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ABSTRACT 

Effects of weaning on metabolic profiles and hepatic IGF-1 mRNA of beef dams 

(Trial 1), and diet effects for early-weaned (EW) steers on response to an infectious 

bovine herpesvirus-1 (BHV-1) challenge (Trial 2) were investigated. Trial 1 treatments 

were arranged in a 2 x 2 factorial and included 14 heifers and 14 cows assigned randomly 

to one of two treatment regimens: EW (average age of 114 ± 13 d) or normal-weaned 

(NW, average age of 197 d). Heifers with calves EW experienced a greater increase 

(parity x weaning; P = 0.02) in BW over heifers with calves NW, but no change in BW 

due to weaning was observed for cows (P > 0.71). Early weaning (vs. NW) increased (P 

< 0.05) body condition (BC) and change in BC of all dams. No parity x weaning or 

parity x weaning x d interactions (P >0.14) were observed for serum IGF-1, NEFA, or 

urea nitrogen (SUN). A parity x d interaction (P < 0.05) for hepatic IGF-1 mRNA, serum 

IGF-1, and SUN was observed, but no differences (P >0.10) were detected between 

heifers and cows within d. For Trial 2, backgrounding treatments included a 

bermudagrass hay diet (CTRL); bermudagrass hay plus soybean meal (SBM) fed at 

0.175% of BW (as-fed); bermudagrass hay plus SBM at 0.35% of BW; or a 70% 

concentrate (CONC) diet. During the receiving phase, all steers were fed CONC and 

intranasally challenged with BHV-1. Treatment x d interactions (P <0.01) were 

observed for serum NEFA, total protein, SUN, glucose, immunoglobulin G (IgG), 

insuUn, and rectal temperature. Three d after the BHV-1 challenge, IgG was greater (P < 

0.05) for forage-fed steers vs. CONC. Three and 4 d after the challenge, rectal 

temperature was greater (P < 0.01) for protein supplemented steers vs. CTRL. Therefore, 
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EW can increase BW and BC of first-calf heifers and decrease SUN in first-calf heifers 

and mature cows, and a higher quality diet fed to EW steers during a backgrounding 

phase enhances ADG and G:F, and increases febrile response (measured by rectal 

temperature) to an infectious BHV-1 respiratory challenge. 
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CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW 

Introduction 

Early weaning (EW) calves can be a viable production practice, especially in the arid 

southwest region of the United States where drought is a common occurrence. Early 

weaning can increase available forage, which may decrease the severity of negative 

energy balance (NEB) of the dam by decreasing net energy and nutrients needed for 

lactation. Depending on NEB severity, body weight and body condition decrease and 

concentrations of non-esterified fatty acids and serum urea nitrogen increase due to 

adipose and protein catabohsm, respectively (Richards et al., 1989; Obeidat et al., 2002). 

Utilizing body energy reserves can be detrimental to dam performance and reproductive 

proficiency (Bellows et al, 1982; Mills et al., 1986). 

The onset of estrous after parturition is delayed when there is insufficient energy for 

maintenance (Short and Adams, 1988). In addition, hepatic insulin-like growth factor-1 

messenger RNA (IGF-1 mRNA) decreases which results in decreased hepatic IGF-1 

production, due to the uncoupling of the somatotropic axis (Breier et al., 1988; McGuire 

et al., 1995; Roberts et al., 1997). Decreasing serum IGF-1 has been associated with 

poor growth and reproductive performance in cattle (Yung, 1996; Lalman et al., 2000; 

Butler and Le Roith, 2001). 

Early weaning can increase conception rate, decrease interval from parturition to 

conception (Lusby et al., 1981; Houghton et al., 1990), and shorten calving interval 
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(Barnes et al, 1996). Therefore, proper management of first-calf heifers and mature 

cows during periods of nutritional distress is important. Nutritional programs can be 

more effectively developed and evaluated if research continues to integrate production 

decisions with metabolic and cellular responses. Thus, objectives of Trial 1 were to 

analyze effects of weaning programs on metabolic profiles and hepatic IGF-1 mRNA of 

first-calf heifers and mature cows grazing rangelands in the arid southwest region of the 

United States. 

Early-weaned calves can be backgrounded on forages or placed directly in a feeding 

facility. Determining the most appropriate protein supplementation regimen is a major 

interest in cattle backgrounded on forages, since protein is considered an integral part of 

growth and an expensive diet constituent. A concern with young calves on non-

supplemented, low-quality forage is that nitrogen may be insufficient, thus limiting 

microbial synthesis and decreasing intake, digestibility, and overall performance (Owens 

etal, 1991; Russell, 1998). Furthermore, steers backgrounded on low-quality forages 

may become more susceptible to immune challenges such as respiratory disease during a 

feedlot receiving phase. It is not known what the effects of protein supplementation of 

low quality forage (fed during a backgrounding phase) is on the immune response during 

a feedlot receiving period. Therefore, Trial 2 analyzed diet effects for early-weaned 

crossbred beef steers on metabolic profiles and febrile response to an infectious bovine 

herpesvirus-1 (BHV-1) challenge. 
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Literature Review 

Heifers and Cows 

Production 

The arid southwest region of the United States has recurring periods of drought in 

which forage availabiUty declines. Drought can reduce plant leaf area and root growth, 

and may cause plants to translocate nutrients from leaves to roots as they transition into 

dormancy (Briske and Wilson, 1980; Buxton and Mertens, 1995). Overgrazing becomes 

increasingly detrimental during drought when plant material decreases, resulting in 

reduced plant photosynthetic capacity, growth, and survival (Kephart et al., 1995). 

Consequently, producers should continually evaluate not only animal production 

parameters, but current and future rangeland resource availability to decide if EW 

(reducing animal units) will be economically feasible. 

Milk production in beef cattle, steadily increases and generally peaks within 1.5 to 

2.5 months postpartum in beef cattle (Jenkins and Ferrell, 1992; Lalman et al., 2000; 

NRC, 2000). A summary of previous research by NRC (2000) indicates maintenance 

requirements of lactating beef cows to be about 20% higher than non-lactating beef cows. 

In addition, mature beef cows in early lactation (2 to 3 months postpartum) require an 

average of 15.71 Mcal/d of net energy for maintenance (NEm; NRC, 2000). To meet 

energy requirements, each lactating cow requires access to about 12 kg of forage DM/d, 

if available forage contained 1.3 Mcal/kg of NEm (NRC, 2000). In contrast, a dry, non

pregnant cow could meet NEm by consuming about 8 kg of forage DM/d (NRC, 2000). 

. Cattle grazing open ranges (vs. pastured cattle) may require greater daily DMI, because 
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NEm requirements can increase by 10 to 20%, or more, depending on variables such as 

grazing efficiency, forage and water availability, terrain, and weather conditions (Kearl, 

1982; McDowell, 1985). Also, drought conditions can decrease the energy in forages as 

plants become dormant and allocate nutrients below ground. If an animal is unable to 

consume enough forage to meet its energy requirements, it transitions into a negative 

energy balance (NEB) which directly influences body weight (BW), body condition 

(BC), metabolism, endocrine status, and overall performance. Therefore, forage 

production and quality may become insufficient during drought to supply needed 

nutrients and energy to maintain dam BW and BC, especially during early lactation. 

The degree of a NEB not only depends on forage attributes, but on genetic merit of 

the animal. At peak lactation (8.8 wk postpartum; 8.5 kg of milk/d) mature Hereford 

cows produced less milk (1 to 3.4 kg/d less) than purebred Angus, Braunvieh, Charolais, 

Gelbvieh, Limousin, Red Poll, and Simmental cows (Jenkins and Ferrell, 1992). Angus 

and Angus-sired crossbred heifers on a low-energy diet produced an average of 5.14 kg 

of milk/d (Lalman et al., 2000). Cattle with low genetic milking capabilities would 

potentially have greater postpartum energy balances, therefore be better adapted to 

drought conditions. 

Terminating milk production by early weaning (EW) can reduce the need for 

endogenous gluconeogenic precursors, thus can decrease lipolysis and proteolysis. 

Therefore, by decreasing energy requirements and increasing dam nutrient retention, EW 

can increase BC, average daily gain (ADG), and conception rate, decrease interval from 

parturition to conception (Lusby et al., 1981; Houghton et al., 1990), and shorten calving 



16 

interval (Barnes et al., 1996). Additionally, Bartle et al. (1984) reported that 1 kg of calf 

gain requires 7.5 kg of milk and 2.3 kg of creep feed. Thus, depending on production 

goals and considering the benefits of EW on dam performance and forage production, it 

may be more efficient (nutritionally) to feed the calf directly, than it is to feed the cow to 

produce milk for the calf 

Serum Metabolites 

Metabolic profiles such as non-esterified fatty acids (NEFA) and serum urea 

nitrogen (SUN) can be used to evaluate occurrence and severity of a NEB. Cattle that 

transition into a NEB have increased concentrations of NEFA and SUN due to adipose 

and protein catabolism, respectively (McCann and Hansel, 1986; Richards et al., 1989; 

Obeidat et al., 2002). Utilizing body energy reserves can be detrimental to dam 

performance (Bellows et al., 1982; Mills et al., 1986; Perry et al., 1991). Dietary fat and 

protein intake can also affect NEFA and SUN concentrations (Hutcheson et al., 1984). If 

circulating concentrations of NEFA remain elevated, hepatic tissues begin storing 

triglycerides which can develop into fatty liver disease (Fraser et. al., 1991; Grummer, 

1993; Vandehaar et. al, 1999). When hepatocytes become infiltrated with triglycerides, 

gluconeogenesis and overall hepatic function are compromised (Mills et al., 1986; 

Grummer, 1993; Cadomiga-Valino et al., 1997). Glucose production is especially 

critical during early lactation when hepatic gluconeogenesis is accelerated to meet 

lactation requirements. To meet lactation requirements, the dam has to either increase 

nutrient intake above maintenance requirements, or increase the use of endogenous 
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gluconeogenic precursors (Bell, 1995). Therefore, terminating milk production may 

decrease problems associated with fatty livers by reducing circulating NEFA 

concentrations and severity of a NEB. 

Somatotropic Axis 

Detailed reviews of the somatotropic axis are available (Florini et al., 1996; 

Etherton and Bauman, 1998; Butler and Le Roith, 2001; Le Roith et al., 2001). The 

somatotropic axis is altered during a NEB leading to tissue catabolism and the 

partitioning of nutrients towards maintenance of vital tissues and away from adipose and 

protein deposition (Bauman and Currie, 1980; Ronge et al., 1988; McGuire et al., 1995). 

Growth hormone (GH) is produced in the anterior pituitary and enhances IGF-1 gene 

transcription through growth hormone receptors (GHR) located throughout body tissues 

(Harvey and Hull, 1995; Woods and Savage, 1999). The hepatic growth hormone 

receptor population can decrease during a NEB, which decreases intracellular signaling, 

thus decreases IGF-1 mRNA production and eventually circulating IGF-1 concentrations 

(Harvey and Hull, 1995). The somatotropic axis is often "uncoupled" during a NEB, as 

IGF-1 becomes less responsive to GH and the negative feedback mechanism of IGF-1 on 

circulating GH is diminished, resulting in increased concentrations of GH (Breier et al., 

1988; McGuire et al., 1995; Roberts et al., 1997). Furthermore, growth hormone has 

anti-insulin effects whereby it decreases lipogenesis and increases lipolysis, thus 

decreases BW (Scanes, 1995). 
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Low circulating IGF-1 has been associated with poor growth and reproductive 

performance in cattle (McGuire et al., 1992; Funaba et al., 1996). Heifers in a NEB have 

lower levels of serum IGF-1, and produce smaller corpus luteums which produce less 

progesterone than heifers in a positive energy balance (Yung, 1996). Dams have the 

ability to transition into a more positive (or at least less negative) energy balance when 

milk production is terminated, which has been shown to increase serum IGF-1 

concentrations in dairy cattle (Ronge et al., 1988; Vicini et al., 1991). 

Proper management of first-calf heifers and mature cows during periods of 

nutritional distress is important. Nutritional programs can be more effectively developed 

and evaluated if research continues to integrate production decisions with metabolic and 

cellular responses. Therefore, Trial 1 of this study analyzed effects of weaning programs 

on metabolic profiles and hepatic IGF-1 mRNA of first-calf heifers and mature cows 

grazing open rangelands of the arid southwestern United States. 

Early-weaned Steers 

Production 

Calves that are EW can be backgrounded on forages or placed directly in a feeding 

facility. Early-weaned calves fed a high concentrate diet have consistently shown greater 

BW, ADG, and gain to feed (G:F) ratios than normal-weaned (NW) pastured calves or 

calves fed high fiber diets (Barker-Neef et al., 2001; Schoonmaker et al., 2001; 2003). 

Myers et al. (1999a) reported an increase in ADG in steers weaned at 90 d and fed a 
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concentrate diet vs. steers left nursing their mothers while grazing endophyte-infected tall 

fescue and red clover pastures. 

Determining the most appropriate protein supplementation regimen is a major 

interest in cattle backgrounded on forages, since protein is considered an integral part of 

growth and overall well-being and is an expensive diet constituent. A concern with 

young calves on low-quality forages is that nitrogen may be insufficient, thus limiting 

microbial synthesis and decreasing intake, digestion, and overall performance (Owens et 

al., 1991; Russell, 1998). When bacteria have insufficient nitrogen (N), their growth 

efficiency decreases and their mortality increases (Owens et al., 1991). Supplementing 

forages (dormant tallgrass prairie, 6.9% CP; bromegrass hay, 8.9% CP) with protein 

increased steer (yearlings; average initial BW = 286 kg) DMI and ADG (Bodine and 

Purvis, 2003; Ludden et al., 2003). Beaty et al. (1994) reported that as crude protein 

(CP) concentration in supplements increased from 10 to 40%, straw (3.1% CP) DMI 

increased quadratically, whereas DM and neutral detergent fiber digestion increased 

linearly in yearling cattle. 

The type of CP in feedstuffs and supplements also affects DMI and digestibility. 

Bandyk et al. (2001) reported that ruminal ammonia N concentrations were higher with 

degradable intake protein (DIP) than undegradable intake protein (UIP) supplements. 

This study also reported that DIP elicited a greater increase in tallgrass-prairie hay intake 

than UIP supplements in yearling cattle (average initial BW = 563 kg). Therefore, DIP 

resulted in greater forage organic matter intake and total digestible organic matter intake 

compared with UIP in yearling cattle. Other studies have shown no differences in (DMI) 
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during the growing period between forage- and concentrate-fed steers (Sainz et al., 1995, 

Schoonmaker et al., 2003), but the forage-based diets used in these studies contained 13.3 

and 15.3% CP, respectively. 

