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The following experiment presented herein compared growth, physiological, 

and reproductive responses of beef heifers with (MI) or without (CON) access to a 

creep-feeder, as a manner to stimulate metabolic imprinting while nursing their dams. 

On d 0 of the experiment, 60 Angus × Hereford heifers were ranked by initial BW and 

age (140 ± 3 kg and 68 ± 3 d, respectively) as well as dam age and BCS, and assigned 

to pairs so all ranking criteria were similar between heifers within each pair. On d 1, 

pairs were randomly assigned to MI (n = 15) or CON (n = 15). From d 1 to 51, MI 

pairs and their dams were allocated to 15 drylot pens where heifers had ad libitum 

access to a corn-based supplement through a creep-feeder. The CON pairs and their 

dams were maintained in an adjacent single drylot pen. From d 52 to 111, cattle from 

both treatments were managed as a single group on a semiarid range pasture. On d 

111, heifers were weaned and allocated to 2 pastures according to treatment, receiving 

hay and a corn-based concentrate until d 326. Full BW was recorded prior to (d -1 and 

0) and at the end of the creep-feeding period (d 50 and 51), whereas shrunk BW was 

collected on d 112 and 326. On d 0, 51, 111, 187, 261, and 325, blood was collected 



and real-time ultrasonography for LM depth and backfat thickness assessment was 

performed. Blood was also collected every 10 d from d 113 to 323 for puberty 

evaluation via plasma progesterone concentrations. Liver and subcutaneous fat 

biopsies were performed on d 51, 111, 261, and 325. Average daily gain was greater 

(P < 0.01) for MI than CON from d 1 to 51, tended (P = 0.09) to be greater for CON 

than MI from d 112 to 326, whereas BW on d 326 was similar (P = 0.87) between 

treatments. On d 51, MI had greater (P ≤ 0.01) plasma IGF-I and glucose 

concentrations, as well as mRNA expression of hepatic pyruvate carboxylase and 

adipose fatty acid synthase than CON. On d 261 and 325, plasma insulin 

concentrations were greater (P ≤ 0.03) in CON than MI. Mean mRNA expression of 

hepatic IGF-I and adipose peroxisome proliferator-activated receptor gamma were 

greater (P ≤ 0.05) in MI than CON. Heifers assigned to MI attained puberty earlier (P 

= 0.04) during the experiment than CON, although age and BW at puberty were 

similar (P ≤ 0.74) between treatments. In conclusion, supplementing nursing heifers 

via creep-feeding for 50 d altered physiological and biochemical parameters 

suggestive of a metabolic imprinting effect, but did not impact heifer age or BW at 

puberty. 

 

 

 

 

 

 

 



 

 

 

 

© Copyright by Maria de Meireles Reis 

December 2, 2014 

All Rights Reserved 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CREEP-FEEDING TO STIMULATE METABOLIC IMPRINTING IN NURSING 

BEEF HEIFERS: IMPACTS ON HEIFER GROWTH, REPRODUCTIVE, AND 

PHYSIOLOGICAL PARAMETERS 

 

 

by 

Maria de Meireles Reis 

 

 

A THESIS 

submitted to 

Oregon State University 

 

 

in partial fulfillment of 

the requirement for the 

degree of 

Master of Science 

 

 

Presented December 2, 2014 

Commencement June 2015 

 



Master of Science thesis of Maria de Meireles Reis presented on December 2, 2014. 

Approved: 

 

Major Professor, representing Animal Science 

 

Head of the Department of Animal and Rangeland Sciences 

 

Dean of the Graduate School 

 

I understand that my thesis will become part of the permanent collection of Oregon 

State University libraries. My signature below authorizes release of my thesis to any 

reader upon request. 

 

Maria de Meireles Reis, Author 

 

 

 

 

 

 

 



ACKNOWLEDGEMENTS 

 First of all, I would like to thank my family for all the support given to me not 

only during this journey, but also during my entire life, always encouraging me to 

pursue a good education.   Your unconditional love and the belief you always had in 

me were fundamental during this period.  A very special thank you goes to my 

boyfriend, Bruno Ieda Cappellozza. Your love, patience, and help were very important 

to me, and I’m very thankful to have you by my side, on the good and on the bad 

moments as well. 

 I would like to express my gratitude to my advisor Dr. Reinaldo F. Cooke, and 

thank him for the opportunity and guidance during my entire program, and also for 

trusting in my work. I also would like to thank Dr. Bohnert, who was always willing 

to help me. Additionally, I would like to thank the other members of my committee, 

Dr. Kling and Dr. Ochoa, for their contribution to my research and education.  Finally, 

I would like to thank my former advisor, Dr. Vasconcelos, who introduced me to the 

research world and always helped and encouraged me throughout the years. 

 I also would like to thank Flávia Cooke for the help and teaching during my 

laboratory work, and also for her friendship. A special thank you goes to all the people 

who helped me during my study, staff and interns: Skip Nyman, Tony Runnels, Lyle 

Black, Lynn Carlson (thank you for your kindness and friendship), Petrina White, 

Cristiano Ramos, Italo Bueno, and Wellington Freitas. Specially, I would like to thank 

Juliana Ranches for her precious help during my study, for her friendship, and for her 

patience during the hard moments. I also would like to thank my fellow graduate 



students, Rodrigo Marques, Thomaz Guarnieri, and Murilo Rodrigues, for all the help 

and friendship during the last years. 

 Last but not least, I would like to thank all my friends, my dear old friends and 

the lovely people I had the chance to meet here in Oregon. I am a very lucky person 

for having you all on my life, and your friendship and support were essential during 

this period.  Thank you very much! 

  

 

 

 

 

 

 

 

 

 

 

 

 



TABLE OF CONTENTS 

Page 

I. Introduction ................................................................................................................. 1 

II. Literature Review ....................................................................................................... 2 

1. Puberty .................................................................................................................... 2 

1.1. Postnatal sexual development and puberty onset in beef females .................... 3 

2. Relationship between nutrition and puberty............................................................ 3 

2.1. Energy metabolism ........................................................................................... 5 

2.1.1. Glucose ................................................................................................... 5 

2.1.2. Insulin ..................................................................................................... 6 

2.1.3. IGF-1 ....................................................................................................... 7 

2.2. Interactions between energy metabolism and reproductive function ............... 8 

3. Adipose tissue ....................................................................................................... 11 

3.1. Leptin .............................................................................................................. 13 

4. Metabolic Imprinting............................................................................................. 15 

4.1. Potential mechanisms ..................................................................................... 16 

4.2. Evidences of Metabolic Imprinting in cattle................................................... 17 

5. Nutritional strategies to hasten puberty attainment of beef heifers ....................... 19 

III. Creep-feeding to stimulate metabolic imprinting in nursing beef heifers: Impacts 

on heifer growth, reproductive, and physiological parameters ..................................... 21 

1. Abstract ................................................................................................................. 21 

2. Material and Methods............................................................................................ 23 

3. Results and Discussion .......................................................................................... 31 

IV. Literature Cited ....................................................................................................... 48 

 

 

 

 

 



LIST OF FIGURES 

   

Figure                                                                                                                               Page 

1. Puberty attainment of nursing beef heifers receiving (MI; n = 15) or not (CON; n = 

15) a corn-based supplement from d 1 to 51 of the experiment via creep-feeding while 

nursing their dams………………………………….…………………...…………….46 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

LIST OF TABLES 

 

Table                                                                                                                                 Page 

1. Composition and nutrient profile of supplements offered during the 

experiment……………………………………………………………………………38 

2. Primer sequences, accession number, and reference for all gene transcripts analyzed 

by real-time reverse trancriptase-PCR…..…………………….……………...………39 

3. Body weight and ADG of nursing beef heifers receiving (MI; n = 15) or not (CON, n 

= 15) a corn-based supplement for ad libitum consumption through a creep-feeder for 

50 d...………………….………………………………………………….…………..40 

4. Body composition, subcutaneous adipocyte morphometry, and puberty attainment 

parameters of nursing beef heifers receiving (MI; n = 15) or not (CON, n = 15) a corn-

based supplement for ad libitum consumption through a creep-feeder for 50 

d………………………………………………………………………………….…...41 

5. Plasma concentrations of glucose, insulin, IGF-I, and leptin of nursing beef heifers 

receiving (MI; n = 15) or not (CON, n = 15) a corn-based supplement for ad libitum 

consumption through a creep-feeder for 50 d…………….………………..…………42 

6. Expression of hepatic and adipose genes associated with nutrient metabolism (IGF-I, 

pyruvate carboxylase [PC], and leptin) and lipogenesis (peroxisome proliferator-

activated receptor gamma [PPARγ] and fatty acid synthase [FASN]) in nursing beef 

heifers receiving (MI; n = 15) or not (CON, n = 15) a corn-based supplement for ad 

libitum consumption through a creep-feeder for 50 d………………………...……...44 

 

 

 

 

 



LIST OF ABBREVIATIONS 

 

ADG Average daily gain  

BCS Body condition score 

BW Body weight 

E2 Estradiol  

CL Corpus luteum 

DM Dry matter 

FASN Fatty acid synthase 

GH Growth hormone 

GnRH Gonadotropin-releasing hormone 

IGF-1 Insulin-like growth factor 1 

IGFBP Insulin-like growth factor binding protein 

LH Luteinizing hormone 

LM Longissimus muscle 

P4 Progesterone 

PC Pyruvate carboxylase 

PEPCK Phosphoenolpyruvate carboxykinase 

PPAR Peroxisome proliferator-activated receptor 

TG Triglycerides 

VFA Volatile fatty acid 

 

 

 

 

 

 

 

 

 



 1 

CHAPTER I 

INTRODUCTION 

 

Development of replacement heifers is a critical segment in cow-calf 

production systems. Replacement heifers represent the future profitability and 

genetic improvement for the operation. Development of replacement heifers is a 

major economic investment for beef and dairy operations, and the costs associated 

with heifer development cannot be recovered if heifers do not conceive and remain 

productive in the herd (Perry, 2012). For optimal economic return and lifetime 

productivity, replacement beef heifers in U.S. herds should attain puberty by 12 

months of age in order to calve at 2 years of age (Lesmeister et al., 1973).  

