and post-transport electrolyte supplementation on plasma protein (PP) concentration 

 Treatment1 P-Value 

 
 
Item 

 
CON 

(n = 16) 

 
PRE 

(n = 16) 

 
POST 

(n = 14) 

CON + 
POST 

(n = 30) 

 
 

Treatment 

PRE 
vs. 

Others 

Initial plasma protein conc., g/100 
mL 

-   7.92 ± 0.20 -     8.27 ± 0.25 -      0.18 

Post transport plasma protein conc., 
g/100 mL 

  8.39 ± 0.20 8.53 ± 0.20 9.07 ± 0.22   8.73 ± 0.25      0.07 0.43 

Pre-harvest plasma protein conc., 
g/100 mL 

  8.54 ± 0.22 8.70 ± 0.22 8.81 ± 0.23 -      0.69 -     

    Transport PP change, g/100 mL2 - 0.61 ± 0.07 - 0.45 ± 0.07 -    0.03 
    Lairage PP change, g/100 mL3   0.15 ± 0.08a 0.17 ± 0.08a  -0.26 ± 0.08b -   < 0.01 - 
    Total PP change, g/100 mL4   0.61 ± 0.08a 0.78 ± 0.08a 0.19 ± 0.09b -   < 0.01 - 
1CON, orally drenched with 1.5 L of water pre and post-transport; PRE, orally drenched with 1.5 L of water containing 
2.4 g of dry electrolyte per kg BW prior to transport; POST, orally drenched with 1.5 L of water containing 2.4 g of dry 
electrolyte per kg BW after transport. 

2Measured after 8 h lairage period, approximately 3 h prior to harvest. 

3Change over 8 h lairage period after second electrolyte or placebo supplementation was administered. 

4Change from first electrolyte or placebo treatment, until approximately 3 h prior to harvest. 

a,b,c Within a row, values lacking a common superscript letter differ (P < 0.05). 
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Table 4-5.  Effect of pre and post-transport electrolyte supplementation on plasma cortisol concentration 

 Treatment
1
 P-Value 

 
 
Item 

 
CON 

(n = 16) 

 
PRE 

(n = 16) 

 
POST 

(n = 14) 

 
CON + POST 

(n = 30) 

 
 

Treatment 

PRE 
vs. 

Others 

Initial cortisol conc., µg/dL - 7.62 ± 1.46 -   5.04 ± 1.46 -        0.09 
Post-transport cortisol conc.,  
µg/dL 

  4.83 ± 1.75 8.72 ± 1.75    7.07 ± 1.89   5.95 ± 2.17      0.30    0.21 

Pre-harvest cortisol conc.,  
µg/dL 

13.12 ± 2.12 11.02 ± 2.12    9.12 ± 2.30 -      0.45 -   

    Transport cortisol change,  
µg/dL 2 

- 1.07 ± 2.70 -   1.00 ± 2.70 -        0.98 

    Lairage cortisol change,  
µg/dL 3 

  8.29 ± 2.34 2.31 ± 2.34    2.06 ± 2.54 -      0.13 -   

    Total cortisol change,  
µg/dL 4 

  6.94 ± 2.39 3.38 ± 2.39    5.39 ± 2.59 -      0.58 -   

1CON, orally drenched with 1.5 L of water pre and post-transport; PRE, orally drenched with 1.5 L of water containing 
2.4 g of dry electrolyte per kg BW prior to transport; POST, orally drenched with 1.5 L of water containing 2.4 g of dry 
electrolyte per kg BW after transport. 

2Measured after 8 h lairage period, approximately 3 h prior to harvest. 

3Change over 8 h lairage period after second electrolyte or placebo supplementation was administered.  