Protein supplements can be supplied in the diet at a high quantity/low concentration 

or a low quantity/high concentration. Freeman et al. (1992) compared effects of 

supplementing prairie hay (5.6% CP) with cottonseed meal (22% CP) fed at either twice 

the amount of a 43% CP supplement (approximately equal CP intake) or the same 

amount as the 43% supplement (about half the CP intake, but approximately equal energy 

intake). This study reported that CP supplement fed at a low quantity/high concentration 

(vs. CP supplement fed at a high quantity/low concentration) increased N disappearance, 

and total volatile fatty acid and ruminal ammonia concentrations. 

Early-weaned calves on a high roughage diet can quickly recover to the BW of their 

NW counterparts when placed on a high concentrate diet, if they remain healthy and have 

not been permanently stunted due to previous nutritional restrictions (Abdalla et al., 

1988; Sainz et al., 1995; Myers et al., 1999b). This increased weight gain after a period 

of little or no change in BW is defined as compensatory gain. Re-feeding previously 

restricted bulls (Renaville et al., 2000), steers (Carstens et al., 1991; Hayden et al., 

1993), heifers (Yambayamba et al., 1996), and sheep (Wester et al., 1995) increased 

ADG above animals that were fed ad libitum diets. Re-feeding also results in rapid 

reversal of body tissue hypoplasia (Lund, 1999). Growth restriction can decrease basal 

metabolic rate, partially by decreasing metabolically active tissue and organ weights 

(O'Donavan, 1984; Burrin et al., 1989). In addition, restricting energy and protein in 
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lambs decreased liver mass to 50% of non-restricted lambs, but liver mass returned to 

normal within 2 d of re-feeding (Wester et al., 1995). 

Compared to lambs fed ad libitum, restricted feeding reduced visceral organ mass 

and increased feed efficiency (Fluharty and McClure, 1997). 

Serum Metabolites 

As previously discussed, NEFA and SUN are affected by adipose and protein 

catabolism and diet. Calves fed a 55% concentrate diet had lower plasma urea nitrogen 

(PUN) concentrations vs. calves fed grass hay (Hutcheson et al., 1984). Protein 

supplementation has been reported to increase circulating urea nitrogen concentrations 

(Cole and Hutcheson, 1988; Bandyk et al., 2001; Bodine and Purvis, 2003). Steers on a 

restricted (vs. non-restricted) diet had greater PUN and NEFA (Hayden et al., 1993). 

Fladeby et al. (2003) reported enhanced glucose transport and decreased glucose 

transporter degradation with prolonged glucose deprivation, suggesting an increased 

efficiency of glucose utilization to compensate for previous hypoglycemic conditions. 

Therefore, once a restricted-fed animal is allowed ad libitum access to higher quality 

feedstuffs, it has the propensity to "rebound" to its normal BW, partially due to the carry

over effects of efficient nutrient and energy utilization developed during the restricted 

period. These studies suggested that compensating steers (vs. non-restricted) are more 

metabolically efficient. 

Schoonmaker et al. (2003) reported no differences in circulating glucose between 

steers fed a high fiber (30% brome grass hay and 55% soy hulls) vs. concentrate diet 



22 

(70.1% shelled com). Other research has shown greater circulating glucose 

concentrations in concentrate-fed cattle (Evans et al, 1975) and in steers supplemented 

with soybean meal (Ludden et al., 2003). Further, insulin has been shown to be greater in 

concentrate- vs. forage-fed steers (Owens et al., 1991; Schoonmaker et al., 2003) and in 

steers supplemented (vs. non-supplemented) with CP (cottonseed meal and soybean 

meal) while grazing dormant forages (Barton et al., 1992; Bodine and Purvis, 2003). 

Nitrogen balance is also affected during an immune system challenge. Orr et al. 

(1988) reported an increase in N excretion (17.9 to 31.5 g/d) and a decrease in N balance 

in steers with IBR. They also conclude that daily N retention is reduced as fever is 

increased, and that IBR increases N turnover and alters tissue utilization of N. In 

addition, blood urea nitrogen (BUN) increased from 6.5 to 12.9 mg/dL in response to an 

IBR challenge (Orr et al., 1988). Fasting and transportation have also been reported to 

increase BUN concentrations (Ruppanner et al., 1978; Cole and Hutcheson, 1981). 

Immune Response 

Bovine herpes virus-1 (BHV-1), a member of the Alpha-herpesvirinae subfamily, 

causes infectious bovine rhinotracheitis (IBR; Lemaire et al., 2000). Bovine respiratory 

disease (BRD) is an industry concern (USDA-APHIS, 2000) since morbid feedlot cattle 

have decreased ADG (Hutcheson and Cole, 1986; Bateman et al., 1990; Morck et al., 

1993), require more days on feed, and have lower net returns (McNeill, 2001). Edwards 

(1996) reported that respiratory disease accounted for 67 to 82% of the total morbidity in 

feedlot cattle. Gardner et al. (1999) reported that morbidity decreased final live BW and 
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ADG while increasing carcasses that graded USDA Standard vs. steers never treated for 

morbidity. In addition, Texas A&M Ranch to Rail studies described medical expenses 

due to respiratory disease ranging from $20.76 to $37.90 per treated animal (McNeill, 

2001). Respiratory infection is especially critical for cattle during the feedlot receiving 

period (usually a 21 to 28-day period after arrival to the feedlot) because of commingling 

with non-native calves and increased stress levels associated with transportation, new 

feedstuffs, and different environments. Stress also causes a reduction in feed intake, 

which can act synergistically with respiratory problems (Galyean et al., 1999). 

Diagnosis of BRD can be difficult because some cattle are latent viral carriers and 

show no visual signs of morbidity such as anorexia, nasal discharge, and coughing 

(Galyean et al., 1999). In a review of health records of steers, it was discovered that 72% 

of the steers had pulmonary lesions, but only 35% had been treated for BRD (Wittum et. 

al., 1996). In addition, visual morbidity is usually not recognized until around 4 d after 

an immune challenge (Orr et al., 1988; Engle et al., 1999). 

Immunoglobulin G (IgG) is produced in lymphocytes and can been used as a gross 

indicator of the humoral immune response to a foreign antigen (Fraser et al., 1991; Engle 

et al., 1999; Duff et al., 2000). Kegley et al. (1997) reported that IgG antibody response 

decreased with shipping, and Duff et al. (2000) reported a decrease in IgG after 

administering tilmicosin phosphate. Kelly et al. (1988) discovered that weaning pigs 

decreased antibody synthesis and the cell-mediated immune response. Stress increases 

glucocorticoid production and causes serum proteins to bind glucocorticoids making 

them "biologically unavailable" (Kelly et al., 1988). 
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There is no direct post-treatment for IBR because it is a viral antigen that increases 

the severity and occurrence of secondary bacterial infections. The majority of the 

secondary infections to IBR are caused by Pasteurella haemolytica or multicoda and can 

be treated with common antibiotics (Martin et al., 1983; Fraser et al., 1991). Therefore, 

decreasing stress and implementing proper vaccination programs which allows the 

immune system to increase antibody titers against viruses, should decrease the incidence 

of IBR. 

Steers backgrounded on low-quality forages may become more susceptible to 

immune challenges such as BHV-1 during a feedlot receiving phase. It is not known 

what the effects of protein supplementation of low-quality forages (fed during a 

backgrounding phase) is on the immune response during a feedlot receiving phase. 

Therefore, Trial 2 analyzed diet effects for EW crossbred beef steers on metabolic 

profiles and febrile response to an infectious BHV-1 challenge. 
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CHAPTER II 

PRESENT STUDY 

Introduction 

Detailed methods, results, and conclusions are presented in the papers appended to 

this dissertation (Appendices A, B). The following is a brief summary of methods and 

most important findings in these two papers. 

Methods 

All procedures were approved by the Institutional Animal Care and Use Committee 

of The University of Arizona (Appendix CI, #02-063 and Appendix C2, #02-020). The 

University of Arizona V Bar V ranch near Camp Verde, AZ, supplied the crossbred beef 

dams and steers used in this study. Trial 1 (heifers and cows) evaluated effects of 

weaning programs on metabolic profiles and hepatic insulin-like growth factor-1 

messenger RNA (IGF-1 mRNA) of first-calf heifers and mature cows. This trial was 

conducted at the V Bar V ranch during July (d 114 postpartum), August, and October, 

2002. Treatments were arranged in a 2 x 2 factorial which included 14 crossbred first-

calf heifers and 14 crossbred mature cows assigned randomly to one of four groups: 

heifers with calves either early-weaned (EW; calves removed at an average of 114 + 13 d 

of age) or normal weaned (NW; calves removed at an average of 197 d of age) and cows 

with calves either EW or NW. 
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Body condition (BC) score and body weight (BW) were recorded at each phase for 

each dam. A single blood sample (10 mL) from first-calf heifers and mature cows was 

collected in the morning on d 114, 141, 197, and 205 by coccygeal venipuncture and 

analyzed for serum concentrations of insulin-like growth factor-1 (IGF-1) urea nitrogen 

(SUN), and non-esterified fatty acids (NEFA). On d 114 and 205 postpartum, liver 

biopsies were collected on each animal, immediately frozen in liquid nitrogen, and 

transferred to a freezer (-80°C). Total cellular RNA was isolated from each liver sample 

and stored (-80°C) until ribonuclease protection assays were performed to quantify IGF-1 

hepatic mRNA expression. Laboratory methods are explained in detail in Appendix A. 

For Trial 1, crossbred steer calves (n = 33; initial BW = 106 kg ± 7.6 kg; average 

age at weaning = 132 d) were transported (July, 2001) from the V Bar V ranch to The 

University of Arizona Campbell Avenue Farm, Tucson, AZ. Each calf was allocated to 

an individual, concrete-surfaced covered pen. Calves were implanted (36 mg zeranol), 

ranked by BW, and randomly assigned to individual treatments including: bermudagrass 

hay diet (CTRL, negative control; 6.7% CP, DM basis), bermudagrass hay plus soybean 

meal (SBM; 47.7% CP, DM basis) fed at 0.175% of BW (as-fed); bermudagrass hay 

plus SBM fed at 0.35% of BW, or a 70% concentrate (CONC) diet (Appendix El). All 

calves were individually fed once daily between 0600 and 0700 for ad libitum intake. 

This trial began (d 0) after a 4-d adaptation period on bermudagrass hay alone, and 

consisted of a backgrounding phase (d 0 to 84) and a simulated feedlot receiving phase (d 

85 to 112). During the backgrounding phase, weights and rectal temperatures of steers 

were recorded every 28 d (d 0, 28, 56, and 84). 
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On d 85, CONC continued to receive the 70% concentrate diet while CTRL, 0.175 

and 0.35% BW SBM were transitioned over a 3-d period, from bermudagrass hay to the 

CONC diet. Each calf was bled by jugular venipuncture and a rectal temperature was 

recorded daily for 7 d (d 85 to 91). On d 85, steers were challenged intranasally with 2 

mL (liquid) of an infectious BHV-1 dose, and activity was observed daily for signs of 

morbidity. Blood samples were collected on d 0, 28, 56, and 85 to 91 by jugular 

venipuncture and serum later analyzed for NEFA, total protein (TP), SUN, glucose, 

immunoglobulin G (IgG), and insulin. Laboratory methods are explained in detail in 

Appendix A. 

Trial 1 (heifers and cows) data were analyzed using the PROC MIXED procedure of 

SAS for repeated measures (SAS Inst. Inc., Cary, NC) for a completely randomized 

design experiment with a 2 x 2 factorial arrangement of treatments. The model included 

effects due to parity (first-calf heifer versus mature cow), weaning (early versus normal), 

day (as a repeated measure), and the interactions of parity x weaning, parity x weaning x 

day, parity x day, and weaning x day with animal as the experimental unit. For change in 

BW, p-values were derived using log transformation and data are reported as actual BW. 

When model main effects were significant, treatment means were compared using the 

LSMEANS statement of SAS when protected by a significant (P < 0.05) F-value, and 

differences in effect levels were evaluated using the PDIFF procedure within SAS. 

Covariance structures (autoregressive order-1 [AR-1] and compound symmetry) were 

compared to determine the most appropriate structure for each model. Average daily 
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gain and serum IGF-1 were analyzed with AR-1; all other models were analyzed with 

compound symmetry. 

Trial 2 (early-weaned steers) data were analyzed using the Mixed procedure of SAS 

(SAS Inst. Inc., Gary, NC) with steer as the experimental unit. Performance data (ADG, 

DMI, and G:F) were analyzed by 28-day periods with a model that included treatment. 

Steer within diet was used as the random error and differences in treatments were 

evaluated using the PDIFF procedure within SAS. Correlations between serum 

metabolites and febrile response were evaluated using the Spearman correlation 

procedure. Serum metabolites and febrile response were also analyzed as repeated 

measures. The model included effects due to treatment and treatment by day. Steer 

within diet was used as the random error and differences in effect levels were evaluated 

using the PDIFF procedure within SAS. Covariance structures (heterogeneous 

autoregressive order-1 and heterogeneous compound symmetry) were compared to 

determine the most appropriate structure for each model. Heterogeneous autoregressive 

order-1 was used for NEFA and rectal temperatures, while heterogeneous compound 

symmetry was used for all other variables. Treatment by day interactions were observed 

for all serum metabolites and febrile response, therefore, all data were analyzed by day. 

Treatment means were compared using orthogonal contrasts. Contrasts included the 

negative control (CTRL) vs. the average of protein supplemented steers, SBM 

supplemented at 0.175% vs. 0.35% of BW, and concentrate (CONC) vs. forage-fed steers 

(CTRL, 0.175 and 0.35% of BW). 
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Results and Discussion 

Trial 1: Heifers and Cows 

A parity x weaning x d interaction (P = 0.03) was detected for BW and in addition, a 

parity x weaning interaction was observed (P = 0.02) for change in BW (Appendix D2). 

Early-weaned heifers experienced a greater increase (P <0.01) in BW over heifers with 

calves NW, but no change in BW (P = 0.30) due to weaning was observed for mature 

cows, independent of weaning status (Appendix D4). No differences (P > 0.34) were 

detected for ADG due to parity or weaning status. In contrast, EW has increased BW and 

ADG in mature, lactating beef cows (Lusby et al., 1981; Myers et al., 1999a,b). Drought 

conditions may have resulted in a NEB for all dams between d 114 and 141. It is likely 

that dams NW had already begun to reduce milk output before NW (d 197 postpartum), 

which would mimic effects of calf removal. Therefore, EW would potentially benefit 

(increase BW) first-calf heifers more than mature cows due to heifers' greater need for 

BW gain. 