Puberty onset is determined by maturation of the hypothalamus, which 

results in reduction of the negative feedback of estradiol (E2), increasing LH 

pulsatility, and successful ovulation (Gasser et al., 2006b). This process usually 

occurs at a predetermined age; however, non-genetic variables such as nutritional 

status, body weight and fat deposition can modify the age at which puberty occurs 

(Garcia et al., 2002; Kinder et al., 1995). Thus, adequate growth and body 

condition appear to be necessary for puberty onset and initiation of a normal 

estrous cycle (Schillo et al., 1992; Perry, 2012). Accordingly, nutritional 

interventions that improve nutrient utilization, body fat accretion, and increase 

circulating concentrations of hormones that facilitate the puberty process are 

known to hasten puberty attainment in heifers (Williams et al., 2002; Cooke et al., 

2008). 
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CHAPTER 2 

LITERATURE REVIEW 

1. Puberty 

Puberty has been defined as the manifestation of reproductive competence, 

which entails the ability to ovulate an oocyte, demonstrate estrous behavior, and 

develop and maintain a functional CL (Kinder et al., 1987). The maturation 

processes that culminate in puberty and sexual maturity start before birth and are 

completed soon after puberty (Kinder et al., 1995). Sexual maturity is considered 

the age at which animals achieve their maximal reproductive potential; in heifers, it 

usually occurs three to four estrous cycle after puberty onset (Santos, 2004) since 

action of ovarian steroids on the uterus enhance probability of pregnancy (Kinder 

et al., 1995). Previous studies have demonstrated an increase of up to 21% in 

fertility from pubertal estrus to the third estrus of a heifer (Byerley et al., 1987; 

Perry et al., 1991). 

Ideally, replacement beef heifers should attain puberty by 12 months of age, 

so they are able to conceive at 14 to 16 months of age and calve at 2 years of age 

(Lesmeister et al., 1973). Failure to reach puberty at an adequate age remains the 

major reason why heifers do not become pregnant during their first breeding season 

(Yelich et al., 1996). Moreover, age at puberty and first conception will influence 

lifetime productivity of cattle, reflected in the number of calves, greater weaning 

weights, and tendency to calve earlier in subsequent years (Lesmeister et al., 1973; 

Bagley, 1993).  
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1.1. Postnatal sexual development and puberty onset in beef females 

At one month of age, the responsiveness of pituitary GnRH receptors start to 

develop, and consequently there is an increase in LH secretion. Peak of LH 

concentrations occur at 3 months of age, which coincides with an increase in 

number of small and medium sized ovarian follicles.  Therefore, circulating 

concentrations of E2 from ovarian origin begin to rise at 2 months of age and peak  

at 6 months of age, when the number of antral follicles is maximum. Increased 

levels of E2 will in turn result in a negative feedback on the hypothalamus-pituitary 

axis, inhibiting secretion of GnRH and LH, and therefore preventing the pre-

ovulatory peak of LH and consequent ovulation (Day and Anderson, 1998). 

Puberty onset is determined by maturation of the hypothalamus, and 

consequent ovulation in developing heifers (Gasser et al. 2006b). More 

specifically, occurrence of puberty is the result of a decrease in E2 negative 

feedback on LH secretion, leading to an increased frequency of release of LH 

pulses from the anterior pituitary. Increased frequency of release of LH pulses in 

turn stimulates development of ovarian follicles, which produce enough E2 to 

induce behavioral estrus and the pre-ovulatory surge of gonadotropins (Kinder et 

al., 1995) responsible for final growth and maturation of ovarian follicles, leading 

to the first ovulation (Kinder et al., 1987). 

 

2. Relationship between nutrition and puberty 

Adequate growth and body composition appears to be necessary for initiation 

of normal estrous cycles (Perry, 2012).  It is a common management strategy to 
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develop heifers to a specific BW (i.e., 65% of mature BW) but it is important to 

have in mind that specific target BW will vary across breeds (Perry, 2012). 

Conversely, research studies (Patterson et al., 1992; Funston and Deutscher, 2004; 

Funston et al., 2012) propose that heifers may be developed to 50 to 55% of mature 

BW before breeding without a decrease in overall pregnancy rates by the end of 

their first breeding season. However, this management practice may decrease 

conception rates at the beginning of the breeding season (Creighton et al., 2005). 

Several research efforts have focused on post-weaning growth management 

of replacement beef heifers. Day et al. (1986) reported delayed increase in LH 

pulse frequency and puberty onset in heifers developed on a low-energy diet 

compared with cohorts fed an adequate-energy diet. Other studies (Wiltbank et al., 

1966; Byerley et al., 1987) also reported negative effects of limited post-weaning 

growth on age at puberty and pregnancy rates. When comparing heifers managed to 

reach similar target BW but at different rates of BW gain after weaning (even rate 

of gain vs. lesser rate of gain followed by a greater rate of gain), Lynch et al. 

(1997) observed similar pregnancy and first service conception rates, suggesting 

that achieving the target body weight in a proper time has more influence on 

puberty attainment than timing of BW gain. However, excessive supplemental 

feeding of beef heifer before puberty reduces lifetime milk production and calf 

weaning weights (Martin et al., 1981). This decrease in milk productions appears to 

occur in heifers that exceed their energy intake requirement and begin to deposit 

excessive fat in the udder (Larson, 2007) during the peripubertal period, which is 

the period when udder development is hastened (Sejrsen, 1978).  
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Other research efforts have focused on pre-weaning growth management of 

replacement beef heifers. Wiltbank et al. (1966) reported that pre-weaning BW 

gain had greater influence on age at puberty compared with post-weaning BW gain. 

Moreover, Roberts et al. (2009) indicated that each 0.1 kg/d increment in pre-

weaning ADG resulted in 11% increase in heifer puberty attainment. The major 

nutritional factors affecting pre-weaning heifer growth and body composition at 

weaning are milk production of the dam, and quantity and quality of nutrients 

provided by the diet (Greenwood and Café, 2007). Therefore, there is substantial 

research evidence suggesting that pre-weaning nutritional strategies modulate 

puberty attainment in beef heifers. 

 

2.1. Energy metabolism 

The primary nutrient consideration to improve reproductive performance in 

beef females is energy (Mass, 1987). Increased energy intake results in greater 

production of VFAs by the rumen, particularly propionate, which increases glucose 

synthesis (Bergman, 1990) and subsequent insulin, leptin, and IGF-1 secretion 

(Austgen et al., 2003). All of these hormones and metabolites have been shown to 

modulate the reproductive mechanisms responsible for puberty attainment in cattle. 

 

2.1.1. Glucose 

Glucose is a small, polar, and water-soluble monosaccharide (Nussey and 

Whitehead, 2001) that is crucial for maintenance and productive function. As a 

matter of fact, glucose concentrations have been positively associated with feed 
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intake and ADG in beef cattle (Vizcarra et al., 1998). Ruminants on forage-based 

diets obtain small amounts of glucose from their diet compared with non-

ruminants. Therefore, ruminants rely heavily on hepatic gluconeogenesis to supply 

their glucose demands (Reynolds, 2005). 

Gluconeogenesis is the synthesis of glucose from non-carbohydrate 

precursors (Bergman et al., 1974), including propionate, glucogenic amino acids, 

lactate, glycerol, i-butyrate, and n-valerate (Leng, 1970). However, propionate 

accounts for up to 76% of hepatic glucose synthesis (Reynolds et al., 1994). In the 

liver, propionate is oxidized into succinyl-CoA, a citric acid cycle intermediate that 

is further converted to oxaloacetate. Amino acids can be degraded into pyruvate or 

oxaloacetate, while lactate is converted into pyruvate. The initial steps of the 

gluconeogenesis pathway are the conversion of pyruvate into oxaloacetate; a step 

catalyzed by the enzyme pyruvate carboxylase (PC). The subsequent step is 

conversion of oxaloacetate into phosphoenolpyruvate, which is catalyzed by the 

enzyme phosphoenolpyruvate carboxykinase (PEPCK; Nelson and Cox, 2005).  

Accordingly, activity and mRNA expression of PC and PEPCK have a positive 

relationship with glucose synthesis in cattle, whereas availability of gluconeogenic 

precursors is positively associated with mRNA expression of hepatic PC and 

PEPCK (Greenfield et al., 2000). 

 

2.1.2. Insulin 

Insulin is a small peptide hormone synthesized by the pancreas (Nelson and 

Cox, 2005), whose main function is to regulate glucose uptake by the cells. It 

directly stimulates glucose uptake by muscle and adipose tissue, but also promotes 
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hepatic gluconeogenesis (Austgen et al., 2003). Blood concentration of glucose 

regulates insulin synthesis and secretion by the pancreas; as blood glucose rises, 

the amount of pancreatic insulin secretion increases to maintain metabolic 

homeostasis. Moreover, insulin secretion is also stimulated by gastrointestinal 

hormones and neural mechanisms associated with feed intake (Nussey and 

Whitehead, 2001). In beef cattle, insulin concentrations are positively associated 

with feed intake and the resultant ADG (Vizcarra et al., 1998). 

 

2.1.3. IGF-1 

Bovine IGF-1 is a single chain polypeptide hormone that resembles pro-

insulin in terms of structure (Gluckman et al., 1987) and it is synthesized mainly by 

the liver upon GH stimuli (Zulu et al., 2002). Insulin-like growth factors are 

growth-promoting factors present in serum and many tissues of the body that are 

involved in carbohydrate, protein, and fat metabolism, and cell proliferation and 

differentiation (Jones and Clemmons, 1995). In cattle, Armstrong et al. (2001) 

reported a positive association between feed intake and BW gain with blood IGF-1 

concentrations. However, studies from the same group (Armstrong et al., 2001; 

2002) show considerable variation between experiments on the magnitude of the 

changes in IGF-1 concentration according to nutritional status. This finding 

indicates that other endocrine systems are probably interacting with GH to regulate 

hepatic IGF-1 secretion during periods of acute change in dietary intake 

(Armstrong et al., 2003). Additionally, the bioavailability of circulating IGF-1 and 
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its clearance rate is controlled by IGF-1 binding proteins (Thissen et al., 1994) and 

concentrations of binding proteins are also regulated by feed intake. 