4Change from first electrolyte or placebo treatment, until approximately 3 h prior to harvest. 

a,b,c Within a row, values lacking a common superscript letter differ (P < 0.05). 
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Table 4-6.  Carcass characteristics by treatment group 

 Treatment1  

Item Control PRE POST P - Value 

12th-rib fat, cm 0.27 ± 0.07 0.30 ± 0.07 0.13 ± 0.07 0.22 
LM area, cm2 58.4 ± 3.3 60.2 ± 3.3 57.3 ± 3.6 0.84 
Hot carcass wt, kg 328.7 ± 11.9 321.2 ± 11.9 309.0 ± 12.9 0.53 
Dress % 51.1 ± 1.1 50.1 ± 1.1 49.8 ± 1.2 0.65 
Calculated YG2 3.1 ± 0.1 3.0 ± 0.1 2.9 ± 0.2 0.58 
Marbling3 392 ± 39 459 ± 39 302 ± 42 0.03 
Lean Maturity4 427 ± 26 438 ± 26 490 ± 28 0.23 
Skeletal Maturity4 414 ± 38 418 ± 38 516 ± 41 0.14 
Overall Maturity4 418 ± 30 430 ± 30 506 ± 32 0.11 
1CON, orally drenched with 1.5 L of water pre and post-transport; PRE, orally 
drenched with 1.5 L of water containing 2.4 g of dry electrolyte per kg BW prior to 
transport; POST, orally drenched with 1.5 L of water containing 2.4 g of dry electrolyte 
per kg BW after transport. 

2YG = Yield Grade; calculated using 2.5% average KPH. 
3Marbling score units: 300 = slight00; 500 = modest00. 
4Maturity score units: 200 = B00; 500 = E00. 
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Table 4-7.   Effect of pre and post-transport electrolyte supplementation on pH and objective color measurements of the 
LM and semimembranosus and LM drip loss 

 Treatment
1 

 

Item CON PRE POST P-Value 

3 h postmortem LM pH 7.02 ± 0.07 7.14 ± 0.07 7.03 ± 0.07 0.43 
24 h postmortem LM pH 5.67 ± 0.03 5.69 ± 0.03 5.68 ± 0.03 0.88 

24 h postmortem SM pH 5.64 ± 0.03 5.66 ± 0.03 5.67 ± 0.03 0.81 
LM drip loss, % 1.79 ± 0.27 1.20 ± 0.27 0.91 ± 0.30 0.09 
     

LM Lightness (L*)2 22.62 ± 0.99 22.10 ± 0.99 20.63 ± 1.07 0.39 
LM Redness (a*)3 25.28 ± 0.77 24.17 ± 0.77 24.51 ± 0.83 0.58 
LM Yellowness (b*)4 20.41 ± 0.62 19.11 ± 0.62 19.17 ± 0.67 0.27 

     
SM Lightness (L*)2 20.42 ± 1.30 19.95 ± 1.30 21.48 ± 1.41 0.72 
SM Redness (a*)3 25.68 ± 1.04 27.55 ± 1.04 25.95 ± 1.13 0.40 

SM Yellowness (b*)4 19.67 ± 0.80 19.96 ± 0.80 20.23 ± 0.87 0.89 
1CON, orally drenched with 1.5 L of water pre and post-transport; PRE, orally drenched with 1.5 L of water containing 2.4 
g of dry electrolyte per kg BW prior to transport; POST, orally drenched with 1.5 L of water containing 2.4 g of dry 
electrolyte per kg BW after transport. 

2L* = measure of darkness to lightness (greater value indicates a lighter color)  
3a* = measure of redness (greater value indicates a redder color); 
4b* = measure of yellowness (greater value indicates more yellow color). 
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Table 4-8.  Effects of pre and post-transport electrolyte supplementation on Warner-
Bratzler shear force and cooking loss 

 Treatment1  

Item CON PRE POST P-Value 

WBSF, kg 9.14 ± 0.47 9.39 ± 0.47 9.48 ± 0.51 0.87 

Cooking loss, % -23.64 ± 0.97 -21.49 ± 0.97 -23.95 ± 1.05 0.17 
1CON, orally drenched with 1.5 L of water pre and post-transport; PRE, orally drenched 
with 1.5 L of water containing 2.4 g of dry electrolyte per kg BW prior to transport; 
POST, orally drenched with 1.5 L of water containing 2.4 g of dry electrolyte per kg 
BW after transport. 
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