There was evidence for weaning x d interaction for BW (P < 0.01) and parity x d 

interactions for BC (P = 0.05) with a trend for BC change (P = 0.09), along with marginal 

evidence for a weaning x d interaction for BC (P = 0.08). Early weaning resulted in 

greater BC (P < 0.01) and change in BC (P = 0.04) as compared to NW, which is 

consistent with previous studies (Myers et al., 1999a,b; Story et al., 2000). 

Hepatic IGF-1 mRNA expression and serum IGF-1, NEFA, and SUN concentrations 

are presented in Appendix D3. No parity x weaning interaction (P = 0.29) was observed 

for hepatic IGF-1 mRNA. There tended (P = 0.08) to be a parity x weaning x day 
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interaction for hepatic IGF-1 mRNA, but no differences (P >0.10) were observed within 

sampling d for parity or weaning status. Additionally, no parity x weaning (P = 0.16) or 

parity x weaning x d (P = 0.64) interactions were observed for serum IGF-1. A parity x d 

interaction was observed (P = 0.01) for IGF-1, but no differences (P > 0.10) were 

observed between first-calf heifers and mature cows within sampling d. 

We hypothesize that no parity x weaning or parity x weaning x d interactions were 

observed for hepatic IGF-1 mRNA (P > 0.08) or serum IGF-1 (P >0.16) because of 

drought conditions. Dairy cattle have lower hepatic IGF-1 mRNA and serum IGF-1 

concentrations in early lactation (vs. late lactation) due to transitioning into a NEB 

(Vandehaar et al., 1995; Cohick, 1998; Kobayashi et al., 2002). In contrast, beef dams 

such as Angus and Here fords, generally have low genetic milking potential (Jenkins and 

Ferrell, 1992; Lalman et al., 2000). In addition, dams in this study averaged 114 days in 

milk, which is out of their peak lactation. Mature Hereford cows during peak lactation 

(8.8 wk postpartum) only produced an average of 8.5 kg of milk/d (Lalman et al., 2000). 

We believe that if drought conditions would not have occurred during lactation and 

calves were weaned earlier than 3 mo of age, NW dams would have had greater milk 

yields and therefore, EW would have increased hepatic IGF-1 mRNA and serum IGF-1 

compared with NW, especially in first-calf heifers. 

No parity x weaning or parity x weaning x d interactions were observed for SUN or 

NEFA (P > 0.24). Parity x d interactions were observed for SUN (P = 0.02) and NEFA 

(P = 0.05), but no differences were observed between first-calf heifers and mature cows 

within sampling d. As BW decreased during d 114 and 141, SUN and NEFA increased 
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among all dams. Early weaning tended to decrease (P = 0.06) SUN compared with NW 

status. Early weaning terminates milk production, thus protein catabolism (evaluated by 

SUN) may have been decreased by reducing nutritional requirements of the dam 

(Carlson, 1996). 

Trial 2: Early-weaned Steers 

Least Squares means for performance data are reported in Appendices E2 and E3. No 

differences (P > 0.39) in steer BW were detected on d 28. Additionally, no differences (P 

>0.14) in BW were detected between CTRL and the average of protein supplemented 

steers throughout this trial. As expected, steers on the 70% concentrate diet were heavier 

on d 56 and 84, and had greater (P < 0.01) DMI, ADG, and gain to feed ratios (G:F) than 

the average of forage-fed steers throughout the entire backgrounding phase. 

No differences (P > 0.10) were detected in performance (except for G:F during d 56 to 

84, P = 0.06) throughout this entire trial between steers fed SBM at 0.175 or 0.35% of 

BW. Supplemental CP (CTRL vs. average of protein supplemented steers) tended to 

increase (P = 0.08) total DMI during d 28 to 56 and increased (P = 0.02) total DMI 

during d 56 to 84. In addition, protein supplemented steers had greater (P < 0.01) hay 

intake than CTRL from d 56 to 84. Differences were not observed (P >0.14) between 

CTRL and average of protein supplemented steers during the receiving phase. In 

addition, CONC continued to have greater ADG (P = 0.02) and DMI (P < 0.01) during 

the receiving phase, but no differences (P = 0.69) were observed for G:F compared to 

forage-fed steers. 
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Treatment by d interactions (P < 0.01) were observed for febrile response and all 

serum metabolites. Therefore, all data were analyzed by d (Appendices E4 and E5). 

Glucose and NEFA were greater (P < 0.02) in CONC vs. the average of forage-fed steers 

on d 28, 56, 85, 88, and 91. Steers supplemented with CP (0.175 or 0.35% of BW) had 

greater (P = 0.03) NEFA on d 56 and greater (P < 0.02) glucose on d 85 and 91 vs. 

CTRL. Furthermore, glucose was greater (P < 0.05) on d 85 and tended to be greater ( P 

< 0.10) on d 88 and 91 in steers fed SBM at 0.35 vs. 0.175% of BW. 

Steers fed CONC diet had greater insulin on d 56 (P = 0.05) and 85 (P < 0.01) vs. the 

average of the forage-fed steers. No differences (P > 0.17) in insulin were detected 

between CTRL vs. SBM supplemented steers, or between steers fed SBM at 0.175 vs. 

0.35% of BW. The SLTN of steers supplemented with SBM at 0.175 and 0.35% of BW 

was greater (P < 0.01) on d 28 and 85 vs. CTRL. Increasing CP supplementation from 

0.175 to 0.35% of BW also resulted in greater (P < 0.03) SUN on d 28 and 85. 

No differences were observed for TP between CTRL vs. the average of SBM 

supplemented steers (P > 0.37), or between steers supplemented at 0.175 vs. 0.35% of 

BW(P > 0.11). Total protein was expected to be less in CTRL vs. the average of SBM 

supplemented steers because it is primarily composed of albumin, which tends to 

decrease with sustained dietary protein deficiencies (Johnston and Morris, 1996). Steers 

fed CONC tended (P = 0.09) to have greater TP on d 88 and had greater (P < 0.01) TP on 

d 91 that forage-fed steers. 

Serum IgG concentrations were not greater (P > 0.34) in steers fed higher quality 

diets. In fact, steers fed bermudagrass hay during the backgrounding phase had greater 
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IgG on d 56, 85, and 88 (P < 0.05), and tended to have greater IgG on d 91 (P = 0.07) 

than those fed CONC. Even though CONC had lower IgG than the forage-fed steers, no 

visual morbidity signs were observed, except for one steer supplemented with SBM at 

0.35% of BW. Thus, CONC may have been more effective (vs. forage-fed steers) 

neutralizing BHV-1 virus at infection site before it could elicit a strong immune response. 

If a local immune response to a foreign antigen is effective, a systemic response (e.g. 

serum IgG) may not be required. Therefore, low serum IgG concentration are acceptable 

if the animal remains healthy and does not experience latent morbidity. 

It is difficult to make definitive conclusions about the effectiveness of an immune 

response to a foreign antigen due to the many metabolic response pathways, metabolite 

interactions, disease severity, effectiveness of fever on recovery rate, and problems 

associated with visually detecting morbidity. Orr et al. (1988) concluded that higher 

quality and/or quantity of dietary protein is needed during stress and infectious states due 

to protein catabolism. Even though morbidity was not observed (except for one steer fed 

SBM at 0.35% of BW) after steers were given an infectious BHV-1 dose (d 85), average 

rectal temperatures of protein supplemented steers were 0.77 and 0.80''C greater (P < 

0.01) than CTRL on d 88 and 89, respectively (Appendix E5). Thus, supplemental 

protein seems to be required for steers backgrounded on a low-protein hay diet. 
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Conclusion and Future Research 

Trial 1: Heifers and Cows 

Rangelands of the arid southwest United States experience drought conditions in 

which forage availability declines, causing cattle to regulate their metabolism 

accordingly. When forage becomes limited during drought, cattle tend to decrease net 

production (gain and milk) to allow nutrients to be partitioned towards more vital 

functions such as body maintenance. When cattle remain in a negative energy balance 

for an extended period of time, energy reserves begin to be broken down to meet 

maintenance requirements. Catabolism has been reported to decrease animal 

performance, health, and efficiency of reproduction. 

Appendix D2 suggests that early weaning (EW) increases BW in first-calf heifers. 

Early weaning also tended to decrease serum urea nitrogen and increase body condition 

in both first-calf heifers and mature cows. Other research has reported additional benefits 

to dam reproductive performance by increasing feed availability or quality, or terminating 

early lactation. Furthermore, increasing quantity and/or quality of feed available to dams 

increases milk production, sometimes without increasing calf performance. Therefore, 

supplemental feeding range cattle may not be as beneficial as early weaning calves 

(especially during early lactation), because some of the additional nutrients are being 

processed in the dam and released as milk. It may be more beneficial to feed the calf vs. 

feeding the cow to produce milk to feed the calf Therefore, removing calves from their 

dams around 2 to 3 mo postpartum may be beneficial to beef dams, especially in 

growing, first-calf heifers. 



35 

It is suggested (due to results from the present study) that calves be EW from first-

calf heifers during drought conditions. Previous research reports that weaning calves 

early, increases dam conception rate and decreases time between parturition and 

conception. Thus, weaning calves early can be beneficial in maintaining a 12-month 

calving interval, especially if calves are weaned before 90-d of age. Beef cattle producers 

are cautioned in weaning calves before 90-d of age, because young calves generally 

require increased management efforts and additional knowledge of nutrition and animal 

health. 

Depending on market conditions for cattle and feedstuffs, these young calves can be 

sold, backgrounded on the ranch, or transported to a feeding facility. In contrast to first-

calf heifers in this study, EW did not seem to significantly benefit cows during drought 

conditions. Thus, during drought, calves can remain with their dam because the calves 

are naturally weaned as milk production declines, due to reduced forage availability. 

Additional research evaluating combined effects of breed, genetic milking ability, grazing 

behavior, and weaning strategy, on reproduction, metabolic profiles, and hormones of 

beef cattle grazing open rangelands would be beneficial. 

Removing calves reduces grazing animal units which may reduce plant stress. This 

is especially critical during periods of reduced forage growth where net energy and 

nutrients are limiting factors for animal production. Therefore, EW could potentially 

improve rangeland productivity and increase available forage biomass. Research 

evaluating long-term effects of EW on rangeland condition would be beneficial to realize 

the overall benefits of EW programs. 
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Trial 2; Early-weaned Steers 

As shown in this trial and others, steers fed a total mixed ration (e.g. concentrate diet) 

have greater BW, DMI, ADG, and G:F than steers fed forages. This trial did not detect 

an improvement in performance (except during the end of the background phase; d 56 to 

84; P = 0.06) when steers received supplemental soybean meal above National Research 

Council (NRC) requirements. Therefore, this research supports NRC crude protein 

recommendations for non-stressed steers backgrounded on a forage diet. 

Early-weaned steers may be successfully backgrounded on low-quality (low-cost) 

forages if the plant material is palatable and protein (nitrogen) is not a limiting factor for 

microbial function. After being backgrounded on forages, steers can experience 

compensatory gains and "catch-up" to other weaned steers that have been continuously 

fed a high concentrate diet. Compensatory gain was not evaluated in this study, but 

forage-fed steers became as efficient (G:F) as concentrate-fed steers, once transitioned 

onto the same 70% concentrate diet. 

After being challenged with bovine herpes virus-1 (BHV-1), steers supplemented 

with SBM had a greater (vs. CTRL) febrile response (measured by rectal temperature) 

than non-supplemented, forage-fed steers, and steers on the forage-based diet had greater 

(vs. steers fed a concentrate diet) serum hnmunoglobulin G. Results from this trial 

suggest that a higher quality diet fed during a backgrounding phase enhances 

performance of EW steers and increases febrile response to an infectious BHV-1 

respiratory challenge. 
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Producers should be aware that performance is usually compromised if steers are fed 

diets below NRC recommendations. In addition, bovine respiratory disease is an industry 

concern that is especially critical during the feedlot receiving phase. A compromised 

immune system may further decrease animal health, while decreasing overall production 

and industry profits. In relation to performance, a compensating level of immunity may 

be experienced in previously feed-restricted steers that have accelerated weight gain once 

re-fed, due to metabolic and hormonal changes that occur during this period of 

realimenation. Evaluating compensatory effects of humoral and cell-mediated immune 

responses (e.g. accelerated thymus gland growth and increased production of cytokines 

and immunoglobulins) and the somatotropic axis (serum and hepatic IGF-1 mRNA) 

during the feedlot receiving phase seems warranted. 

During the backgrounding phase of this study, steer calves on a 70% concentrate diet 

had good performance (ADG = 1.24 kg/d; G:F = 0.21). In addition, from d 28 to 84 of 

the backgrounding phase, calves fed bermudagrass hay (6.1% CP) supplemented with 

SBM, had greater ADG (0.54 vs. 0.16 kg) and feed efficiency (G:F; 0.121 vs. 0.048) 

than steers not supplemented with SBM. The SBM supplemented steers also had greater 

rectal temperatures 3 and 4 days after a bovine herpesvirus-1 challenge, which increases 

the animals' immune response to foreign antigens and can decrease viral and secondary 

bacterial infections. 

Research has reported that ADG and G:F are increased when steers, previously fed 

forages, are transitioned onto a concentrate diet. Thus, it is suggested that steers can be 

backgrounded on low-quality, CP supplemented hay, if a producer can retain ownership 
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of those steers and the cost of feeding hay is less than feeding a concentrate diet. 

Retaining ownership of young, forage-fed calves may allow producers to profit from an 

accelerated rate of gain that occurs after cattle are transitioned onto a total mixed ration. 
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Abstract 

Effects of early weaning calves on serum metabolites and hepatic IGF-1 mRNA of 

first-calf heifers or mature cows was investigated. Treatments were arranged in a 2 x 2 

factorial and included 14 crossbred first-calf heifers and 14 crossbred mature cows 

assigned randomly to one of two treatment regimens: early-weaned (EW, calves weaned 

at an average age of 114 d) or normal-weaned (NW, calves weaned at an average age of 

197 d). Blood samples were collected from dams on d 114, 141, 197, and 205 

postpartum via coccygeal venipuncture. Heifers with calves EW experienced a greater 

increase (parity x weaning; P = 0.02) in BW over heifers with calves NW, but no change 

in BW due to weaning was observed for mature cows (P > 0.71). Early weaning (vs. 