Underfed cows with reduced concentration of IGF-1 also present an elevated 

GH concentration, reflecting the effects of factors such as hypoglycemia and stress 

on pituitary secretion of GH (Breier et al., 1986). This inverse relationship between 

GH and IGF-1 in underfed animals suggests that the mechanism by which IGF-1 is 

reduced in these animals is related to a state of GH resistance (Zulu et al., 2002). 

Moreover, plasma concentration of IGF-1 is positively associated with circulating 

concentration of glucose and insulin (Zulu et al., 2002). Insulin has also been 

shown to increase plasma IGF-1 concentration in dairy cows (McGuire et al., 1995) 

and to interact with GH to control hepatic IGF-1 production (Molento et al., 2002). 

Furthermore, changes in IGF-1 concentration are usually preceded by changes in 

hepatic IGF-1 mRNA expression, demonstrating that nutritional and physiological 

effects on IGF-1 synthesis occur mostly at a pretranslational stage (Thissen et al., 

1994). 

 

2.2. Interaction between energy metabolism axis and reproductive function 

Nutrient intake is positively associated with BW and circulating 

concentrations of glucose, insulin, IGF-1, and leptin (Cappelloza et al., 2014a,b), 

all of which modulate reproductive function in beef females. Glucose is the 

primary energy source for the central nervous system; consequently, inadequate 

supply of utilizable glucose reduces hypothalamic release of gonadotropins 

(Wetteman et al., 2003). Some authors propose that the effect of glucose on 

reproduction is permissive rather than causative; this hypothesis suggests that 
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glucose may be detected by the hypothalamus in a threshold-dependent manner 

such that gonadotropin secretion will be impaired if glucose supply is inadequate 

(Randel, 1990; Dhuyvetter and Caton, 1996). Likewise, dietary management may 

increase gluconeogenesis beyond the threshold and therefore promote gonadotropin 

secretion (Randel, 1990). 

It is also proposed that the positive effects of blood glucose on cattle 

reproductive function are due to improvement in energetic efficiency rather than 

glucose itself (Hess et al., 2005). Inadequate supply of gluconeogenic precursors 

may impair utilization of acetate, the major VFA produced during ruminal 

fermentation (Hawkins et al., 2000), resulting in less energy available and 

increased production of metabolites that impair LH synthesis such as non-esterified 

fatty acids (Di Constanzo et al., 1999).  

Due to its role in glucose metabolism, insulin appears to be a logical link 

between nutritional status and reproduction. Insulin combined with glucose 

stimulated GnRH release from the hypothalamus, but no response was observed 

when only insulin was infused (Arias et al., 1992), suggesting that insulin does not 

act alone as a nutritional signal for reproduction. At the ovarian level, insulin can 

stimulate cell proliferation and steroidogenesis (Wettemann and Bossi, 2000), since 

metabolism of bovine granulosa cells are dependent on circulating insulin (Glister 

et al., 2001). Moreover, insulin is also involved in IGF-1 synthesis by the liver 

(Webb et al., 2004; Cooke et al., 2008), another hormone that mediates 

reproductive function in cattle.  

In many species, systemic IGF-1 concentrations increase prior to and during 

the puberty process (Lackey et al., 1999), suggesting that IGF-1 is involved in 
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puberty attainment. In prepubertal heifers, ovarian follicles are a target for IGF-1, 

given that both IGF-1 and IGFBPs are involved in the process of follicular growth 

and development (Webb et al., 1999). In the ovaries, IGF-1 functions in a 

paracrine/autocrine manner, but it also has an endocrine role. In heifers, changes in 

systemic concentrations of IGF-1 and IGFBPs affect follicular development and 

IGF-1 concentrations in the follicular fluid (Perks et al., 1999). As an example, 

IGF-1 increases proliferation and differentiation of ovarian granulosa cells, 

promotes synthesis of steroid hormones through stimulation of the aromatase 

enzymatic system, and increases the sensitivity of follicular cells to gonadotropins 

(Zulu et al., 2002). Besides its effects at the ovarian level, IGF-1 also stimulates 

GnRH secretion from the hypothalamus and stimulates gonadotropin secretion 

from the anterior pituitary (Zulu et al., 2002). 

Cooke et al. (2007) reported that heifers that achieved puberty and conceived 

earlier in their first breeding season had greater concentrations of IGF-1 compared 

with cohorts that did not become pubertal and/or conceived. Additionally, recent 

data from our research group (Cooke et al., 2013) demonstrated that beef heifers 

administered bovine somatotropin every 14 days from weaning until the beginning 

of their breeding season had greater concentration of IGF-1 and achieved puberty 

earlier when compared with saline-treated heifers. Moriel et al. (2014a) reported 

that age at puberty decreased by 0.59 days for each 1 ng/mL increase in plasma 

concentration of IGF-1 prior to weaning in beef heifers, suggesting early IGF-1 

involvement on development of the reproductive axis (Moriel et al., 2104a). 

Moreover, Schoppee et al. (1996) observed that when circulating concentrations of 
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IGF-1 were experimentally reduced at 3 months of age, follicular development at 6 

months of age was impaired and puberty was delayed.   

 

3. Adipose tissue  

Adipose tissue is a connective tissue of mesenchyme origin, highly 

vascularized and innervated, originating from parental cells similar to those that 

originate muscle cells, chondrocytes, or fibroblasts (Hausman al., 2009). Besides 

its role as an energy storage site, adipose tissue is also considered an endocrine 

organ and it is responsible for the secretion of adipokines that regulate whole body 

energy balance (Du et al., 2013). There are 4 major adipose tissues depots on the 

body (visceral, subcutaneous, intermuscular, and intramuscular) and they represent 

5 to 35% of cattle BW depending on age, genotype, and nutrition. Additionally, it 

is classified into two different types: white adipose tissue, the primary site of 

energy storage, and brown adipose tissue, specialized for energy expenditure and 

therefore important for thermogenesis (Bonnet et al., 2010). 

The process of adipogenesis is divided into two phases, determination and 

terminal differentiation. The first involves the commitment of the stem cell to the 

adipocyte lineage, resulting in the formation of the pre-adipocyte, which is a 

precursor cell without the potential to differentiate into other cell types. In the 

terminal differentiation phase, the pre-adipocyte takes on the characteristics of the 

mature adipocyte (Rosen and MacDougald, 2006). In the process of adipocyte 

formation, there are several transcriptional factors involved, but the peroxisome 

proliferator-activated receptor γ (PPAR γ) is considered the “master regulator” of 

adipogenesis. In fact, most of pro-adipogenic factors seem to function at least in 
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part by activating PPARγ expression or activity (Rosen and MacDougald, 2006), 

and PPARγ itself can stimulate adipocyte differentiation (Rosen et al., 2002). 

Activation of PPARγ results in terminal differentiation by up-regulating a wide 

range of genes involved in triglyceride (TG) uptake and storage (Rosen and 

MacDougald, 2006). 

The growth of adipose tissue occurs through hyperplasia (increase in number 

of cells) and hypertrophy (increase in cell size), with relative contributions of each 

process varying among tissue location and age (Bonnet et al., 2010). Adipocyte 

hyperplasia occurs throughout life, but primarily during fetal and early postnatal 

stages (Bonnet et al., 2010) and gradually decreases with the reducing population 

of progenitor cells as animals become older (Du et al., 2013). Hyperplasia may also 

occur during later stages after adipocytes reach a critical size (Schoonmaker et al., 

2004). In growing cattle, adipose tissue development occurs mainly by 

hypertrophy, and it is the result of the balance between TG synthesis and 

degradation that is controlled by multiple nutrients and hormones (Bonnet et al., 

2010). 

In ruminant’s adipocytes, de novo fatty acid synthesis converts acetate into 

long-chain saturated fatty acids, primarily palmitic acid. Fatty acid synthase 

(FASN) is one of the key enzymes regulating this process, and it has been shown 

that FASN is upregulated by high-energy diets (Duckett et al., 2009). Research 

with humans has demonstrated that FASN mRNA expression is upregulated with 

greater insulin concentration in cultured adipocytes (Claycombe et al., 1998), 

providing evidence that nutritional management can affect this enzyme through 

insulin effects. 
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Insulin is a potent stimulator of adipocyte maturation and lipid filling (Chen 

et al., 1998), and plasma leptin is positively correlated with circulating insulin 

(Lents et al., 2005). Houseknecht et al. (2000) found that amounts of leptin mRNA 

in bovine adipose tissue extracts were increased with insulin treatment. Adipose 

tissue growth is also associated with the somatotropic axis. In fact, IGF-1 

stimulated subcutaneous adipose tissue proliferation and differentiation (Oskbjerg 

et al., 2004).  

Early adipocyte differentiation suggests the existence of a window where 

nutritional management may enhance fat deposition (Wang et al., 2009). Frisch 

(1976) proposed that attainment of a critical percentage of body fat triggers puberty 

in rodents and women. Conversely, several studies have proposed that body 

composition has little direct physiological relationship to the onset of estrous cycle 

(Yelich et al., 1992; Hopper et al., 1993; Hall et al., 1995), but body fat is proposed 

as a marker for the relative availability of energy for reproductive activity (Hall et 

al., 1995). 

 

3.1. Leptin 

Leptin, a protein hormone synthesized and produced by adipose tissue, is 

regulated by an individual’s long-term nutritional history and current nutritional 

status (Chilliard et al. 2005). Quantity of body fat is positively correlated with 

concentration of leptin in pigs (Bidwell et al., 1997) and sheep (Blanche et al., 

2000). As a matter of fact, Meikle et al. (2004) demonstrated that plasma 

concentration of leptin in Holstein cows at parturition and early lactation was 

greater in cows with greater BCS, a critical measure of body fat in cattle. 
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Supporting this idea, adipose cell size is proposed as an important regulator of 

plasma leptin concentration (Barb et al., 2001), and the amount of leptin mRNA is 

correlated with the size of human (Wabitsch et al., 1996) and porcine (Chen et al., 

1998) adipocytes. Conversely, Lents et al. (2005) demonstrated that nutritional 

effects on leptin concentration could also occur independently of amount of body 

fat. 

Significant progress has been made in understanding how changes in 

nutrition are related to gonadotropin secretion, and part of this relationship appears 

to involve leptin (Maciel et al., 2004a). An increase in circulating concentration of 

leptin precedes the onset of puberty in several species including cattle (Perry, 

2012), but the exact role of leptin on puberty attainment remains unknown. 

Amstalden et al. (2000) demonstrated that circulating leptin is associated with 

serum insulin, IGF-1, and LH pulsatility in prepubertal heifers. In cows, studies 

have also demonstrated that leptin stimulates LH secretion in under-nourished 

animals (Amstalden et al., 2002; Zieba et al., 2003). Leptin regulates LH secretion 

in cattle (Amstalden et al., 2003) and could indirectly enhance follicular growth by 

inducing LH secretion from the pituitary (Carvalho, 2013). 

It has been postulated that leptin acts as a permissive signal to the onset of 

puberty (Wylie, 2010). Based on this hypothesis, insufficient nutrient availability 

followed by depressed plasma leptin may decrease the ability of other signals to 

trigger puberty (Cunningham et al., 1999). As an example, administration of 

recombinant ovine leptin (oLeptin) stimulated secretion of GnRH and LH in 

undernourished heifers, but did not impact puberty onset in well-nourished heifers 

(Maciel et al., 2004b; Zieba et al., 2004).  However, the inability of leptin to 
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stimulate an increase in circulating concentrations of LH in full-fed cattle is not 

completely understood. 

 

4. Metabolic Imprinting 

Embryonic, fetal, and neonatal periods are the stages of life when most 

developmental processes occur. There has been increased attention on how to 

manage females and their offspring in order to enhance lifetime productivity. 

Studies have shown strong evidence for the long-term effects of prenatal (Barker et 

al., 2002) and postnatal (Koletzko et al., 2009) nutrition on health, well-being, and 

performance until adulthood in humans. These reseraches show a large potential 

for the application of this knowledge on preventive approaches to improve health 

and productivity in beef cattle systems.  

In most species, organ development is not complete at birth and continues in 

the immediate postnatal period. Moreover, in early postnatal life, organisms have 

the ability to respond to environmental stimuli through adaptations at the cellular, 

molecular, and biochemical level (Patel and Srinivasan, 2002). Therefore, the term 

“metabolic imprinting” was created to encompass adaptive body responses to 

specific nutritional conditions that occur during a limited period of susceptibility 

during early postnatal life, and these responses may permanently change the 

physiology and metabolism of the organism (Lucas, 1991; Patel and Srinivasan, 

2011).  Furthermore, different rates of tissue growth, development, and 

differentiation indicate that multiple critical windows for developmental program 

exist.  
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4.1. Potential mechanisms 

Within the potential mechanisms for metabolic imprinting, alterations in cell 

number and epigenetics seem to be the most important. Developing organs can 

increase either by increasing the number of cells (hyperplasia) or cell size 

(hypertrophy), and different tissues have different windows of hyperplastic and 

hypertrophic growth. Cell growth rate is nutrient-dependent; therefore, nutritional 

deprivation or surplus during critical periods of cell division may lead to permanent 

changes in cell number, regardless of subsequent nutrition (Waterland and Garza, 

1999).  

Epigenetics is the term used to describe genetic modifications not explained 

by changes in DNA sequence (Riggs et al., 1996), which means that epigenetics 

involves gene silencing or activation that occurs independent of mutations in a 

gene’s DNA sequence. Although these alterations can be quite stable, epigenetic 

marks are also reversible (Szyf, 2009). Moreover, recent evidence suggests that 

these epigenetic changes are heritable and, therefore, can be transmitted to 

subsequent generations, a term called “epigenetic memory” (Migicovsky and 

Kovalchuk, 2011). Epigenetic mechanisms, mainly DNA methylation and histone 

modification, have been implicated as the main processes involved in postnatal 

developmental programming (Caton and Hess, 2010). Changes in gene expression 

resulting from epigenetics can cause postnatal alterations that affect the long-term 

health and performance of the offspring, including their efficiency of feed 

utilization (Wu et al., 2006). 

Methylation is the addition of a methyl group by DNA methyltransferase at 

cytosine-purine-guanine (CpG) islands that are often associated with the promoter 
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region of the genes (Simmons, 2011). Methylation of DNA is highly correlated 

with gene expression in a manner that hypermethylation results in a highly 

condensed heterochromatin that is transcriptionally silent, and the opposite, 

hypomethylation, results in transcriptionally active euchromatin (Simmons, 2011).  

Histone modification involves acetylation and methylation of the tails of 

specific histones proteins (Szyf, 2009; Bonasion et al., 2010). Histone acetylation 

involves the transfer of an acetyl group from a molecule of acetyl-CoA to an amino 

acid residue located on the tail of histones. This process makes it easier for RNA 

polymerase and transcription factors to access the promoter region, thus increasing 

the level of gene expression. The opposite process, deacetylation, leads to gene 

silencing (Waterland and Garza, 1999).  

 

4.2. Evidence of metabolic imprinting in cattle 

Early weaning is a practice often applied during periods of expensive or 

limited forage availability. It has been shown to improve reproductive performance 

of cows and growth efficiency of cows and calves (Arthington and Minton, 2004). 

Also, it has been used as a model to study metabolic imprinting in different studies.  

According to McCann and co-workers (2011), feeding a high-energy 

supplement to early-weaned beef calves from 100 to 205 days of age enhanced 

carcass marbling compared with calves weaned at 205 days of age. Steers fed a 

high-concentrate diet for 148 days after early weaning produced heavier carcasses 

with greater marbling scores compared to unsupplemented normal-weaned cohorts 

(Scheffler et al. 2014).  Moriel (2014b) demonstrated that feeding a high-
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concentrate diet to steers immediately after early-weaning enhanced muscle 

expression of growth-related and adipogenic genes, which contributed to enhanced 

growth performance of these steers, even though no differences in carcass 

characteristics were observed at slaughter. It is important to note, however, that all 

of these studies compared supplemented early-weaned calves to unsupplemented 

normally weaned calves, so conclusions should be made carefully, since separating 

weaning from nutritional effects cannot be determined (Scheffler et al, 2014). 

Metabolic imprinting has also been proposed as a tool to improve 

reproductive efficiency in beef heifers. The effects of nutrition during the early 

maturation period on puberty attainment were evaluated by Gasser et al. 

(2006a,b,c,d). A model consisting of early weaning (i.e., 2 to 4 months of age) and 

feeding a high-concentrate diet was used for these experiments. Their results 

showed that early-weaned heifers receiving a high-concentrate diet had greater 

body weight gain. Moreover, the majority of heifers exhibited precocious puberty 

(puberty at 10 months of age or earlier) and, therefore, mean age at puberty was 

reduced, in conjunction with reduced body weight. Additionally, early-weaned 

heifers who were fed a high-concentrate diet had greater frequency of LH pulses, 

increased diameter of dominant ovarian follicle, and increased duration of follicular 

waves. 

Moriel et al. (2014a) evaluated different post-weaning nutritional 

management systems on growth and reproductive performance of beef heifers. 

Their results showed that feeding a high-concentrate diet for at least 90 days was 

an effective early-weaning calf management system. Moreover, the study provided 

evidence that the metabolic imprinting process, likely via IGF-1, enhanced puberty 
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achievement of beef heifers. Once again, it is important to note that we cannot 

separate the supplementation and weaning effects in these studies. Besides that, 

early weaning may not be a feasible management alternative for many commercial 

cow-calf systems in the Western US. 

 

5. Nutritional strategies to hasten puberty attainment of beef heifers 

Beef cattle production is the second largest commodity in the state of Oregon 

and strategies that can improve profitability of the beef cattle industry are 

warranted. Development of replacement heifers is a major component of cow-calf 

operations and strategies that hasten development and puberty attainment of beef 

heifers can increase the economic return of these beef cattle management systems. 

Adequate growth and body composition are necessary for puberty attainment 

in beef heifers. Pre-weaning growth rate has a great influence on age at puberty and 

it is highly influenced by quantity and quality of nutrients offered during this 

period. Furthermore, energy is the primary nutrient required to accelerate growth 

and improve reproductive performance of beef females, and therefore the 

manipulation of the energy metabolism axis (glucose, insulin, and IGF-1) may 

have a great impact on puberty attainment of beef heifers. 

Metabolic imprinting effects are associated with a window where early 

nutritional interventions may result in long-term consequences on animal 

metabolism. Thus, management strategies to stimulate metabolic imprinting may 

accelerate growth rates and hasten puberty attainment in beef heifers by enhancing 

nutrient utilization and lipogenesis, although this hypothesis needs further 

investigation. Most of the studies that investigated effects of metabolic imprinting 
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have used early-weaned calves, which prevented proper separation of weaning and 

supplementation effects on subsequent performance. One alternative to isolate 

metabolic imprinting effects from early weaning is to provide supplements to 

nursing cattle via creep-feeding. Therefore, the following experiment described 

herein was conducted to compare growth, reproductive, and physiological 

responses of nursing beef heifers, with or without access to a creep-feeder, as a 

manner to stimulate metabolic imprinting. 
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CHAPTER III 

CREEP-FEEDING TO STIMULATE METABOLIC 

IMPRINTING IN NURSING BEEF HEIFERS: IMPACTS ON 

HEIFER GROWTH, REPRODUCTIVE, AND 

PHYSIOLOGICAL PARAMETERS 

 

1. Abstract 

 This experiment compared growth, physiological, and reproductive 

responses of beef heifers with (MI) or without (CON) access to a creep-feeder, as a 

manner to stimulate metabolic imprinting while nursing their dams. On d 0 of the 

experiment, 60 Angus × Hereford heifers were ranked by initial BW and age (140 

± 3 kg and 68 ± 3 d, respectively) as well as dam age and BCS, and assigned to 

pairs so all ranking criteria were similar between heifers within each pair. On d 1, 

pairs were randomly assigned to MI (n = 15) or CON (n = 15). From d 1 to 51, MI 

pairs and their dams were allocated to 15 drylot pens where heifers had ad libitum 

access to a corn-based supplement through a creep-feeder. The CON pairs and their 

dams were maintained in an adjacent single drylot pen. From d 52 to 111, cattle 

from both treatments were managed as a single group on a semiarid range pasture. 