NW) increased (P < 0.05) body condition (BC) and change in BC of heifers and cows. 

Effects of weaning regimen or parity were not observed for ADG. There were no parity 

X weaning or parity x weaning x d interactions (P >0.16) observed for serum IGF-1, 

NEFA, or urea nitrogen (SUN). A parity x d interaction (P < 0.05) for hepatic IGF-1 

mRNA, IGF-1, and SUN, and a trend for parity x d for NEFA (P <0.10) were observed, 

but no differences were detected between first-calf heifers and mature cows within 

sampling d. Early weaning tended to decrease (P = 0.06) SUN compared with NW 

status. These results suggest that EW can increase BW and BC in first-calf heifers, and 

decrease SUN in both first-calf heifers and mature cows. However, no other differences 

in performance or serum chemistry were detected between first-calf heifers and mature 

cows with either weaning regimen applied, in open rangeland conditions of the arid 

southwest United States during drought. 
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Introduction 

Early weaning calves can be a viable production practice, especially in the arid 

southwest region of the United States where drought is a common occurrence. Early 

weaning not only increases available forage, but decreases negative energy balance 

(NEB) severity by decreasing net energy and nutrients used for lactation. The dam can 

transition into a NEB during early lactation and periods of nutritional distress such as 

drought, which directly influences body condition (BC), metabolism, and overall 

performance. The somatotropic axis is altered during a NEB leading to tissue catabolism, 

in addition to the partitioning of nutrients towards maintenance of vital tissues and away 

from adipose and protein deposition (Bauman and Currie, 1980; Ronge et al., 1988; 

McGuire et al., 1995). During a NEB, concentrations of non-esterified fatty acids 

(NEFA) and serum urea nitrogen (SUN) increase due to adipose and protein catabolism, 

respectively (Richards et al., 1989; Obeidat et al., 2002). In addition, the growth 

hormone receptor population can decrease during a NEB, which decreases intracellular 

signahng, thus decreases IGF-1 mRNA production and eventually circulating IGF-1 

concentrations (Harvey and Hull, 1995). Early weaning has been associated with 

increasing BC, ADO, and conception rate, decreasing time from parturition to conception 

(Lusby et al., 1981; Houghton et al., 1990; Myers et al., 1999b) and shortening calving 

interval (Barnes et al., 1996). Proper management of first-calf heifers and mature cows 

during periods of nutritional distress is important. Nutritional programs can be more 

effectively developed and evaluated if research continues to integrate production 

decisions with metabolic and cellular responses. Therefore, Trial 1 analyzed effects of 
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weaning programs on serum metabolites and hepatic IGF-1 mRNA expression of first-

calf heifers and mature cows grazing open rangelands in the arid southwest region of the 

United States. 

Materials and Methods 

Study Area 

This trial was conducted during July, August, and October, 2002, at the University of 

Arizona V Bar V ranch, transecting the Mongollon Rim, near Camp Verde. This 31,160-

ha ranch has very diverse vegetation due to elevations ranging from 1.37 km in the west 

to over 2.44 km in the east. The primary forage species initially available were Western 

wheatgrass {Pascopyrum smithii [Rydb.] Love) in the middle section of the ranch and 

Arizona fescue {Festuca arizonica Vasey), Blue gramma (Bouteloua gracilis [H.B.K.] 

Lag ex Griffiths), and Plains lovegrass {Eragrostis intermedia Hitchc.) at higher 

elevations during d 197 and 205 of this trial. Between d 114 to 141, forage production 

was limited due to drought conditions (Appendix Dl; J. Bradley, U.S. Forest Service, 

AZ, personal communication). 

Animal Procedures and Measurements 

The following procedures were approved by the Institutional Animal Care and Use 

Committee of The University of Arizona (#02-063; Appendix CI). This trial began on 

July 10, 2002 (d 114 postpartum) and consisted of four phases: EW of calves (d 114), 

post-EW of calves (d 141), NW of calves (d 197), and post-NW of calves (d 205). 



Treatments were arranged in a 2 x 2 factorial which included 14 crossbred (Angus x 

Gelbvieh x Hereford x Barzona x Senepol or Red Angus x Charolais x Tarentaise) first-

calf heifers and 14 crossbred (Angus x Gelbvieh x Hereford x Barzona x Senepol x 

Salers) mature cows assigned randomly to one of four groups: heifers with calves either 

EW (calves removed at an average ofll4±13dof age) or NW (calves removed at an 

average of 197 d of age) and cows with calves either EW or NW. Heifers and cows 

averaged 2 and 6.6 yr of age, respectively at the onset of the trial. Body condition scores 

(1 = emaciated to 9 = obese) and BW were recorded at each phase for each dam. 

Additionally, dams were penned and fed oat hay for approximately 1 mo prior to the 

initiation of this trial, and from September 30 (d 196) until October 9 (d 205). 

Serum Collection and Lab Analysis 

A single blood sample (10 mL) from both first-calf heifers and mature cows was 

collected in the morning on d 114, 141, 197, and 205 by coccygeal venipuncture using an 

18-G vacutainer needle (Precision Glide; Beckton Dickenson, Franklin Lakes, NJ) and a 

non-heparinized vacutainer collection tube (SST gel and clot activator; Becton 

Dickenson, Franklin Lakes, NJ). Blood samples were allowed to clot and stored in a 

cooler with ice-packs for approximately 4 h until centrifuged (Sorvall RT600B 

refrigerated centrifuge, DuPont, Wilmington, DE) at 970 g for 25 min. Serum was 

decanted and frozen at -20°C until analyzed for IGF-1, SUN, and NEFA. Serum 

concentrations of IGF-1 were determined using procedures of Berrie et al. (1995) in a 

single assay. The intra-assay CV was 4.5% with a 95% recovery rate. Serum 
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concentrations of SUN were analyzed using a commercial kit (Cat. No. 640A; Sigma 

Diagnostics, Inc., St. Louis, MO) with intra- and inter-assay CV less than 6%. Serum 

NEFA concentrations were analyzed using a commercial kit (NEFA C; Waco 

Chemicals, Neuss, Germany) with intra- and inter-assay CV less than 6%. 

Surgical Procedures: Hepatic Tissue Collection 

Liver biopsy procedures were performed as previously described by Whitehair et al. 

(1988). On d 114 and 205 postpartum, liver biopsies (0.5 to 1.5 g of tissue) were 

collected on each dam from the 12th intercostal space of the right side, approximately 20 

cm from the dorsal midline in the standing position in a squeeze chute. The area was 

clipped and aseptically prepared for surgery with povidone iodine scrub and 70% 

isopropanol. A subdermal injection (10 mL) of lidocaine hydrochloride 2% (Vedco, Inc., 

St. Joseph, MO) was then administered in a circular (6 to 8 cm ) pattern, five minutes 

prior to the biopsy. A lateral scalpel incision of approximately 0.5 cm was made and a 

Courtney Bovine Biopsy stainless steel needle (Sontec Instruments Inc., Engelwood, CO) 

was inserted perpendicularly through the abdominal wall and peritoneum until it reached 

the liver capsule. The biopsy was removed with the needle, transferred into a 1 mL 

cryogenic vial (Coming Inc., Coming, NY), immediately frozen in liquid nitrogen (-

196°C), and transferred to a freezer (-80°C) until mRNA expression was analyzed. The 

incision site was sutured with non-absorbable polyamide, pseudo-mono filament thread 

(Braunamid, Loveland, CO) and an aerosol bandage (Alushield; Ideal Animal Health, 

Lexington, KY) was applied. Each dam also received (d 114) subcutaneous injections of 
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a clostridial vaccine (Ultrachoice 8 vaccine; Pfizer Animal Health, Exton, PA) and 

penicillin (sterile penicillin G, benzathine, and penicillin G procaine; Hanford 

Pharmaceuticals, Syracuse, NY). 

Hepatic RNA Isolation and Ribonuclease Protection Assay 

Total cellular (tc) RNA was isolated from each liver sample (0.5 to 1.5 g tissue) with 

Trizol (hivitrogen, Gaithersburg, MD). After isolation, RNA concentration was 

determined by measuring absorbencies at 260 and 280 nm, and integrity assessed by 

electrophoresis through a 1% agrose gel stained with ethidium bromide (0.5 )a.g/mL). 

Isolated RNA was stored at -80°C until ribonuclease protection assays (RPA) were 

performed. 

Expression of IGF-1 mRNA was assayed using the RPA III kit (Ambion, Inc., Austin, 

TX). A 200-bp fragment of bovine IGF-1 subcloned into pGEMT-EZ was provided by 

Dr. Matthew Lucy, University of Missouri-Columbia. To normalize loading differences 

across samples, a 314-bp fragment of bovine glyceraldehyde-3-phosphate dehydrogenase 

(G3PDH) was selected as an internal control. Briefly, ^^P-labeled antisense IGF-I and 

G3PDH probes were generated by in vitro transcription (Maxiscript, Ambion) and gel-

purified by electrophoresis through an 8M urea/5% acrylamide gel. The full-length probe 

was excised from the gel and eluted with probe elution buffer (Ambion). Probes 

(-100,000 cpm each) were then co-precipitated with 25 ^ig sample RNA, resuspended in 

hybridization buffer, denatured at 95°C and incubated overnight at 42°C. 
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In addition to sample tubes, four control tubes containing 25 |ag yeast RNA were 

included in each assay. At the RNase digestion step, one served as a negative control and 

was incubated with RNase to verify complete digestion of single stranded (unhybridized) 

probe. The other control tube was not exposed to RNase to verify the length of 

undigested probe. 

After hybridization, single stranded RNA was digested with RNase A/Tl (10 mg/mL 

RNase A and 200 units/mL RNase Tl, respectively), in RNase digestion buffer for 30 

min at 37°C. To stop the reaction, samples were precipitated, re-suspended in gel loading 

buffer and denatured at 95°C. Protected fragments were separated on 8 M ureay5% 

acrylamide gels. Urea was removed from the gels by washing twice for 20 min in 20% 

methanol, 10% glacial acetic acid before drying for 2 h at 80°C. Gels were then exposed 

to XAR film for 24 h, and intensity of protected bands of IGF-1 and G3PDH were 

quantified using an Alphalmager™ 2000 (Alpha Innotech Corp., version 3.3d, San 

Leandro, CA) digital imaging system. The Alphalmager™ calculated background which 

was subtracted from each reading, and the output ratio was calculated as IGF-1 mRNA to 

G3PDH mRNA. 

Statistical Analysis 

Data were analyzed using the PROC MIXED procedure of SAS for repeated 

measures (SAS Inst. Inc., Gary, NG) for a completely randomized design experiment with 

a 2 x 2 factorial arrangement of treatments. The model included effects due to parity 

(first-calf heifer versus mature cow), weaning (early versus normal), day (as a repeated 
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measure), and the interactions of parity x weaning, parity x weaning x day, parity x day, 

and weaning x day with animal as the experimental unit. Change in body weight ratios is 

not inherently normally distributed. Thus, P-values for change in dam BW were derived 

using log transformation and data are reported as actual BW change. When model main 

effects were significant, treatment means were compared using the LSMEANS statement 

of SAS when protected by a significant (P < 0.05) F-value, and differences in effect 

levels were evaluated using the PDIFF procedure within SAS. Covariance structures 

(autoregressive order-1 [AR-1] and compound symmetry) were compared to determine 

the most appropriate structure for each model. Average daily gain and serum IGF-1 were 

analyzed with AR-1; all other models were analyzed with compound symmetry. 

Results and Discussion 

Animal Performance 

Body weight of all dams decreased (P = 0.03, Appendix D4) between d 114 and 141. 

Dams transition into a NEB during periods of decreased DMI (Rutter and Manns, 1989; 

Yung et al., 1996; Newbold et al., 1997) and during early lactation in dairy cows 

(Bauman and Currie, 1980; Vicini et al., 1991; McGuire et al., 1992). A NEB decreases 

BW as body reserves are utilized to support vital functions (Yung et al., 1996; Smith et 

al., 1997; Story et al., 2000). The metabolic stress of milk production is apparently 

much less in beef vs. dairy cows, therefore it is presumed that the dams in this trial were 

in a NEB due to low DMI. 



Least squares means for performance data stratified by parity and weaning status are 

presented in Appendix D2. A parity x weaning x d interaction (P = 0.03) was detected 

for BW (Appendix D4) and in addition, a parity x weaning interaction was observed (P = 

0.02) for change in B W. Early-weaned heifers experienced a greater increase (P < 0.01) 

in BW over heifers with calves NW, but no change in BW (P = 0.30) due to weaning was 

observed for mature cows, independent of weaning status (Appendix D4). No differences 

(P > 0.34) were detected for ADG due to parity or weaning status. In contrast, EW has 

been reported to increase BW and ADG in mature, lactating beef cows (Lusby et al., 

1981; Myers et al., 1999a,b). The results of the present trial may be attributed to drought 

conditions resulting in a NEB for dams between d 114 to 141. It is likely that dams NW 

had already begun to reduce milk output before the time of NW (d 197 postpartum), 

which would mimic effects of calf removal. Therefore, EW would potentially benefit 

(increase BW) first-calf heifers (average age = 2 yr) more than mature cows (average age 

= 6.6 yr) due to heifers' greater need for BW gain. 

There was evidence for weaning x d interaction for BW (P <0.01) and parity x d 

interaction for BC (P = 0.05) with a trend for BC change (P = 0.09), along with marginal 

evidence for a weaning x d interaction for BC (P = 0.08). Early weaning resulted in 

greater BC (P < 0.01) and change in BC (P = 0.04) as compared to NW, which is 

consistent with previous studies (Myers et al., 1999a,b; Story et al., 2000). In addition, 

multiparous cows were heavier at each phase (parity x wean x d,P<0 .05) than first-calf 

heifers (423 vs. 367 kg ± 21) and EW dams tended to be heavier (P < 0.10) than NW 

dams (407 vs. 383 kg ± 21). 
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Hepatic IGF-l mRNA Expression and Metabolic Profiles 

Hepatic IGF-l mRNA expression and serum concentrations of IGF-l, NEFA, and 

SUN are presented in Appendix D3. No parity x weaning interaction (P = 0.29) was 

observed for hepatic IGF-l mRNA. There tended (P = 0.08) to be a parity x weaning x d 

interaction for hepatic IGF-l mRNA, but no differences (P > 0.10) were observed within 

sampling d for parity or weaning status. Additionally, no parity x weaning (P = 0.16) or 

parity x weaning x d (P = 0.64) interactions were observed for serum IGF-l. A parity x d 

interaction was observed (P = 0.01) for IGF-l, but no differences (P > 0.10) were 

observed between first-calf heifers and mature cows within sampling d. In addition, 

concentrations of IGF-l for all dams were low on d 114. Obeidat et al. (2002) reported 

similar IGF-l concentrations (30.4 ng/mL) for beef dams during early lactation, and 

Yung et al. (1996) observed low IGF-l concentrations during a NEB. 