On d 111, heifers were weaned and allocated to 2 pastures according to treatment, 

receiving hay and a corn-based concentrate until d 326. Full BW was recorded 

prior to (d -1 and 0) and at the end of the creep-feeding period (d 50 and 51), 

whereas shrunk BW was collected on d 112 and 326. On d 0, 51, 111, 187, 261, 

and 325, blood was collected and real-time ultrasonography for LM depth and 

backfat thickness assessment was performed. Blood was also collected every 10 d 
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from d 113 to 323 for puberty evaluation via plasma progesterone concentration. 

Liver and subcutaneous fat biopsies were performed on d 51, 111, 261, and 325. 

Average daily gain was greater (P < 0.01) for MI than CON from d 1 to 51, tended 

(P = 0.09) to be greater for CON than MI from d 112 to 326, whereas BW on d 326 

was similar (P = 0.87) between treatments. On d 51, MI had greater (P ≤ 0.01) 

plasma IGF-I and glucose concentrations, as well as mRNA expression of hepatic 

pyruvate carboxylase and adipose fatty acid synthase than CON. On d 261 and 

325, plasma insulin concentrations were greater (P ≤ 0.03) in CON than MI. Mean 

mRNA expression of hepatic IGF-I and adipose peroxisome proliferator-activated 

receptor gamma were greater (P ≤ 0.05) in MI than CON. Heifers assigned to MI 

attained puberty earlier (P = 0.04) during the experiment than CON, although age 

and BW at puberty were similar (P ≤ 0.74) between treatments. In conclusion, 

supplementing nursing heifers via creep-feeding for 50 d altered physiological and 

biochemical parameters suggestive of a metabolic imprinting effect, but did not 

impact heifer age or BW at puberty. 

 

Key words: beef heifers, body development, creep-feeding, metabolic 

imprinting, physiology, puberty  
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2. Material and methods 

This experiment was conducted at the Oregon State University – Eastern 

Oregon Agricultural Research Center, Burns, OR, from May 2013 to April 2014, 

and was divided into three phases: imprinting phase (d 1 to d 51), pre-weaning 

phase (d 52 and d 111), and development phase (d 112 to d 326). All animals 

utilized in this experiment were cared for in accordance with acceptable practices 

and experimental protocols reviewed and approved by the Oregon State University, 

Institutional Animal Care and Use Committee (ACUP # 4446).  

Animals 

Sixty nulliparous, nursing Angus × Hereford heifers (initial age = 68 ± 3 d; 

initial BW = 140 ± 3 kg) were assigned to the experiment. On d 0, heifers were 

ranked by BW and age, and dam age and BCS (Wagner et al., 1988). Heifers were 

assigned to pairs in a manner that all ranking criteria were similar between heifers 

within each pair (CV ≤ 10%). Pairs were randomly assigned to: 1) ad libitum 

access to a corn-based supplement through a creep-feeder for 50 d (MI; n = 15); or 

2) no supplementation (CON; n = 15). The supplementation period and length (d 1 

to 51; imprinting phase) was selected to initiate metabolic imprinting events prior 

to the allometric period of mammary growth, when excessive ADG is known to 

impair heifer mammary gland development and future milk yield (Buskirk et al., 

1996; Brown et al., 2005).  

Diets 

During the imprinting phase, MI heifer pairs and their respective dams were 

allocated to 15 drylot pens (2 cows and heifers/pen; 7 × 15 m). Each drylot pen had 
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a creep-feeder (2.0 × 2.5 m) that allowed both heifers to have simultaneous access 

to a pelletized corn-based supplement (Table 1), which was offered daily (0700 h) 

in amounts to ensure ad libitum consumption. Heifers were allocated by pairs with 

similar BW within each pen to ensure fair competition to creep-feeder access. Pairs 

from the CON group and their respective dams were maintained in an adjacent 

single drylot pen (50 × 100 m) with no access to the corn-based supplement. Cows 

from both treatments received and readily consumed 8.1 kg of DM/cow daily of 

meadow-grass hay and 5.4 kg of DM/cow daily of mixed alfalfa-grass hay during 

the imprinting phase. Hay consumption by calves from both treatments was 

negligible (Ansotegui et al., 1991). 

During the pre-weaning phase, cows and heifers from both treatments were 

managed as a single group on a 6,500 ha semiarid range pasture with no 

supplementation (Ganskopp and Bohnert, 2009). On d 111, heifers were weaned 

and treatment groups were maintained separately in 1 of 2 meadow foxtail 

(Alopecurus pratensis L.) pastures (6 ha/pasture) harvested for hay the previous 

summer, where they remained throughout the development phase. Treatment 

groups were rotated between pastures every 10 d to account for any potential 

effects of pasture on the variables evaluated herein. During the development phase, 

heifers received 5.0 kg/heifer of mixed alfalfa-grass hay daily (DM basis). Heifers 

also received a corn-based supplement at a daily rate of (DM basis) 1.6 kg/heifer 

from d 112 to 185, 2.5 kg/heifer from d 186 to 276, and 3.4 kg/heifer from d 277 to 

325 (Table 1). During the development phase, pastures had no forage available for 

grazing, whereas both treatment groups always received and readily consumed the 

same daily amount of hay and corn-based supplement. 
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Throughout the experiment, water and a commercial mineral and vitamin mix 

(Cattleman’s Choice; Performix Nutrition Systems, Nampa, ID) containing 14 % 

Ca, 10 % P, 16 % NaCl, 1.5 % Mg, 6000 ppm Zn, 3200 ppm Cu, 65 ppm I, 900 

ppm Mn, 140 ppm Se, 136 IU/g of vitamin A, 13 IU/g of vitamin D3, and 0.05 IU/g 

of vitamin E, were offered for ad libitum consumption for cows and heifers.  

Sampling  

Hay and supplement samples were collected at the beginning of the 

experiment, and analyzed for nutrient content by a commercial laboratory (Dairy 

One Forage Laboratory, Ithaca, NY). Samples were analyzed in triplicates by wet 

chemistry procedures for ether-extractable fat content  (Thiex et al., 2003), CP 

(method 984.13; AOAC 2006), ADF (method 973.18 modified for use in an 

Ankom 200 fiber analyzer, Ankom Technology Corp., Fairport, NY; AOAC 2006), 

NDF (Van Soest et al., 1991; method for use in an Ankom 200 fiber analyzer, 

Ankom Technology Corp.) and starch (YSI 2700 SELECT Biochemistry Analyzer; 

YSI Inc., Yellow Springs, OH). Calculations for TDN used the equations proposed 

by Weiss et al. (1992), whereas NEl, NEm and NEg were calculated with the 

equations proposed by the NRC (2000). Nutritive value (DM basis) of the 

meadow-grass and mixed alfalfa-grass hay, respectively, were 56 and 63 % TDN, 

65 and 34 % NDF, 41 and 24 % ADF, 1.04 and 1.50 Mcal/kg of NEl, 1.08 and 1.41 

Mcal/kg of NEm, 0.53 and 0.83 Mcal/kg of NEg, and 8.2 and 20.0 % CP; DM 

basis). Composition and nutritive value of supplements offered during the 

experiment are described in Table 1. 

During the imprinting phase, supplement intake was evaluated daily from 

each pen by collecting and weighing refusals. Samples of the offered and non-
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consumed supplement were collected from each pen and dried for 96 h at 50°C in 

forced-air ovens for DM calculation. Supplement intake of each pen was divided 

by the number of heifers within each pen, and expressed as kg per heifer/d. 

For ADG calculation, heifers were weighed on 2 consecutive d to determine 

BW prior to (d -1 and 0) and at the end of the imprinting phase (d 50 and 51). 

Individual shrunk BW (after 16 h of feed and water restriction) was recorded on d 

112 and 326. Cow BW and BCS were also recorded on d 0 of the experiment. 

On d 0, 51, 111, 187, 261, and 325, heifers were evaluated for LM depth and 

backfat thickness via real-time ultrasonography. Ultrasound measurements were 

obtained at the 12th to 13th-rib interface by an experienced technician using an 

Aloka 500V (Aloka Co., Ltd, Wallingford, CT) B-mode instrument equipped with 

a 3.5-MHz, 125 mm general purpose transducer array (UST-5011U-3.5). Images 

were collected by a single technician with software from the Cattle Performance 

Enhancement Company (CPEC, Oakley, KS). Estimates of LM depth and backfat 

thickness were based on image analysis programming (Brethour, 1994) contained 

within the CPEC software. 

Concurrent with each ultrasound exam, blood samples were collected for 

determination of plasma glucose, insulin, IGF-1, and leptin concentrations. In 

addition, blood samples were collected on 10-d intervals during the development 

phase to determine onset of puberty according to plasma progesterone 

concentration. Heifers were considered pubertal once plasma progesterone 

concentration was ≥ 1.0 ng/mL for 2 consecutive samplings (Perry et al., 1991), 

and puberty attainment was declared at the second week of increased progesterone. 
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Body weight at puberty were determined according to the week of puberty 

attainment, heifer shrunk BW recorded on d 112, and heifer ADG during the 

development phase. 

On d 51, 111, 261, and 325, liver and subcutaneous fat samples were 

collected via biopsy immediately after each blood sampling. On d 51, one heifer 

within each pen was assigned randomly to liver biopsy, and the remaining heifer 

assigned to subcutaneous fat biopsy. On the subsequent sampling days (d 111, 261, 

and 325), heifer biopsy assignment was alternated in a manner that 2 liver and 2 

subcutaneous fat samples were collected from all heifers assigned to the 

experiment. Liver samples (average 100 mg of tissue, wet weight) were collected 

between the 11th and 12th ribs by percutaneous needle biopsy (Arthington and 

Corah, 1995), and analyzed via real-time quantitative reverse transcription (RT)-

PCR for IGF-I, pyruvate carboxylase (PC), and cyclophilin mRNA expression. 