Dams have the ability to transition into a more positive (or at least less negative) 

energy balance when milk production is terminated, which has been shown to increase 

serum IGF-l concentrations in dairy cattle (Ronge et al, 1988; Vicini et al., 1991). We 

hypothesize that no parity x weaning or parity x weaning x d interactions were observed 

for hepatic IGF-l mRNA (P > 0.08) or serum IGF-l (P > 0.16) because of dams being in 

a NEB during lactation, as suggested previously. Dairy cattle have lower hepatic IGF-l 

mRNA and serum IGF-l concentrations in early (vs. late) lactation due to transitioning 

into a NEB (Vandehaar et al., 1995; Cohick, 1998; Kobayashi et al., 2002). In contrast, 

beef dams such as Angus and Herefords, generally have low genetic milking potential 

(Jenkins and Ferrell, 1992; Lalman et al., 2000). 
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In addition, dams in this study averaged 114 days in milk, which is out of their peak 

lactation. Mature Hereford cows during peak lactation (8.8 wk postpartum) produce an 

average of 8.5 kg of milk/d (Lalman et al., 2000). We believe that if drought conditions 

would not have occuired during lactation and calves were weaned earlier than 3 mo of 

age, NW dams would have had greater milk yields and therefore, EW would have 

increased hepatic IGF-1 mRNA and serum IGF-1 compared with NW, especially in first-

calf heifers. 

No parity x weaning or parity x weaning x d interactions were observed for SUN or 

NEFA (P > 0.24). Parity x d interactions were observed for SUN (P = 0.02) and NEFA 

(P = 0.05), but no differences were observed between first-calf heifers and mature cows 

within sampling d. As BW decreased during d 114 and 141, SUN and NEFA increased 

among all dams. Concentrations of SUN increase due to either protein intake (Hutcheson 

et al., 1984) or protein catabolism, and NEFA increase due to fat intake (Carlson, 1996) 

or adipose tissue catabolism (Bell, 1995). Therefore, due to drought conditions, the 

increase in SUN and NEFA at d 141 was probably due to dams being in a NEB and not to 

protein or fat concentrations of the forages. 

Early weaning tended to decrease (P = 0.06) SUN compared with NW status. Early 

weaning terminates milk production, thus protein catabolism (evaluated by SUN) may 

have been decreased by reducing nutritional requirements of the dam (Carlson, 1996). 

Even though dams were free-ranging on a limited supply of forage, and SUN and NEFA 

increased between d 114 and 141, average SUN and NEFA remained within reported 

ranges (20 to 30 mg/dL and 597 to 821 |LiEq/L, respectively; Carlson, 1996). Non-
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esterified fatty acid concentrations of 900 to 1,150 mEq/mL have been previously 

reported by Richards et al. (1989) for multiparous, nonlactating Hereford cows, fed a 

restricted diet projected to cause the loss of 1% of their BW. 

Implications 

Drought conditions require increased management efforts such as early weaning, 

especially in the arid southwest region of the United States. It is therefore critical to 

understand how performance is affected and related to metabolic and cellular 

consequences of both first-calf heifers and mature cows during periods of nutritional 

stress. This trial suggests that early weaning increases body weight in first-calf heifers. 

Early weaning also increases body condition and tends to decrease serum urea nitrogen, 

in first-calf heifers and mature cows. Additional research evaluating effects of weaning, 

grazing behavior, foraging ability, and supplementation strategies on performance and 

metabolism between first-calf heifers and mature dams on open rangeland during drought 

conditions would be beneficial. 
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Abstract 

Early-weaned crossbred steers (n = 33; initial BW = 106 ± 7.6 kg; average age at 

weaning = 132 d) were used to evaluate effects of protein supplementation of forage diets 

vs. a 70% concentrate diet fed during a backgrounding phase (d 0 to 84) on metabolic 

profiles and febrile response to an infectious bovine herpesvirus-1 (BHV-1) challenge 

during a receiving phase (d 85 to 112). The four treatments during backgrounding 

included a bermudagrass hay diet (CTRL); bermudagrass hay plus soybean meal (SBM) 

fed at 0.175%) of BW (as-fed); bermudagrass hay plus SBM at 0.35%) of BW; or a 70%o 

concentrate (CONC) diet. During the receiving phase, all steers were fed CONC and 

intranasally challenged on d 85 with BHV-1. No differences (P = 0.69) were observed 

among treatments for G:F during the receiving phase. Treatment x day interactions (P < 

0.01) were observed for serum concentrations of NEFA, total protein, urea nitrogen, 

glucose, immunoglobulin G (IgG), insulin, and for rectal temperature. On d 88 (P < 

0.05) and 91 (P = 0.07), serum IgG was greater for steers fed forage diets vs. CONC, and 

NEFA and glucose were greater (P < 0.02) for CONC vs. forage diets. On d 88 and 89 (3 

and 4 d after the BHV-1 challenge), rectal temperature was greater (P < 0.01) for protein 

supplemented steers vs. CTRL. We conclude that a higher quality diet fed to early-

weaned steers during a backgrounding phase enhances ADG and G;F, and increases 

febrile response (measured by rectal temperature) to an infectious BHV-1 respiratory 

challenge. 
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Introduction 

Concerns such as rising production costs and drought have contributed to more beef 

cattle producers recognizing the benefits of early weaning (EW) their calves. These 

calves can be backgrounded on forages or placed directly in a feeding facility. 

Determining the most appropriate protein supplementation regimen is a major interest in 

cattle backgrounded on forages since protein is a primary limiting nutrient, an integral 

part of growth and overall well-being, and an expensive diet constituent. A concern with 

young calves on non-supplemented, low-quality forage is that nitrogen may be 

insufficient, thus limit microbial synthesis and decrease intake, digestibility, and overall 

production (Owens et al., 1991; Russell, 1998). It is well recognized that supplementing 

forages with protein increases steer DMI and ADG (Comerford et al., 2001; Bodine and 

Purvis, 2003; Ludden et al., 2003). However, steers backgrounded on low-quality 

forage may become more susceptible to immune challenges such as respiratory disease 

during a feedlot receiving phase. This is an industry concern (USDA-APHIS, 2000) 

since morbid feedlot steers have lower ADG (Hutcheson and Cole, 1986; Bateman et al., 

1990; Morck et al., 1993), require more days on feed, and have lower net returns than 

healthy steers (McNeill, 2001). It is not known what the effects of protein 

supplementation of low-quality forage (fed during a backgrounding phase) is on the 

immune response during a feedlot receiving phase. Therefore, this trial analyzed diet 

effects for EW crossbred beef steers on metabolic profiles and febrile response to an 

infectious bovine herpesvirus-1 (BHV-1) challenge. 
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Materials and Methods 

Animal Procedures and Measurements 

The following procedures were approved by the Institutional Animal Care and Use 

Committee of The University of Arizona (#02-020; Appendix C2). Crossbred steer 

calves (n 33; initial BW == 106.1 ± 7.6 kg; average age at weaning = 132 d; Hereford, 

Angus, Charolais, Barzona, Tarentaise, and Shorthorn) used in this study were from The 

University of Arizona V Bar V Ranch, Camp Verde, AZ. Calves were weaned 8 d prior 

to this trial, placed in a drylot at the V Bar V ranch, and fed bermudagrass hay. They 

were then transported approximately 354 km from the V Bar V Ranch to The University 

of Arizona Beef Unit, Tucson. Calves were ranked by BW and randomly assigned to 

individual treatments including: bermudagrass hay diet (CTRL, negative control; 6.7% 

CP, DM basis), bermudagrass hay plus soybean meal (SBM; 47.7% CP, DM basis) fed 

at 0.175% of BW (as-fed), bermudagrass hay plus SBM fed at 0.35% of BW, or 70% 

concentrate diet (CONC, positive control; Appendix El). Each calf was allocated to an 

individual, concrete surfaced covered pen (2.5 x 4.9 m) which had an automatic watering 

system and feed bunk. All calves were individually fed once daily between 0600 and 

0700 at ad libitum intake. Feed refusals were weighed, measured, and discarded each 

morning before feeding and consumption was calculated daily. This trial began (d 0) 

after a 4-d adaptation period on bermudagrass hay alone and consisted of a 

backgrounding phase (d 0 to 84) and simulated feedlot receiving phase (d 85 to 112). 

Steers were observed daily for signs of morbidity and morbid steers were treated with 

appropriate medications according to label instructions (Pen-Aqueous, penicillin G 
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procaine, Agripharm, Grapevine, TX; Micotil, Elanco, Indianapolis, IN; Nuflor and 

Banamine, Schering Plough, Union, NJ). 

Backgrounding Phase 

On d 0 of the trial, all calves were treated for internal and external parasites (Ivomec, 

Merck, Rahway, NJ), implanted with 36 mg of zeranol (Ralgro; Schering-Plough), and 

started on their assigned diet. Bermudagrass hay was used as the basal diet for CTRL, to 

determine effects of diet on metabolic profiles and febrile response to an infectious BHV-

1 challenge. Group CTRL was not supplemented and groups 0.175 and 0.35% received 

SBM fed daily. The quantity of SBM was adjusted every 28 d for each calf and fed 

separately before feeding the hay to ensure complete consumption. Group CONC was 

transitioned from bermudagrass hay to the CONC diet over 12 d. Calves were also bled 

by jugular venipuncture and weights and rectal temperatures were recorded every 28 d (d 

0, 28, 56, and 84). 

Receiving Phase 

On d 85, CONC continued to receive the 70% concentrate diet while CTRL, 0.175 

and 0.35% BW SBM were transitioned over a 3-d period, from bermudagrass hay to 

CONC. Each calf was bled by jugular venipuncture and a rectal temperature was 

recorded daily for 7 d (d 85 to 91). On d 85 of the trial, calves were challenged 

intranasally with 2 mL (liquid) of an infectious dose of BHV-1. The Cooper strain of 

BHV-1 was prepared as previously described (Belknap et al, 1999) and diluted to 1 x 
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106 tissue culture infective doses in minimal essential medium just before inoculation. 

Steer activity was monitored daily for signs of morbidity such as nasal discharge, 

conjunctivitis, inflamed nares, staggering, anorexia, labored breathing, and/or coughing. 

At the end of the receiving phase, all steers were transported approximately 6 km to The 

University of Arizona Feedyard, Tucson. 

Feed and Serum Collection and Lab Analysis 

Bermudagrass hay bales were stored under an open shed and random samples (inside 

and outside of bale) from individual bales were collected three times during the 

backgrounding phase. Random grab samples of the 70% concentrate diet were also 

collected when feed was delivered during the backgrounding phase, and pooled every 28 

d. Samples were dried at 100°C for 24 hours (or until weights were constant), and stored 

at -20°C until analyzed for CP (Texas A&M University, College Station), ADF (Ankom 

Technol. Corp., Fairport, NY), and ash (AOAC, 1990; Appendix El). All samples were 

ground in a Wiley mill (Arthur H. Thomas Co., Philadelphia, PA) to pass a 1-mm screen. 

Blood samples were collected before a.m. feeding on d 0, 28, 56, and d 85 to 91 by 

jugular venipuncture using an 18-G vacutainer needle (Precision Glide; Beckton 

Dickenson, Franklin Lakes, NJ) and a non-heparinized vacutainer collection tube (Becton 

Dickenson, Franklin Lakes, NJ). Blood samples were transported to the laboratory in a 

cooler, and centrifuged (Sorvall RT600B refrigerated centrifuge, DuPont, Wilmington, 

DE) at 970 g for 25 min. Serum was decanted and frozen at -20°C until analyzed for 

non-esterified fatty acids (NEFA), total protein (TP), serum urea nitrogen (SUN), 
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glucose, immunoglobulin G (IgG), and insulin. Serum NEFA concentrations were 

analyzed using a commercial kit (NEFA C; Waco Chemicals, Neuss, Germany) with 

intra- and inter-assay CV less than 10%. Total protein, SUN, and glucose concentrations 

were also analyzed using commercial kits (Cat. No. 5412, 640A, and 510; Sigma 

Diagnostics, Inc., St. Louis, MO). The intra- and inter-assay CV for TP, glucose, and 

SUN were below 10%. Serum IgG concentrations were quantified in one assay using a 

RIA procedure as described by Richards et al. (1999) with modifications for bovine as 

previously discussed (Duff et al., 2000). The intra-assay CV for IgG was 18%. Serum 

insulin concentrations were also quantified in one assay as described by Reimers et al. 

(1982) with an intra-assay CV of 9% and 115% recovery rate. 

Statistical Analysis 

All data were analyzed using the Mixed procedure of SAS (SAS Inst. Inc., Cary, NC) 

with steer as the experimental unit. Performance data (ADG, DMI, and G:F) were 

analyzed by 28-d periods with a model that included treatment. Steer within diet was 

used as the random error and differences in effect levels were evaluated using the PDIFF 

procedure within SAS. Correlations among serum metabolites and febrile response were 

evaluated using the Spearman correlation procedure. Serum metabolites and febrile 

response were also analyzed as repeated measures. The model included effects due to 

treatment and treatment by day. Steer within diet was used as the random error and 

differences in effect levels were evaluated using the PDIFF procedure within SAS. 

Covariance structures (heterogeneous autoregressive order-1 and heterogeneous 
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compound symmetry) were compared to determine the most appropriate structure for 

each model. Heterogeneous autoregressive order-1 was used for NEFA and rectal 

temperatures, while heterogeneous compound symmetry was used for all other variables. 

Treatment by day interactions were observed for all serum metabolites and febrile 

response, therefore, all data were analyzed by day. Treatment means were compared 

using orthogonal contrasts. Contrasts included negative control (CTRL) vs. average of 

protein supplements, SBM supplemented at 0.175% vs. 0.35% of BW, and concentrate 

(CONC) vs. forage-fed steers (CTRL, 0.175 and 0.35% of BW). 

Results and Discussion 

Growth Response: Backgrounding Phase 

Least Squares means for performance data are reported in Appendices E2 and E3. No 

differences (P > 0.39) in steer BW were detected on d 28. Additionally, no differences (P 

>0.14) in BW were detected between CTRL and the average of protein supplemented 

steers throughout this trial. As expected, steers on the 70% concentrate diet were heavier 

on d 56 and 84, and had greater (P < 0.01) DMI, ADG, and G:F than the average of 

forage-fed steers throughout the entire backgrounding phase. Early-weaned calves fed a 

high concentrate diet have consistently shown greater BW, ADG, and G:F ratios than 

NW pastured calves or calves fed a high fiber diet (Barker-Neef et al., 2001; 

Schoonmaker et al, 2001, 2003). Myers et al. (1999) also reported an increase in ADG 

in steers weaned at 90 d and fed a concentrate ration vs. steers left nursing their mothers 

while grazing endophyte-infected tall fescue and red clover pastures. Other studies have 



shown no differences in DMI during the growing period between forage- and 

concentrate-fed steers (Sainz et al., 1995, Schoonmaker et al., 2003), however, the 

forage-based diets used in the aforementioned studies contained 13.3% and 15.3% CP, 

respectively. Daily DMI of steers on the 70% concentrate diet may have been greater 

than the other groups in the present trial due to the low energy and protein content of the 

forage-based diet. Cattle eat to satisfy energy requirements, but fill effects (ruminal and 

post-ruminal) of calves receiving the bermudagrass hay diet may have prevented the 

necessary DMI to meet energy requirements (Owens et al., 1991; Beaty et al., 1994; 

Sainz et al., 1995). 

No differences (P >0.10) were detected in performance (except for G:F during d 56 to 

84; P = 0.06) throughout this entire trial between steers fed SBM at 0.175 or 0.35% of 

BW (as-fed). Supplemental CP (SBM; 47.7 % CP, DM basis) for the 0.175% SBM was 

calculated from NRC (2000) recommendations and increasing this amount to 0.35% BW 

did not increase performance. Energy may have been a limiting factor in the microbial 

utilization of the additional available N in the 0.35% BW (Owens et al., 1991; Heldt et 

al., 1999; Bodine and Purvis, 2003). Galloway et al. (1993) reported that live weight 

gain increased in steers (423 kg average BW) supplemented with com and ground wheat 

while grazing bermudagrass (13 to 16% CP). 

Supplemental CP tended (P = 0.08) to increase total DMI during d 28 to 56 and 

increased (P = 0.02) total DMI during d 56 to 84 vs. CTRL. In addition, protein 

supplemented steers had greater (P < 0.01) hay intake than CTRL from d 56 to 84. 

Sanson et al. (2003) reported an increase in DMI and DM digestibility of low-quality 
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meadow hay (5.2% CP) by steers supplemented with SBM (1.4 g/kg BW). Average daily 

gain and G:F was also greater (P <0.01) for steers supplemented with SBM vs. CTRL for 

d 28 to 56 and d 56 to 84. When bacteria have insufficient N, their growth and efficiency 

decrease and their mortality increases (Owens et al., 1991). Beaty et al. (1994) reported 

that as CP concentration in supplements increased from 10 to 40%, straw DMI increased 

quadratically, whereas DM and NDF digestion increased linearly in yearling cattle. 

Thus, it seems beneficial to supplement low-quality forage with CP during a 

backgrounding phase to stimulate intake and increase ADG and G:F of steers (Cole and 

Hutcheson, 1988). 

Growth Response: Receiving Phase 

Steers fed CONC were heavier than the average of forage-fed steers (P < 0.01) at the 

end of the 28-d recei ving phase. During the receiving phase, CONC fed steers continued 

to have greater ADG (P = 0.02) and DMI (P < 0.01), but no differences (P = 0.69) were 

observed for G:F compared to forage-fed steers. These results suggest that forage-fed 

steers began performing as well as CONC fed steers, once transitioned onto the same 

70% concentrate diet. Previous research has shown that DMI (Fox et al., 1972; Mader et 

al., 1989; Myers et al., 1999) and feed efficiency (Fox et al., 1972; Sainz et al., 1995) 

are greater in steers transitioned onto a concentrate diet after experiencing little or no 

change in BW (compensatory growth), vs. steers continually fed a high concentrate diet. 

It has also been reported that during compensatory growth, NEm requirement is reduced 

and ME is more efficiently used which may have increased feed efficiency of the forage-
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fed steers (Fox et al., 1988; Fluharty and McClure, 1997). Abdalla et al. (1988) reported 

that DMI and G:F were greater for calves placed on a high concentrate diet after being 

fed an 8.3% CP diet for 252 d vs. calves fed a concentrate diet for the same period of 

time. Low-quality forage was only fed for 84 d in the present trial. The compensatory 

effects reported by Abdalla et al. (1988) may have been due to the substantially longer 

feeding of a forage diet. 

Metabolic Profiles and Febrile Response 

Treatment by d interactions (P < 0.01) were observed for all serum metabolites and 

febrile response analyzed in this trial. Therefore, all data were analyzed by d, and 

LSMeans and orthogonal contrasts are reported in Appendices E4 and E5. Non-esterified 

fatty acids and glucose were greater (P < 0.02) in CONC vs. the average of the forage-fed 

steers on d 28, 56, 85, 88, and 91. Steers supplemented with CP (0.175 or 0.35% of BW) 

had greater (P = 0.03) NEFA on d 56 and greater (P < 0.02) glucose on d 85 and 91 than 

CTRL. Non-esterified fatty acids also tended to be greater (P = 0.08) on d 56 in steers 

fed protein at 0.35 vs. 0.175% of BW. Furthermore, glucose was greater (P < 0.05) on d 

85 and tended to be greater (P < 0.10) on d 88 and 91 in steers fed SBM at 0.35 vs. 

0.175% of BW. Other research has reported greater circulating glucose concentrations in 

concentrate vs. forage-fed cattle (Evans et al., 1975) and in steers supplemented with CP 

(Ludden et al., 2003). In contrast, Schoonmaker et al. (2003) reported no differences in 

circulating glucose between forage (30% brome grass hay and 55% soy hulls) and 

concentrate-fed steers. 
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Averaged across d, concentrations of serum glucose and insulin were correlated (0.55, 

P < 0.01). Additionally, steers fed CONC diet had greater insulin on d 56 (P = 0.05) and 

85 (P < 0.01) vs. the average of the forage-fed steers. No differences (P > 0.17) in insulin 

were detected between CTRL vs. SBM supplemented steers, or between steers fed SBM 

at 0.175 vs. 0.35% of BW. In contrast, insulin has been reported to be greater in steers 

supplemented (vs. non-supplemented) with CP (cottonseed meal) while grazing a 

dormant (1.1% N) intermediate wheatgrass pasture (Barton et al., 1992). 

The SUN of steers supplemented with SBM at 0.175 and 0.35%) of BW was greater 

(P < 0.01) than CTRL on d 28 and 85. Increasing CP supplementation from 0.175 to 

0.35% of BW also resulted in greater (P < 0.03) SUN on d 28 and 85 (Appendix E4). 

Protein supplementation generally increases circulating urea nitrogen concentrations 

(Bandyk et al., 2001; Bodine and Purvis, 2003; Ludden et al, 2003). Further, rumen 

fluid ammonia concentration was previously reported to plateau at 6 to 8 mg N/dL, which 

coincided with a plasma urea N concentration of 8 to 10 mg N/dL (Thornton, 1970). In 

the present trial, steers supplemented with SBM at 0.35%) of BW had SUN concentrations 

above 9.0 mg/dL throughout the entire backgrounding phase (Appendix E5). Thus, even 

though SUN was greater in steers supplemented with SBM at 0.35%) of BW, rumen 

ammonia N may not have been different from steers supplemented with SBM at 0.175%) 

of BW. No differences in ruminal ammonia N may have resulted in no additional 

benefits to the rumen microbial population, therefore no increase in dry matter 

digestibihty or DMI. 



76 

Averaged across d, rectal temperature was correlated (0.28, P < 0.01) to SUN. 

Additionally, SUN was greater (P < 0.01) on d 91 for forage-fed steers than CONC. 

Blood urea N has been reported to increase from 6.5 to 12.9 mg/dL in response to an IBR 

challenge (Orr et al., 1988). Therefore, the infectious BHV-1 intranasal dose used in the 

present trial may have affected forage-fed steers more than CONC. 

No differences were observed for TP between CTRL vs. the average of SBM 

supplemented steers (P > 0.37), or between steers supplemented at 0.175 vs. 0.35% of 

BW (P > 0.11). Total protein was expected to be less in CTRL vs. the average of SBM 

supplemented steers because TP is primarily composed of albumin, which tends to 

decrease with sustained dietary protein deficiencies (Johnston and Morris, 1996). Steers 

fed CONC tended (P = 0.09) to have greater TP on d 88 and had greater (P < 0.01) TP on 

d 91 than forage-fed steers. 

Nutrient intake and diet quality are integral components of the immune system and 

increasing metabolizable protein supply may improve animal health (McCoy et al, 

1998). In the present trial, IgG was not greater (P > 0.34) in steers fed higher quality 

diets. In fact, steers fed bermudagrass hay during the backgrounding phase had greater 

IgG on d 56, 85, 88 (P < 0.05), and tended to have greater IgG on d 91 (P = 0.07) than 

those fed CONC. 

Even though CONC steers had lower IgG than the forage fed steers, no visual signs of 

morbidity were observed (except for 1 steer fed SBM at 0.35% of BW). Thus, CONC 

may have been more effective (vs. forage-fed steers) neutralizing BHV-1 at the site of 

infection before it could elicit a strong immune response. If a local immune response to a 
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foreign antigen is effective, a systemic response (e.g. serum IgG) may not be required. 

Therefore, low serum IgG concentrations are acceptable if the animal remains healthy 

and does not experience latent morbidity. Greater rectal temperatures (P <0.01) were 

observed for CONC on d 86, but the biological significance is questioned since this 

difference was only 0.34°C and observed 1 d after the immune challenge (Orr et al., 

1988; Fraser et al., 1991; Engel et al., 1999). 

Fever generally benefits the host animal since severity of some viral infections is 

decreased and immune responses become more effective at elevated temperatures 

(Janeway and Travers, 1996; White, 1996). Protein-supplemented steers had greater (P 

< 0.05) rectal temperatures on d 85 and 86, but this difference was less than 0.28°C, thus 

the biological significance is questionable as previously discussed. After the BHV-1 

immune challenge (d 85), average rectal temperatures of steers supplemented with SBM 

at 0.175 and 0.35% of BW were greater (P < 0.01) than CTRL on d 88 and 89. 

It is difficult to make definitive conclusions about the effectiveness of an immune 

response to a foreign antigen due to the many metabolic response pathways, metabolite 

interactions, disease severity, effectiveness of fever on recovery rate, and problems 

associated with visually detecting morbidity. Orr et al. (1988) concluded that higher 

quality and/or quantity of dietary protein is needed during stress and infectious states due 

to protein catabolism. Even though morbidity was not observed (except for one steer fed 

SBM at 0.35% of BW) after steers were given an infectious BHV-1 dose, rectal 

temperatures (3 and 4 d after the BHV-1 challenge) were about O.TS^C greater (P < 0.01) 
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for the average of protein supplemented steers vs. CTRL. Thus, supplemental protein 

seems to be required for steers backgrounded on a low-protein hay diet. 

Implications 

Producers should be aware that performance may be compromised if steers are fed 

diets below National Research Council crude protein recommendations. It is suggested 

that early-weaned steers backgrounded on low-quality forage, be supplemented with 

crude protein according to requirements. Increasing crude protein above NRC 

requirements did not seem to be beneficial in this trial. We conclude that a higher quality 

diet fed during a backgrounding phase enhances performance of early-weaned steers and 

increases febrile response (as measured by rectal temperature) to an infectious bovine 

herpesvirus-1 respiratory challenge. 



79 

References 

Abdalla, H. O., D. G. Fox, and M. L. Thonney. 1988. Compensatory gain by Holstein 
calves after underfeeding protein. J. Anim. Sci. 66:2687-2695. 

AOAC. 1990. Official Methods of Analysis. 15th ed. Assoc. Offic. Anal. Chem., 
Arhngton, VA. 

Bandyk, C. A., R. C. Cochran, T. A. Wickersham, E. C. Titgemeyer, C. G. Farmer, and J. 
J. Higgins. 2001. Effect of ruminal vs. postruminal administration of degradable 
protein on utihzation of low-quality forage by beef steers. J. Anim. Sci. 79:225-
231. 

Barker-Neef, J. M., D. D. Buskirk, J. R. Black, M. E. Doumit, and S. R. Rust. 2001. 
Biological and economic performance of early-weaned Angus steers. J. Anim. 
Sci. 79:2762-2769. 

Barton, R. K., L. J. Krysl, M. B. Judkins, D. W. Holcombe, J. T. Broesder, S. A. Gunter, 
and S. W. Beam. 1992. Time of daily supplementation for steers grazing 
dormant intermediate Wheatgrass pasture. J. Anim. Sci. 70:547-558. 

Bateman, K. G., S. W. Marin, P. E. Shewen, and P. I. Menzies. 1990. An evaluation of 
antimicrobial therapy for undifferentiated bovine respiratory disease. Can. Vet. J. 
31:689-696. 

Beaty, J. L., R. C. Cochran, B. A. Lintzenich, E. S. Vanzant, J. L. Morrill, R. T. Brandt, 
Jr., and D. E. Johnson. 1994. Effect of frequency of supplementation and protein 
concentration in supplements on performance and digestion characteristics of beef 
cattle consuming low-quality forages. J. Anim. Sci. 72:2475-2486. 

Belknap, E. B., L. M. Walters, C. Kelling, V. K. Ayers, J. Norris, J. McMillen, C. 
Hayhow, M. Cochran, D. N. Reddy, J. Wright, and J. K. Collins. 1999. 
Immunogenicity and protective efficacy of a gE and US2 gene-deleted bovine 
herpesvirus-1 (BHV-1) vaccine. Vaccine. 17:2297-2305. 

Bodine, T. N., and H. T. Purvis, II. 2003. Effects of supplemental vitamin E and/or 
degradation intake protein on performance grazing behavior, intake, digestibility, 
and fecal and blood indices by beef steers grazed on dormant native tallgrass 
prairie. J. Anim. Sci. 81:304-317. 

Cole, N. A., and D. P. Hutcheson. 1988. Influence of protein concentration in prefast 
and postfast diets on feed intake of steers and nitrogen and phosphorus 
metaboUsm of lambs. J. Anim. Sci. 66:1764-1777. 



80 

Comerford, J. W., H. W. Harpster, and V. H. Baumer. 2001. The effects of grazing, 
liquid supplements, and implants on feedlot performance and carcass traits of 
Holstein steers. J. Anim. Sci. 79:325-332. 