Subcutaneous fat samples (average 2 g of tissue, wet weight) were collected from 

the tailhead according to the technique described by Rule and Beitz (1986), and 

analyzed for adipocyte morphometry and mRNA expression of leptin, fatty acid 

synthase (FASN), peroxisome proliferator-activated receptor gamma (PPARγ), 

and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) via real-time 

quantitative RT-PCR.  

Laboratory analysis 

Blood samples. Blood samples were collected via jugular venipuncture into 

commercial blood collection tubes (Vacutainer, 10 mL; Becton Dickinson, 

Franklin Lakes, NJ) containing 158 USP units of freeze-dried sodium heparin for 
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plasma collection. All blood samples were placed immediately on ice, subsequently 

centrifuged (2,500 × g for 30 min; 4°C) for plasma harvest, and stored at -80°C on 

the same day of collection. Plasma insulin and progesterone concentrations were 

analyzed using a chemiluminescent enzyme immunoassay (Immulite 1000; 

Siemens Medical Solutions Diagnostics, Los Angeles, CA). Plasma glucose 

concentration was determined using a quantitative colorimetric kit (#G7521; Pointe 

Scientific, Inc., Canton, MI). Plasma IGF-I concentration was determined using a 

human-specific commercial ELISA kit (SG100; R&D Systems, Inc., Minneapolis, 

MN) with 100 % cross-reactivity with bovine IGF-I (Cooke et al., 2012). Plasma 

leptin concentration was determined by radioimmunoassay according to procedures 

described by Delavaud et al. (2000). The intra- and inter-assay CV were, 

respectively, 4.64 and 6.18 % for glucose, 1.20 and 4.70 % for insulin, 4.09 and 

10.94 % for IGF-I, and 6.03 and 6.15 % for progesterone. All samples were 

analyzed for leptin concentration within a single assay, and the intra-assay CV was 

7.11 %. The minimum detectable concentrations were 0.02 µIU/mL for insulin, and 

0.056, 0.10, and 0.10 ng/mL for IGF-I, leptin, and progesterone, respectively. 

Tissue samples. Immediately after collection, all liver samples and 

approximately 1 g of each fat sample were placed in RNA stabilization solution 

(RNAlater, Ambion Inc., Austin, TX), maintained at 4°C for 24 h, and stored at -

80°C until processing for real-time quantitative RT-PCR. Total RNA was extracted 

from hepatic samples using the TRIzol Plus RNA Purification Kit (Invitrogen, 

Carlsbad, CA), and from subcutaneous fat samples using the RNeasy Lipid Tissue 

Mini Kit (Qiagen Inc., Valencia, CA). Quantity and quality of isolated RNA were 

assessed via UV absorbance (UV Mini 1240; Shimadzu Scientific Instruments, 
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Inc., Columbia, MD) at 260 nm and 260/280 nm ratio, respectively (Fleige and 

Pfaffl, 2006). Extracted hepatic (2.5 µg) and adipose (1.0 µg) RNA were incubated 

at 37°C for 30 min in the presence of RNase-free DNase (New England Biolabs 

Inc., Ipswich, MA) to remove contaminant genomic DNA. After inactivating the 

DNase (75°C for 15 min), samples were reverse transcribed using the High 

Capacity cDNA Reverse Transcription Kit with random hexamers (Applied 

Biosystems, Foster City, CA). Real-time RT-PCR was completed using the SYBR 

Green PCR Master Mix (Applied Biosystems) and gene-specific primers (20 pM 

each; Table 2) with the StepOne Real-time PCR system (Applied Biosystems), 

according to procedures described by Cooke et al. (2008). At the end of each RT-

PCR, amplified products were subjected to a dissociation gradient (95°C for 15 s, 

60°C for 30 s, and 95°C for 15 s) to verify the amplification of a single product by 

denaturation at the anticipated temperature. Responses were quantified based on 

the threshold cycle (CT), the number of PCR cycles required for target 

amplification to reach a predetermined threshold. The CT responses from hepatic 

and adipose target genes were normalized to cyclophilin and GAPDH CT, 

respectively. Results are expressed as relative fold change (2−ΔΔCT), as described by 

Ocón-Grove et al. (2008). 

The remaining 1 g of each fat sample was placed on ice immediately after 

collection, and stored at -80°C until processing for adipocyte morphometry 

evaluation. Adipose samples were embedded in NEG50 cutting media (Richard-

Allan Scientific, Kalamazoo, MI) and cryosections (10 µm) were collected onto 

Superfrost Plus glass slides (Thermo Fisher Scientific, Waltham, MA). Slides were 

stained sequentially with eosin Y (Richard-Allan Scientific) and 4,4-difluoro-4-
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bora-3a,4a-diaza-s-indacene (BODIPY, Life Technologies, Grand Island, NY) for 

the detection of extracellular structures and lipid, respectively. Images were 

captured at 200-fold magnification with a Nikon Eclipse Ti-E inverted microscope 

(Nikon, Melville, NY) equipped with epifluorescence using a CoolSnap CCD 

camera (Photometrics, Tucson, AZ). Adipocyte size was measured with NIS 

Elements (Nikon). Four cryosections from each sample were used for all analysis.  

Statistical analysis 

Growth, body composition, and physiological data were analyzed using the 

MIXED procedure of SAS (SAS Inst., Inc., Cary, NC) and Satterthwaite 

approximation to determine the denominator degrees of freedom for the tests of 

fixed effects. The model statement used for cow BW, BCS, days in milk, and age 

on d 0 of the experiment, as well as heifer ADG, age at puberty, and BW at puberty 

contained the fixed effect of treatment. The model statement used for analysis of 

blood variables, gene expression, subcutaneous adipocyte morphometry, and body 

composition contained the fixed effects of treatment, day, and the resultant 

interaction. Body composition and blood variables were adjusted covariately to 

values obtained on d 0. Data were analyzed using pair(treatment) and heifer(pair) 

as random variables. The specified term used in the repeated statement was day, the 

subject was heifer(pair), and the covariance structure used was autoregressive, 

which provided the best fit for these analyses according to the Akaike information 

criterion. Results are reported as least square means, or covariately adjusted means 

for body composition and blood variables, and separated using LSD. Puberty 

attainment was analyzed using survival analysis (LIFETEST procedure of SAS; 

SAS Inst., Inc.) by regressing the proportion of pubertal heifers on day of the 

https://www.google.com/search?rls=com.microsoft:en-US&q=subcutaneous&spell=1&sa=X&ei=bpJBVKqdIoneoATiuoG4Cg&ved=0CBwQvwUoAA
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experiment. Differences between treatment survival curves were determined by the 

Wilcoxon test. For all analyses, significance was set at P ≤ 0.05, and tendencies 

were determined if P > 0.05 and P ≤ 0.10. Results are reported according to main 

effects if no interactions were significant, or according to highest-order interaction 

detected. 

 

3. Results and discussion 

Heifer growth and body composition 

Cow milk yield parameters were not evaluated in the present experiment to 

estimate milk consumption and its contribution to heifer daily nutrient intake 

during the imprinting phase. Nevertheless, cows nursing CON and MI heifers were 

Angus × Hereford receiving the same limited-fed diet, and had similar (P ≥ 0.72) 

age (4.6 and 4.9 yr, respectively; SEM = 0.6), days in milk (67.9 and 69.0 d, 

respectively; SEM = 6.4), BW (499 and 505 kg, respectively; SEM = 13), and BCS 

(4.94 and 4.95, respectively; SEM = 0.05) at the beginning of the experiment to 

mitigate potential differences in heifer milk intake, given these parameters are 

known to impact milk production in cattle (NRC, 2000). 

During the imprinting phase, average daily intake of corn-based supplement 

by MI heifers was 1,025 ± 128 g/heifer, which corresponded to 0.83 ± 0.09 % of 

heifer BW based on the average BW during the imprinting phase (Table 3). The MI 

heifers had greater (P < 0.01) ADG during the imprinting phase, which resulted in 

a tendency (P = 0.10) for a greater BW on d 51 compared with CON cohorts 

(Table 3). During the pre-weaning phase, ADG was similar (P = 0.80) between 
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treatments, whereas BW on d 112 still tended (P = 0.10) to be greater for MI 

compared with CON heifers (Table 3). During the development phase, CON 

tended (P = 0.09) to have greater ADG compared with MI heifers, resulting in 

similar (P = 0.87) BW among treatments on d 326 (Table 3), even though both 

treatment groups received the same limit-fed diet. Given that MI heifers were 

heavier and had greater nutritional requirements (NRC, 2000) compared with CON 

heifers at the beginning of the development phase (d 112; Table 3), CON heifers 

likely had more dietary nutrients available for growth, resulting in differences 

detected for ADG between treatments during this phase. Moriel et al. (2014b) 

observed similar results when comparing early-weaned heifers receiving or not a 

high-concentrate diet for 180 d after weaning, and subsequently maintained on 

pasture for 7 months. The reason why a similar outcome was not detected on pre-

weaning ADG herein (Table 3) is unclear; perhaps MI heifers were capable of 

consuming more forage when maintained under range conditions compared with 

CON cohorts (Ansotegui et al., 1991). 

Despite treatment effects detected for ADG and BW at the end of the 

imprinting phase, MI and CON heifers had similar mean backfat thickness (P = 

0.73) and LM depth (P = 0.32; Table 4). Accordingly, no treatment effects were 

detected for mean subcutaneous adipocyte cell area (P = 0.48) or density (P = 0.68; 

Table 4), given that backfat thickness is determined by subcutaneous adipocyte 

morphometry (Schoonmaker et al., 2004). Supporting our findings, Scheffler et al. 