Duff, G. C., D. A. Walker, K. J. Malcom-Callis, M. W. Wiseman, and D. M. Hallford. 
2000. Effects of preshipping versus arrival medication with tilmicosin phosphate 
and feeding chlortetracycline on health and performance of newly received beef 
cattle. J. Anim. Sci. 78:267-274. 

Engle, T. E., J. W. Spears, T. T. Brown, Jr., K. E. Lloyd. 1999. Effect of breed (Angus 
vs. Simmental) on immune function and response to a disease challenge in 
stressed steers and pre-weaned calves. J. Anim. Sci. 77:516-521. 

Evans, E., J. B. Buchanan-Smith, and G. K. Macleod. 1975. Post-prandial patterns of 
plasma glucose, insulin and volatile fatty acids in ruminants fed low- and high-
roughage diets. J. Anim. Sci. 41:1474-1479. 

Fluharty, F. L., and K. E. McClure. 1997. Effects of dietary energy intake and protein 
concentration on performance and viscera organ mass in lambs. J. Anim. Sci. 
75:604-610. 

Fox, D. G., R. R. Johnson, R. L. Preston, T. R. Dockerty, and E. W. Klosterman. 1972. 
Protein and energy utilization during compensatory growth in beef cattle. J. 
Anim. Sci. 34:310-318. 

Fox, D. G., C. J. Sniffen, and J. D. O'Cormor. 1988. Adjusting nutrient requirements of 
beef cattle for animal and environmental variations. J. Anim. Sci. 66:1475-1495. 

Fraser, C. M., J. A. Bergeron, A. Mays, and S. E. Aiello, ed. 1991. Respiratory system. 
Pages 442-443 in The Merck Veterinary Manual. 7th ed. Merck and Co., Inc., 
Rathway, NJ. 

Galloway, D. L., Sr., A. L. Goetsch, L. A. Forster, Jr., A. C. Brake, and Z. B. Johnson. 
1993. Digestion, feed intake, and live weight gain by cattle consuming 
bermudagrass and supplemented with different grains. J. Anim. Sci. 71:1288-
1297. 

Heldt, J. S., R. C. Cochran, C. P. Mathis, B. C. Woods, K. C. Olson, E. C. Titgemeyer, T. 
G. Nagaraja, E. S. Vanzant, and D. E. Johnson. 1999. Effects of level and source 
of carbohydrate level of degradable intake protein on intake and digestion of low-
quality Tall grass-Prairie hay by beef steers. J. Anim. Sci. 77:2846-2854. 

Hutcheson, D. P., and N. A. Cole. 1986. Management of transit-stress syndrome in 
cattle: Nutritional and environmental effects. J. Anim. Sci. 62:555-560. 



81 

Janeway, C. A., Jr., and P. Travers. 1996. Immuno Biology. 2nd ed. Garland Pub., 
New York. 

Johnston, J. K., and D. D. Morris. 1996. Alterations in blood proteins. Pages 489-497 in 
Large Animal Internal Medicine. 2nd ed. B. P. Smith, ed. Mosby-Year Book, 
Inc., St. Louis, MO. 

Ludden, P. A., T. L. Wechter, E. J. Scholljegerdes, and B. W. Hess. 2003. Effects of 
oscillating dietary protein on growth, efficiency, and serum metabolites in 
growing beef steers. Prof Anim. Sci. 19:30-34. 

Mader, T. L., O. A. Turgen, Jr., T. J. Klopfenstein, D. R. Brink, and R. R. Oltjen. 1989. 
Effects of previous nutrition, feedlot regimen and protein level on feedlot 
performance of beef cattle. J. Anim. Sci. 67:318-328. 

McCoy, R. A., R. A. Stock, T. J. Klopfenstein, D. H. Shain, and M. J. Klemesrud. 1998. 
Effect of energy source and escape protein on receiving and finishing 
performance and health of calves. J. Anim. Sci. 76:1488-1498. 

McNeill, J. W. 2001. Texas A&M Ranch to Rail-North/South Summary Report. Texas 
Agric. Ext. Serv., Texas A&M University. 

Morck, D. W., J. K. Merrill, B. E. Thorlakson, M. E. Olson, L. V. Tonklinson, and J. W. 
Costerton. 1993. Prophylactic efficacy of tilmicosin for bovine respiratory tract 
disease. J. Am. Vet. Med. Assoc. 202:273-277. 

Myers, S. E., D. B. Faulkner, F. A. Ireland, and D. F. Parrett. 1999. Comparison of three 
weaning ages on cow-calf performance and steer carcass traits. J. Anim. Sci. 
77:323-329. 

NRC. 2000. Nutrient Requirements of Beef Cattle. 7th ed. Natl. Acad. Press, 
Washington, DC. 

Orr, C., D. P. Hutcheson, J. M. Cummins, and G. B. Thompson. 1988. Nitrogen kinetics 
of infectious bovine rhinotracheitis-stressed calves. J. Anim. Sci. 66:1982-1989. 

Owens, F. N., J. Garza, P. Dubeski. 1991. Advances in amino acid and N nutrition in 
grazing ruminants. Pages 109-137 in Proc. Grazing Livestock Nutr. Conf, OK 
Agric. Exp. Sta. MP-133, Stillwater. 

Reimers, T. J., R. G. Cowan, J. P. McCann, and M. W. Ross. 1982. Validation of a rapid 
solid-phase radioimmunoassay for canine, bovine, and equine insulin. Am. J. 
Vet. Res. 43:1274-1278. 



82 

Richards, J. B., D. M. Hallford, and G. C. Duff. 1999. Serum leuteinizing hormone, 
testosterone and throxine and growth responses of ram lambs fed locoweed 
(Oxtropis sericea) and treated with vitamin E/selenium. Theriogenol. 52:1055-
1066. 

Russell, J. B. 1998. Strategies that ruminal bacteria use to handle excess carbohydrate. 
J. Anim. Sci. 76:1955-1963. 

Sainz, R. D., F. De la Torre, and J. W. Oltjen. 1995. Compensatory growth and carcass 
quality in growth-restricted and refed beef steers. J. Anim. Sci. 73:2971-2979. 

Sanson, D. W., S. I. Paisley, and R. J. Gaebe. 2003. Utihzation of mature low-quality 
grass hay be lambs and steers supplemented with soybean meal products. Prof 
Anim. Sci. 19:290-296. 

Schoonmaker, J. P., M. J. Cecava, D. B. Faulkner, F. L. Fluharty, H. N. Zerby, and S. C. 
Loerch. 2003. Effect of source of energy and rate of growth on performance, 
carcass characteristics, ruminal fermentation, and serum glucose and insulin of 
early-weaned steers. J. Anim. Sci. 81:843-855. 

Schoonmaker, J. P., F. L. Fluharty, S.C. Loerch, T. B. Turner, S. J. Moeller, and D. M. 
Wulf 2001. Effect of weaning status and implant regimen on growth, 
performance, and carcass characteristics of steers. J. Anim. Sci. 79:1074-1084. 

Thornton, R. F. 1970. Urea excretion in ruminants: I. Studies in sheep and cattle offered 
the same diet. Austr. J. Agric. Res. 21:323-336. 

USDA-APHIS. 2000. Part III: Health management and biosecutity in U.S. feedlots, 
1999. USDA:APH1S:VS, CEAH, National Animal Health Monitoring System. 
Fort Collins, CO. 

White, S. L. 1996. Alterations in body temperature. Pages 35-45 in Large Animal 
Internal Medicine. 2nd ed. B. P. Smith, ed. Mosby-Year Book, Inc., St. Louis, 
MO. 



83 

APPENDIX C I 

ANIMAL SUBJECTS APPROVAL FOR TRIAL 1; HEIFER AND COWS 

P.O. Box 210101 
Tucson, AZ 85721-0101 

Verification of Review 
By The Institutional Animal Care and Use Committee (lACUC) 

PHS Assurance No. A-3248-01 - USDA No. 86-3 

The University of Arizona lACUC reviews all sections of proposals relating to animal care and use. 

The following listed proposal has been granted Final Approval according to the review policies of the lACUC: 

PROTOCOL CONTROL NUMBER/TITLE: 

#02-063 - "The Effects of Early Weaning on Liver and Adipost Gene Expression 
and Blood Constituents of Beef Cattle" 

PRfNCIPAL INVESTIGATOR/DEPARTMENT: 

Glenn, Duff, PhD - Animal Sciences 

GRANTING AGENCY; 

None Listed. 

SUBIVIISSION DATE: April 16,2002 

APPROVAL DATE: June 5,2002 APPROVAL VALID THROUGH*: June 4,2005 

*When projects or grant periods extend past the above noted expiration date, the Principal Investigator will submit a new protocol proposal for full 
review. Following lACUC review, a new Protocol Control Number and Expiration Date will be assigned. 

REVIEW STATUS FOR THIS PROJECT WAS CONFIRMED ON: June 6,2002 

REVISIONS (if any): 

MINORITY OPINIONS (if any): 

Richard C. Powell, PhD, MS 
Vice President for Research 

DATE: June 6.2002 

THE UNivERsrrYOF 

ARIZONA, Instiiutionai Animal Care 
and Use Committee ^ . 

TUCSON ARIZONA 

This approval authorizes only information as submitted on the Animal Protocol Review Form, Amendments, 
and any supplemental information contained in the file noted as reviewed and approved by the lACUC. 



84 

APPENDIX C2 

ANIMAL SUBJECTS APPROVAL FOR TRIAL 2: EARLY-WEANED STEERS 

THE UNIVERSriYOF 

Institutional Animal Care ARIZONA ® P.O. Box 210101 
and Use.Commiiiee _ . Tucson, AZ 85721-0101 

TUCSON ARIZONA 

Verification of Review 
By The Institutional Animal Care and Use Committee (lACUC) 

PHS Assurance No. A-3248-01 - USDA No. 86-3 

The University of Arizona lACUC reviews all sections of proposals relating to animal care and use. 

The following listed proposal has been granted Final Approval according to the review policies of the lACUC: 

PROTOCOL CONTROL NUMBER/TITLE; 

#02-020 - "The effect of Crude Protein Supplementation on Immunity, Performance, and 
Carcass Characteristics of Early Weaned Steer Calves Backgrounded on Low-quality Forage" 

PRINCIPAL INVESTIGATOR/DEPARTMENT: 

Glenn Duff, PhD - Animal Sciences 

GRANTING AGENCY: 

Sustainable Agricultural research and Education (SARE) 

SUBMISSION DATE; February 7,2002 

APPROVAL DATE: March 21,2002 APPROVAL VALID THROUGH*: March 20,2005 

•When projects or grant periods extend past the above noted expiration date, the Principal Investigator will submit a new protocol proposal for full 

review. Following lACUC review, a new Protocol Control Number and Expiration Date will be assigned. 
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APPENDIX D1 

YEAR 2002 AND TEN-YEAR AVERAGE ANNUAL PRECIPITATION (cm) 
FOR SEDONA AND FLAGSTAFF. AZ^''^ 

10-Year Average 
Year 2000 Precipitation (cm) 

Month Sedona"^ Flagstaff Sedona Flagstaff 
January 0.13 0.05 7.01 5.73 
February 0.00 0.18 5.81 7.18 
March 1.55 1.57 5.87 15.54 
April 1.12 1.30 3.10 2.94 
May 0.00 0.00 2.18 2.34 
June 0.00 0.00 0.58 0.81 
July 1.30 6.60 3.69 4.59 
August 3.94 2.54 5.38 7.92 
September 8.61 10.26 5.00 6.02 
October 4.60 4.78 3.80 4.65 
November 4.80 3.76 1.73 2.75 
December 1.80 1.75 3.07 3.45 

^Sedona and Flagstaff are near the V Bar V ranch where Trial 1 (Heifers and Cows) was 
located. 

b Precipitation data recorded by the National Climatic Data Center, Asheville, NC; 
http//cdo .ncdc .noaa. gov/ancsum/acs. 

"Sedona weather station 027708/99999; Flagstaff weather station 023010/03103, Pulliam 
Airport. 
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APPENDIX D2 

LEAST SQUARES MEANS FOR PERFORMANCE IN FIRST-CALF HEIFERS AND 
MATURE COWS, AND EARLY- AND NORMAL-WEANED DAMS DURING JULY, 
AUGUST, AND OCTOBER, 2002, AT THE UNIVERSITY OF ARIZONA V BAR V 
RANCH. CAMP VERDE" 

Parity'' Weanina'' 
Interaction 

Parity Weaning 
Item/d'^ Heifer Cow SEM'* EW NW SEM'' X dav X dav 
Change in BW, 

114 to 141 
141 to 197 
early-weaned'^ 
normal-weaned 

-84.1 
111,7 

18.9 
-1,0 

-93.0 
110.85 

7.5 
1.6 

9.7 
9.7 
3.3 
3.0 

-88.0 
129.1 

-89,14 
93,5 

9.7 
9.7 

0,57 0.36 

BC Score 
114 
141 
197 

3,79 
4.79 
4.14 

4.00 
4.76 
4.79 

0.17 
0.18 
0.17 

4.00 
5.12 
4,86 

3.79 
4,43 
4,07 

0.17 
0,18 
0,17 

0,05 0,08 

Change in BC 
114 to 141 
141 to 197 

1,00 
-0,06 

0.80 
0.00 

0.20 
0.20 

1,15 
-0,29 

0,64 
-0,36 

0,20 
0,20 

0.09 0,37 

ADG. ka'' -0.19 -0.30 0.32 -0,17 -0,31 0,32 0.97 0,94 

"^Day 114, 141, and 197 = July 10, Aug. 6, and Oct. 1, respectively. 

"^Parity; first-calf heifers (average age = 2 yr): cows (average age = 6.6 yr); 
Weaning; early-weaned (EW, calves weaned at an average age of 114 d): normal-
weaned (NW, calves weaned at an average age of 197 d). 

'^BW = body weight; BC = body condition (1 = emaciated, 9 = obese); ADG = average 
daily gain. 

''Greatest standard error of least squares means reported. 

®P-values for change BW were derived using log transformation and data are 
reported as actual BW change. Parity x weaning interaction was observed for change in 
BW (P = 0.02). 