(2014) reported increased marbling, but similar backfat thickness and LM area, 

upon slaughter in early-weaned steers fed a high-concentrate diet from 100 to 205 d 

of age compared with forage-fed steers weaned at 205 d of age. Moriel et al. 
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(2014b) also failed to demonstrate metabolic imprinting responses on backfat 

thickness and LM area, estimated via real-time ultrasonography, in replacement 

beef heifers. Collectively, results from this experiment indicate that providing ad 

libitum creep-feeder access to nursing heifers, as a manner to promote metabolic 

imprinting, did not impact post-weaning growth and body composition parameters, 

including LM development and subcutaneous fat deposition via hyperplasia 

(adipocyte density) or hypertrophy (adipocyte area).  

Physiological variables 

Treatment × day interactions were detected for plasma glucose (P = 0.01), 

insulin (P = 0.05), and IGF-I (P < 0.01). Heifers receiving MI had greater (P < 

0.01) plasma concentrations of glucose and IGF-I on d 51 compared with CON 

heifers (Table 5). This outcome can be attributed to supplement intake of MI 

heifers during imprinting phase, given that plasma concentrations of glucose and 

IGF-I are positively associated with nutrient intake and reflect nutritional status in 

beef cattle (Vizcarra et al., 1998; Hersom et al., 2004; Hess et al., 2005). 

Conversely, plasma insulin concentration was similar (P = 0.97) among treatments 

on d 51, but greater for CON heifers on d 261 and 325 (P ≤ 0.03) compared with 

MI heifers (Table 5). The lack of treatment effects on plasma insulin on d 51 was 

unexpected because circulating insulin is also positively regulated by nutrient 

intake and glucose concentrations (Vizcarra et al., 1998; Nussey and Whitehead, 

2001). On the other hand, the greater plasma insulin concentration in CON heifers 

on d 261 and 325 support treatment trends (P = 0.09) detected on ADG during the 

development phase (Table 3), corroborating that CON heifers had more dietary 

nutrients available for growth during this period (Yelich et al., 1995; Wettemann 
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and Bossis, 2000; Hess et al., 2005). No treatment effects were detected (P = 0.39) 

on plasma leptin concentrations (Table 5), although circulating leptin concentration 

is regulated by nutrient intake and insulin (Houseknecht et al., 1998). However, 

adipose tissues are the main site of leptin synthesis in ruminants, whereas body fat 

content directly regulates circulating leptin concentration (Houseknecht et al., 

1998). Hence, the lack of treatment effects on backfat thickness and subcutaneous 

adipocyte morphometry (Table 4) supports, at least in part, the similar leptin 

concentrations between MI and CON heifers throughout the experiment (Table 5). 

No treatment effects were detected (P = 0.78) for mRNA expression of 

subcutaneous adipocyte leptin (Table 6), which parallels the lack of treatment 

effect for plasma leptin concentrations (Table 5). Treatment × day interactions 

were detected for mRNA expression of hepatic PC (P < 0.01) and subcutaneous 

adipocyte FASN (P = 0.08). Heifers receiving MI had greater (P < 0.01) mRNA 

expression of PC on d 51 compared with CON heifers (Table 6), which 

corroborates with treatment effects on growth and plasma glucose on d 51 because 

PC mRNA expression is positively associated with nutrient intake (Cooke et al., 

2008) and glucose synthesis in cattle (Greenfield et al., 2000; Bradford and Allen, 

2005). Heifers receiving MI had greater (P = 0.01) mRNA expression of FASN on 

d 51 compared with CON heifers (Table 6); an enzyme that modulates de novo 

lipogenesis and is up-regulated by rate of nutrient intake (Duckett et al., 2009; 

Graugnard et al., 2009). Moreover, MI heifers had greater mean mRNA expression 

of subcutaneous adipocyte PPARγ (P = 0.05), which regulates adipocyte 

development via triglyceride uptake (Rosen and MacDougald, 2006), and hepatic 

IGF-I (P < 0.01) compared with CON heifers (Table 6). Hence, MI heifers had 
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increased adipocyte mRNA expression of FASN on d 51 and a long-term increase 

in mRNA expression of PPARγ during the experimental period, despite the lack of 

treatment effects on backfat thickness and subcutaneous adipocyte size and density 

(Table 4). Similarly, MI heifers had a long-term increase in mRNA expression of 

hepatic IGF-I, whereas plasma IGF-I concentrations only differed between 

treatments on d 51 (Table 5). Nevertheless, mRNA expression can be increased 

without equivalent translation into the final product (Clancy and Brown, 2008). 

Moriel et al. (2014a,b) reported that high-concentrate diets increased hepatic 

mRNA expression of hepatic IGF-I or muscle PPARγ without concurrent changes 

in plasma IGF-I concentration, carcass marbling, or backfat thickness in early-

weaned cattle. Graugnard et al. (2010) also reported altered PPARγ and FASN 

expression in the longissimus lumborum, but similar carcass marbling score, in 

beef steers receiving high- or low-starch diets for 112 d after weaning at 5 mo of 

age. Therefore, MI heifers had transient and permanent increases in mRNA 

expression of genes associated with nutrient metabolism and lipogenesis compared 

with CON heifers, suggesting metabolic imprinting effects due to creep-feeding. 

However these outcomes were not translated into enhanced growth or 

subcutaneous fat accretion during the experiment. 

Puberty attainment 

Heifers receiving MI attained puberty earlier (P = 0.04) during the 

experiment compared with CON heifers (Figure 1). However, no treatment effects 

were detected for heifer age (P = 0.74) and BW (P = 0.80) at puberty (Table 4), 

suggesting that treatment effects detected for puberty attainment (Figure 1) should 

be mainly attributed to the greater BW of MI heifers at weaning (Wiltbank et al., 
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1966; Arije and Wiltbank, 1971; Buskirk et al., 1995; d 112 on Table 3). The main 

hypothesis of the experiment was that providing a high-concentrate supplement to 

nursing heifers via creep-feeding would promote metabolic imprinting events, 

independent of early-weaning (Scheffler et al., 2014), that hasten puberty 

attainment compared with non-supplemented heifers. This hypothesis was 

developed based on 2 premises: 1) puberty in cattle is highly influenced by 

nutritional status and body development (Schillo et al., 1992), including growth 

rate, body fat accretion, and circulating concentrations of hormones associated with 

nutrient metabolism and lipogenesis such as IGF-I and leptin (Williams et al., 

2002; Cooke et al., 2008), and 2) management systems that stimulate metabolic 

imprinting enhance nutrient metabolism and body fat accretion in cattle (Graugnard 

et al., 2010; Moriel et al., 2014a; Scheffler et al., 2014). Supporting our rationale, 

Moriel et al. (2014b) reported reduced age and BW at puberty in heifers weaned at 

72 d of age and fed a high-concentrate diet for 90 d compared with forage-fed 

cohorts weaned at 252 d of age. Gasser et al. (2006) observed that beef heifers 

weaned at 112 d of age and fed a corn-based diet for 10 wk reached puberty sooner 

than forage-fed contemporaries. However, the similar age and BW at puberty 

between MI and CON heifers in the present experiment do not support our 

hypothesis, but corroborate the lack of treatment effects on subcutaneous fat 

accretion and plasma concentrations of IGF-I and leptin during the peripubertal 

period (Schillo et al., 1992; Williams et al., 2002; Cooke et al., 2008). 

Overall conclusions 

This experiment found no evidence that providing a high-concentrate 

supplement to nursing heifers via creep-feeding benefits post-weaning growth, 
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subcutaneous fat accretion, plasma hormones that regulate puberty attainment such 

as IGF-I and leptin, as well as heifer age and BW at puberty. Perhaps the length 

and rate of supplementation utilized herein were insufficient to impact the 

aforementioned parameters, despite the long-term increase in hepatic IGF-I and 

adipose PPARγ mRNA expression that suggests a metabolic imprinting effect 

(Lucas, 1991; Du et al., 2010). Heifers utilized by Gasser et al. (2006) and Moriel 

et al. (2014b) consumed a corn-based diet for, respectively, 10 wk at 2.5 to 3.0% of 

heifer BW or 90 d at 3.5% of heifer BW. In the present experiment, MI heifers 

consumed a free-choice corn-based supplement for 50 d at 0.83% of heifer BW. 

This supplementation length was selected to prevent detrimental effects on heifer 

mammary gland development, which were not assessed by Gasser et al. (2006) and 

Moriel et al. (2014b), and rate of supplement intake was limited because milk was 

still the major component of heifer diets (Ansotegui et al., 1991). Therefore, a 

longer period of creep-feeding for nursing beef heifers may be required to further 

increase their concentrate intake, and effectively enhance body and reproductive 

development via metabolic imprinting effects. 
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Table 1. Composition and nutrient profile of supplements offered during the 

experiment.1 

 

Imprinting 

Phase 

 

Development Phase 

  

 Period 

1 

Period 

2 

Period 

3 

Ingredients, % DM 

 

 

     Ground corn 70  56 72 80 

  Soybean meal 15  44 28 20 

  Dehydrated alfalfa 10  -- -- -- 

  Sugarcane molasses 5  -- -- -- 

  

 

   Nutrient profile1, DM 

basis 

 

 

     TDN,2 % 80  86 87 88 

  NEm,3 Mcal/kg 1.93  2.11 2.09 2.08 

  NEg,
3 Mcal/kg 1.30  1.56 1.53 1.52 

  CP, % 17.5  28.6 21.4 17.9 

  NDF, % 15.4  7.6 6.7 6.2 

  Starch, % 44.0  39.2 50.4 56.0 

  Ether extract, % 3.1  3.6 4.1 4.4 

      

1 Imprinting phase = d 1 to 51; development phase, period 1 = d 112 to 185; 

development phase, period 2 = d 186 to 276; development phase, period 3 = d 277 

to 325. Values obtained from a commercial laboratory wet chemistry analysis 

(Dairy One Forage Laboratory, Ithaca, NY). 