Effects reported were averaged across d for main effects (P > 0.34). 
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APPENDIX D3 

LEAST SQUARES MEANS OF METABOLIC PROFILES IN FIRST CALF HEIFERS 
AND MATURE COWS, AND EARLY- AND NORMAL-WEANED DAMS DURING 
JULY, AUGUST, AND OCTOBER, 2002, AT THE UNIVERSITY OF ARIZONA V 
BAR V RANCH. CAMP VERDE^ 

Interaction 
Parity'' Weanina*' Parity Weaning 

Item/d'' Heifer Cow SEM'^ EW NW SEM'' X dav X dav 
Hepatic IGF-1 mRNA Expression^ 0.04 0.91 

114 1.22 1.16 0.08 1.12 1.26 0.08 
205 1.14 1.42 0.09 1.20 1.36 0.09 

IGF-1, ng/mL 0.01 <0.01 
114 29.5 26.1 4.86 24.4 31.2 4.86 
141 69.0 50.3 4.96 65.0 54.4 4.96 
197 79.9 71.9 4.96 85.5 66.2 4.96 
205 89.1 94.9 4.86 88.3 95.7 4.86 

NEFA, /zEq/L 0.05 0.11 
114 341.6 497.2 62.68 452.3 386.5 62.68 
141 772.1 697.8 64.72 734.3 735.6 64.72 
197 567.6 593.9 64.72 523.1 638.4 64.72 
205 209.0 393.3 62.68 366.8 235.7 62.68 

Serum Urea Nitrogen, mg/dL 0.02 0.58 
114 13.0 11.2 0.81 11.6 12.6 0.81 
141 19.0 20.8 0.83 18.7 21.2 0.83 
197 16.7 18.0 0.83 16.5 18.2 0.83 
205 12.8 11.2 0.81 11.7 12.3 0.81 

^Day 114, 141, 197, and 205 = July 10, Aug. 6, Oct. 1, and Oct. 9, respectively. 

^Parity; first-calf heifers (average age = 2 yr); cows (average age = 6.6 yr); 
Weaning; early-weaned (EW, calves weaned at an average age of 114 d): normal-
weaned (NW, calves weaned at an average age of 197 d). 

'^IGF-1 mRNA = insulin-like growth factor-l messenger RNA; NEFA = non-esterified 
fatty acids. 

'^Greatest standard error of least squares means reported. 

^Quantified by ribonuclease protection assay. Reported value is ratio of IGF-1 mRNA to 
bovine glyceraldebyde-3-phosphate dehydrogenase mRNA. 
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APPENDIX D4 

FIGURE 1 - LEAST SQUARES MEANS OF BODY WEIGHTS OF FIRST-CALF 
HEIFERS AND MATURE COWS, AND EARLY- AND NORMAL-WEANED DAMS 
DURING JULY, AUGUST, AND OCTOBER, 2002, AT THE UNIVERSITY OF 
ARIZONA V BAR V RANCH, CAMP VERDE^ 
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'^Parity x weaning x d (P = 0.03) and weaning x d (P < 0.01) interactions were observed 
for body weight (BW). July 10, Aug. 6, Oct. 1, and Oct. 9 = days 114, 141, 197, and 
205, respectively. First-calf heifers (average age = 2 yr); cows (average age = 6.6 yr); 
early-weaned (EW, calves weaned at an average age of 114 d; July 10); normal-weaned 
(NW, calves weaned at an average age of 197 d; October 1). 
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APPENDIX El 

INGREDIENT AND CHEMICAL COMPOSITION (% DM BASIS) 
OF FORAGE AND 70% CONCENTRATE DIET FED DURING 
THE BACKGROUNDING AND RECEIVING PHASES 

Ingredient % of Diet DM 
Steam- flaked com 59.10 
Sudan grass hay 30.00 
Soybean meal (47.7% CP) 3.00 
Cane molasses 5.00 
Urea 0.40 
Premix^ 2.50 

Backgrounding: d 0 to 84, DM, % 
70% Concentrate Diet 

CP, % 12.9 
Ash, % 7.70 
ADF,% 13.43 

Bermudagrass Hay 
CP, % 6.7 
Ash, % 5.92 
ADF, % 29.86 

Receiving: d 85 to 112, DM, % 
70% Concentrate Diet 

CP, % 13.10 
Ash, % 8.03 
ADF. % 12.32 

'^Premix formulated to meet or exceed trace mineral 
requirements (NRC, 2000). Premix ingredients: ground milo, 
limestone, dicalcium phosphate, potassium chloride, 
magjiesium oxide, ammonium sulfate, salt, cobalt carbonate, 
copper sulfate, iron sulfate, calcium iodate, manganese oxide, 
selenium premix (16%), zinc sulfate, vitamin A (30,000 lU/g), 
vitamin E (500 lU/g), Rumensin-80, and Tylan-40 
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APPENDIX E2 

EFFECTS OF DIET FOR EARLY-WEANED CROSSBRED BEEF STEERS ON 
BODY WEIGHT" 

Treatment 
Soybean Meal. % of BW Contrast^ 

Item 0.00 0.175 0.35 CONC SEM'' 1 2 3 
Body Weight, kg 

dO 112.8 109.2 108.4 105.0 9.0 0.62 0.70 0.95 
d 2 8  119.9 117.1 118.8 128.7 10.1 0.39 0.87 0.91 
d 5 6  124.0 127.9 134.2 165.2 11.7 0.01 0.61 0.71 
d 8 4  128.8 142.4 153.5 208.8 13.2 <0.01 0.23 0.56 
d 112 143.8 161.9 174.0 234.2 13.6 <0.01 0.14 0.54 

^Steers intranasally challenged with an infectious bovine herpes virus-1 dose on d 85. 

''Linear Orthogonal Contrasts: 1 = steers fed bermudagrass hay vs. concentrate-fed 
steers, 2 = steers fed only bermudagrass hay vs. average of steers fed soybean meal at 
0.175 or 0.35% of BW (as-fed), 3 = steers fed protein at 0.175 vs. 0.35% of BW. 

'^70% concentrate diet. 

''Greatest standard error of least squares means reported. 
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EFFECTS OF DIET FOR EARLY-WEANED CROSSBRED BEEF STEERS ON 
AVERAGE DAILY GAIN, DRY MATTER INTAKE, AND GAIN TO FEED RATIO' 

Treatment 
Soybean Meal. % of BW Contrast*^ 

Item'^ 0.00 0.175 0.35 CONC" SEM' 1 2 3 
ADG, kg/d 

d 0 to 28 0.25 0.28 0.37 0.84 0.07 <0.01 0.37 0.37 
d 28 to 56 0.15 0.39 0.55 1.31 0.09 <0.01 <0.01 0.21 
d 56 to 84 0.17 0.52 0.69 1.56 0.08 <0.01 <0.01 0.12 
d 8 4  t o  1 1 2  0.52 0.67 0.71 0.88 0.08 0.02 <0.10 0.80 

DMI, kg/d 
d 0 to 28 

Hay 2.91 3.03 2.96 - 0.22 - 0.74 0.83 
SBM - 0.18 0.35 - 0.14 - - -

Total 2.91 3.20 3.31 4.51 0.29 <0.01 0.32 0.80 
d 28 to 56 

Hay 3.35 3.69 3.81 - 0.22 - 0.13 0.71 
SBM - 0.19 0.39 - 0.02 - - -

Total 3.35 3.88 4.19 5.92 0.32 <0.01 0.08 0.49 
d 56 to 84 

Hay 3.59 4.16 4.50 - 0.20 - <0.01 0.24 
SBM - 0.21 0.43 - 0.02 - - -

Total 3.59 4.37 4.92 7.06 0.35 <0.01 0.02 0.26 
d 8 4  t o  1 1 2  

Total 5.08 5.56 6.00 7.65 0.38 <0.01 0.14 0.48 
Gain:Feed, kg/kg 

d 0 to 28 0.091 0.088 0.116 0.187 0.02 <0.01 0.65 0.33 
d 28 to 56 0.047 0.099 0.129 0.216 0.01 <0.01 <0.01 0.15 
d 56 to 84 0.048 0.116 0.141 0.222 0.01 <0.01 <0.01 0.06 
d 8 4 t o  1 1 2  0 . 1 0 1  0.122 0.117 0.119 0.01 0.69 0.24 0.82 

Steers intranasally challenged with an infectious bovine herpes virus-1 dose on d 85. 

b Linear Orthogonal Contrasts: 1 = steers fed bermudagrass hay vs. concentrate-fed 
steers, 2 = steers fed only bermudagrass hay vs. average of steers fed soybean meal at 
0.175 or 0.35% of BW (as-fed), 3 = steers fed protein at 0.175 vs. 0.35% of BW. 

'^ADG = average daily gain; DMI = dry matter intake; Hay = bermudagrass hay; SBM = 
soybean meal; Gain:Feed = gain to feed ratio. 

'^70% concentrate diet. 

^Greatest standard error of least squares means reported. 
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EFFECTS OF DIET ON METABOLIC PROFILES OF EARLY-WEANED 
CROSSBRED BEEF STEERS INTRANASALLY CHALLENGED WITH AN 
INFECTIOUS BOVINE HERPESVIRUS-f 

Treatment 
Soybean Meal. % of BW Contrast'' 

Item' 0.00 0.175 0.35 CONC" SEM' 1 2 3 

Serum NEFA, //Eq/L 
d 2 8  72.03 87.61 81.02 133.55 11.45 <0.01 0.37 0.69 
d 5 6  62.78 69.26 81.77 117.28 4.88 <0.01 0.03 0.08 
d 8 5  69.80 79.54 69.72 116.35 11.36 <0.01 0.72 0.55 
d 8 8  108.18 94.02 101.08 147.91 13.76 <0.01 0.52 0.72 
d 9 1  97.64 129.85 109.58 173.90 19.60 0.01 0.35 0.47 

Serum Total Protein, g/dL 
d 2 8  5.77 5.87 5.69 6.00 0.29 0.50 0.97 0.67 
d 5 6  5.61 5.75 5.62 6.03 0.19 0.11 0.74 0.63 
d 8 5  6.12 6.21 6.16 6.33 0.14 0.31 0.71 0.82 
d 8 8  5.22 5.37 5.43 5.90 0.28 0.09 0.57 0.89 
d 9 1  5.40 5.42 4.96 5.86 0.19 0.01 0.37 0.11 

SUN, mg/dL 
d 2 8  3.90 6.55 11.47 7.87 0.97 0.61 <0.01 <0.01 
d 5 6  5.76 5.78 9.09 5.62 2.42 0.65 0.56 0.34 
d 8 5  1.17 6.46 9.55 5.31 0.90 0.69 <0.01 0.02 
d 8 8  7.26 8.26 5.28 5.20 1.42 0.30 0.77 0.15 
d 9 1  8.74 11.04 10.55 6.21 1.15 <0.01 0.14 0.76 

Serum Glucose, mg/dL 
d 2 8  53.30 52.29 56.04 70.87 3.94 <0.01 0.85 0.51 
d 5 6  59.29 60.68 67.46 84.98 4.54 <0.01 0.38 0.30 
d 8 5  64.05 73.22 83.96 99.94 3.66 <0.01 <0.01 <0.05 
d 8 8  73.66 74.35 85.20 107.51 4.44 <0.01 0.25 0.09 
d 9 1  76.16 81.79 90.69 105.08 3.26 <0.01 0.01 0.06 

Serum IgG, mg/mL 
d 2 8  16.22 14.35 14.19 11.99 1.70 0.14 0.34 0.95 
d 5 6  13.39 12.16 12.85 9.31 1.21 0.02 0.54 0.69 
d 8 5  18.78 17.40 18.03 13.09 1.66 0.01 0.59 0.79 
d 8 8  18.53 22.45 20.99 13.96 2.79 <0.05 0.34 0.71 
d 9 1  15.59 15.13 13.18 10.74 1.80 0.07 0.50 0.45 

Serum Insulin, ng/mL 
d 2 8  1.36 1.20 1.04 1.28 0.15 0.67 0.20 0.47 
d 5 6  1.50 2.29 1.51 3.01 0.54 0.05 0.54 0.31 
d 8 5  1.08 1.63 1.51 2.66 0.39 <0.01 0.17 0.79 
d 8 8  3.13 4,12 3.96 5.22 0.83 0.13 0.36 0.89 
d 9 1  3.07 4.11 4.57 5.37 0.87 0.16 0.23 0.71 

^Steers intranasally challenged with an infectious bovine herpes virus-1 dose on d 85. 

Linear Orthogonal Contrasts: 1 = steers fed bermudagrass hay vs. concentrate-fed 
steers, 2 = steers fed only bermudagrass hay vs. average of steers fed soybean meal at 
0.175 or 0.35% of BW (as-fed), 3 = steers fed protein at 0.175 vs. 0.35% of BW. 
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APPENDIX E4 - Continued 

'^NEFA = non-esterified fatty acids; SUN = serum urea nitrogen; 
IgG = immunoglobulin G. 

''70% concentrate diet. 

®Greatest standard error of least squares means reported. 
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APPENDIX E5 

EFFECTS OF DIET ON FEBRILE RESPONSE (AS MEASLORED BY RECTAL 
TEMPERATURE, °C) OF EARLY-WEANED CROSSBRED BEEF STEERS 
INTRANASALLY CHALLENGED WITH AN INFECTIOUS BOVINE 
HERPESVIRUS-

Treatment 
Soybean MeaL % of BW Contrast'' 

Item 0.00 0.175 0.35 CONC'^ SEM'^ 1 2 3 
Rectal Temperature, °C 

d 8 5  38.14 38.40 38.44 38.51 0.10 0.12 0.03 0.82 
d 8 6  38.30 38.43 38.63 38.79 0.09 <0.01 0.04 0.14 
d 8 7  38.67 39.11 38.93 38.86 0.21 0.86 0.17 0.56 
d S S  39.21 40.22 39.73 39.58 0.22 0.60 <0.01 0.13 
d 8 9  39.38 40.10 40.25 40.01 0.20 0.68 <0.01 0.62 
d 9 0  39.17 39.44 39.46 39.13 0.20 0.32 0.25 0.94 
d 9 1  39.16 39.33 39.24 38.97 0.18 0.20 0.55 0.70 

^Rectal temperatures of all calves were greater than 39.44 °C by day 89 except one steer 
backgrounded on a 70% concentrate diet (CONC). 

''Steers intranasally challenged with an infectious bovine herpes virus-1 dose on d 85. 

'^Linear Orthogonal Contrasts: 1 = steers fed bermudagrass hay vs. concentrate-fed 
steers, 2 = steers fed only bermudagrass hay vs. average of steers fed soybean meal at 
0.175 or 0.35% of BW (as-fed), 3 = steers fed protein at 0.175 vs. 0.35% of BW. 

^*70% concentrate diet. 

^Greatest standard error of least squares means reported. 