2 Calculated according to the equations described by Weiss et al. (1992). 

3 Calculated with the following equations (NRC, 2000): NEm = 1.37 ME – 0.138 

ME2 + 0.0105 ME3 – 1.12; NEg = 1.42 ME – 0.174 ME2 + 0.0122 ME3 – 0.165, 

given that ME = DE × 0.82, and 1 kg of TDN = 4.4 Mcal of DE. 
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Table 2. Primer sequences, accession number, and reference for all gene transcripts 

analyzed by real-time reverse trancriptase-PCR. 

Target 

gene 
Primer sequence Accession no Source 

Cyclophilin  

NM_178320.2 

Cooke et 

al.  

(2008) 

   Forward GGTACTGGTGGCAAGTCCAT 

   Reverse GCCATCCAACCACTCAGTCT 

Fatty acid synthase 

NM_001012669

.1 

Welch et 

al.  

(2013) 

   Forward GCATCGCTGGCTACTCCTAC 

   Reverse GTGTAGGCCATCACGAAGGT 

Glyceraldehyde-3-phosphate dehydrogenase 

NM_001034034 
Cerri et al.  

(2012) 
   Forward ACCCAGAAGACTGTGGATGG 

   Reverse CAACAGACACGTTGGGAGTG 

IGF-I  

NM_001077828 

Cooke et 

al.  

(2008) 

   Forward CTCCTCGCATCTCTTCTATCT 

   Reverse ACTCATCCACGATTCCTGTCT 

Leptin  

NM_173928.2 
Perkins et 

al. (2014) 

   Forward TCGTGACCTTCTTTGGGATTT 

   Reverse 
CACACTGGAATACTTCCCTCT 

C 

Peroxisome proliferator-activated receptor gamma 

NM_181024.2 
Moriel et 

al. (2014a) 
   Forward TGCCATCAGGTTTGGGCGCAT 

   Reverse CGCCCTCGCCTTTGCTTTGG 

Pyruvate carboxylase 

NM_177946.3 

Cooke et 

al.  

(2008) 

   Forward CCAACGGGTTTCAGAGACAT 

   Reverse TGAAGCTGTGGGCAACATAG 
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Table 3. Body weight and ADG of nursing beef heifers receiving (MI; n = 15) or 

not (CON, n = 15) a corn-based supplement for ad libitum consumption through a 

creep-feeder for 50 d.1,2 

Item CON MI SEM P-value 

Imprinting phase (d 1 to 51) 

   BW d 1, kg  103 105 6 0.84 

   BW d 51, kg 127 143 6 0.10 

   ADG, kg/d 0.49 0.75 0.03 < 0.01 

 

Pre-weaning phase (d 51 to 112) 

   BW d 112, kg 161 175 6 0.10 

   ADG, kg/d 0.50 0.49 0.03 0.80 

 

Development phase (d 112 to 326) 

   BW d 326, kg 337 339 9 0.87 

   ADG, kg/d 0.84 0.79 0.02 0.09 

     

1 Heifers received or not a corn-based supplement from d 1 to 51 (imprinting 

phase) of the experiment via creep-feeding while nursing their dams. From d 52 to 

111 (pre-weaning phase), cows and heifers from both treatments were managed as 

a single group on a semiarid range pasture. On d 111, heifers were weaned and 

allocated to 2 pastures according to treatment until d 325 of the study (development 

phase).  

2 Values reported on d 1 and 51 are the average full BW collected on d -1 and 0, 

and 50 and 51, respectively. On d 112 and 326, shrunk BW was recorded after a 16 

h of feed and water restriction.  
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Table 4. Body composition, subcutaneous adipocyte morphometry, and puberty 

attainment parameters of nursing beef heifers receiving (MI; n = 15) or not (CON, 

n = 15) a corn-based supplement for ad libitum consumption through a creep-

feeder for 50 d.1 

Item CON MI SEM P-Value 

Body composition 2 

   Backfat thickness, mm 4.27 4.33 0.11 0.73 

   LM depth, mm 48.8 49.7 0.6 0.32 

Adipocyte morphometry 3     

   Area, µm2 2920 3202 276 0.48 

   Density, cells/mm2 253 240 23 0.68 

Puberty attainment 4     

   Age at puberty, d 313 309 7 0.74 

   BW at puberty, kg 270 272 7 0.80 

1 Heifers received or not a corn-based supplement from d 1 to 51 (imprinting 

phase) of the experiment via creep-feeding while nursing their dams. From d 52 to 

111 (pre-weaning phase), cows and heifers from both treatments were managed as 

a single group on a semiarid range pasture. On d 111, heifers were weaned and 

allocated to 2 pastures according to treatment until d 325 of the study (development 

phase). 

2 Evaluated via real-time ultrasonography on d 0, 51, 111, 187, 261, and 325 as 

described by Cooke et al. (2013). Values reported are least squares means adjusted 

covariately to results obtained on d 0. 

3 Subcutaneous fat samples were collected (Rule and Beitz, 1986) on d 51, 111, 

261, and 325 of the experiment. 

4 Age and BW at puberty were determined according to the week of puberty 

attainment, heifer shrunk BW recorded on d 112, and heifer ADG during the 

development phase. Puberty was estimated based from blood samples collected 

every 10 d during the development phase. Heifers were considered pubertal once 

plasma progesterone concentration was equal or greater than 1.0 ng/mL for 2 

consecutive samplings (Perry et al., 1991), and puberty attainment was declared at 

the second sampling of elevated progesterone.  
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Table 5. Plasma concentrations of glucose, insulin, IGF-I, and leptin of nursing 

beef heifers receiving (MI; n = 15) or not (CON, n = 15) a corn-based supplement 

for ad libitum consumption through a creep-feeder for 50 d.1 

Item CON MI SEM P-Value 

Plasma glucose, mg/dL 

   d 51 69.3 75.9 1.5 < 0.01 

   d 111 66.2 67.4 1.5 0.59 

   d 187 74.0 71.1 1.5 0.19 

   d 261 75.3 78.5 1.5 0.14 

   d 325 77.5 78.3 1.5 0.69 

 

Plasma insulin, µIU/mL 

   d 51 2.32 2.35 0.73 0.97 

   d 111 6.68 5.98 0.73 0.50 

   d 187 5.09 4.17 0.73 0.38 

   d 261 9.56 6.17 0.73 < 0.01 

   d 325 4.65 2.43 0.74 0.03 

     

Plasma IGF-I, ng/mL     

   d 51 51.6 74.0 3.8 < 0.01 

   d 111 31.8 33.5 3.8 0.75 

   d 187 64.9 63.6 3.8 0.81 

   d 261 127.9 123.9 3.8 0.46 

   d 325 138.3 144.9 3.8 0.22 

     

Plasma leptin, ng/mL 4.34 4.54 0.15 0.37 
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1 Heifers received or not a corn-based supplement from d 1 to 51 (imprinting 

phase) of the experiment via creep-feeding while nursing their dams. From d 52 to 

111 (pre-weaning phase), cows and heifers from both treatments were managed as 

a single group on a semiarid range pasture. On d 111, heifers were weaned and 

allocated to 2 pastures according to treatment until d 325 of the study (development 

phase).  

2 Blood samples were collected on d 0, 51, 111, 187, 261, and 325 of the 

experiment. Values reported are least squares means adjusted covariately to results 

obtained on d 0. Treatment × day interactions were detected for plasma glucose (P 

= 0.01), insulin (P = 0.05), and IGF-I (P < 0.01); therefore, means are reported and 

separated within each sampling day. 
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Table 6. Expression of hepatic and adipose genes associated with nutrient 

metabolism (IGF-I, pyruvate carboxylase [PC], and leptin) and lipogenesis 

(peroxisome proliferator-activated receptor gamma [PPARγ] and fatty acid 

synthase [FASN]) in nursing beef heifers receiving (MI; n = 15) or not (CON, n = 

15) a corn-based supplement for ad libitum consumption through a creep-feeder for 

50 d.1,2,3 

Item CON MI SEM P-Value 

Hepatic genes, relative fold change 

     IGF-I 62.9 83.4 4.8 < 0.01 

     PC     

        d 51 13.7 21.2 1.2 < 0.01 

        d 111 11.7 10.6 1.2 0.50 

        d 261 2.6 4.5 1.1 0.24 

        d 325 4.9 3.7 1.3 0.52 

     

Adipose genes, relative fold change 

     Leptin 14.0 13.0 2.6 0.78 

     PPARγ 1.93 2.40 0.16 0.05 

     FASN     

        d 51 40.7 527 131 0.01 

        d 111 64.0 219.8 210 0.61 

        d 261 776 730 126 0.79 

        d 325 925 977 138 0.79 

     

1 Heifers received or not a corn-based supplement from d 1 to 51 (imprinting 

phase) of the experiment via creep-feeding while nursing their dams. From d 52 to 

111 (pre-weaning phase), cows and heifers from both treatments were managed as 

a single group on a semiarid range pasture. On d 111, heifers were weaned and 

allocated to 2 pastures according to treatment until d 325 of the study (development 

phase). 
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2 Liver (according to Arthington and Corah, 1995) and adipose (according to Rule 

and Beitz, 1986) samples were collected on d 51, 111, 261, and 325 of the 

experiment.  

3 Values are expressed as relative fold change (Ocón-Grove et al., 2008; Cooke et 

al., 2008). Treatment × day interactions were detected for mRNA expression of PC 

(P < 0.01) and FASN (P = 0.08); therefore, means are reported and separated 

within each sampling day. 
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Figure 1. Puberty attainment of nursing beef heifers receiving (MI; n = 15) or not (CON, n = 15) a corn-based supplement from d 1 to 

51 of the experiment via creep-feeding while nursing their dams. From d 52 to 111, cows and heifers from both treatments were 

managed as a single group on a semiarid range pasture. On d 111, heifers were weaned and allocated to 2 pastures according to 

treatment until d 325. Puberty was estimated based from blood samples collected every 10 d from d 113 to 323. Heifers were 

considered pubertal once plasma progesterone concentration was equal or greater than 1.0 ng/mL for 2 consecutive samplings, and 

puberty attainment was declared at the second sampling of elevated progesterone. A treatment effect was detected (P = 0.04). 
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