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ABSTRACT 

A trio of experiments were conducted to identify methods to improve red meat 

yield of cull cows targeted for a lean market. In the first study, a set of thin beef cull cows 

(n = 144; initial BW = 465.8 ± 56.9 kg, initial BCS = 2.13 ± 0.68) were serially harvest 

(28, 42 and 56 d on feed; DOF) with the aim of modeling compositional changes, to 

benchmark the timeline of compensatory growth. Furthermore, half of the cows were top 

dressed 400 mg∙animal-1∙d-1 of ractopamine hydrochloride (RH; Actogain 45; Zoetis, 

Parsippany, NJ) to evaluate the efficacy of the β-agonist and explore its relationship with 

compensatory growth. No DOF x RH interactions were detected for any parameter (P ≥ 

0.11) impying that the compensatory state did not affect the magnitude of the RH 

response. Extending DOF generated a linear increase in DMI (P <0.01) yet a decline in 

carcass ADG (P <0.01). Furthermore, kidney weights tended to decrease (P = 0.07), 

while several % fabricated cuts linearly declined (eye round, P =0.04) or tended to 

decline (inside round, P =0.09; sirloin top butt, P =0.10; tender loin, P =0.06). 

Collectively, implying a majority of compensatory gain occurred in the first 28 d. 

Compared to controls, RH incited improvements in feedlot performance, improving ADG 

by 13.7% (P = 0.04) and carcass ADG by 16.9% (P = 0.02). Although, inclusion of RH 

in the finishing diet increased HCW by 4.5% (P = 0.05; 12.9 kg) it did not alter red meat 

yield (P ≥ 0.16). 

In experiment II, thin, beef cull cows (n = 144, BCS= 2.10 ± 0.61; BW = 456 ± 47 

kg) were studied to evaluate methods to accelerate dietary step up to exploit the narrow 

timeline of compensatory gain. Cattle were organized into a 2x2 factorial arrangement of 
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treatments, to measure the effect of finishing diet roughage level and oral drenching of 

Megasphaera elsdenii NCIMB 41125 (Lactipro; Lactipro Advance; MS Biotec Inc., 

Wamego, KS). Cattle were finished over a 42-d realimentation period, and aggressively 

stepped up over a 10-d period to either a high roughage finisher (25% roughage) or a low 

roughage finisher (10% roughage). Additionally, cattle were drenched with either 0 or 

100 mL of Lactipro (M. elsdenii NCIMB 41125, 2 x 108 cfu/mL) on d 0. Decreasing 

finishing roughage level tended to improve average daily gain by 9.7% (0.26 kg, P = 

0.08), while decreasing dry matter intake (DMI) by 1.11 kg (P = 0.09), provoking a 

19.7% enhancement of feed efficiency (0.036 units, P < 0.01). However, a significant 

improvement between treatments was only detected during the final interim period, 

suggesting increasing caloric density may help offset the performance regression 

typically observed following compensatory gain. Overall, oral drenching of Lactipro 

tended to augment ADG (0.26 kg, P = 0.08) and tended to improve carcass ADG (0.20 

kg, P = 0.10); implying Lactipro was effective at alleviating the elevated acidosis risk 

prompted by the rapid step-up period employed in the trial.  

In the final trial, beef cull cows were (n= 45, BW = 503 ± 58 kg; BCS = 2.1 ± 0.6) 

challenged with a 0-d step up in order to quantify the effect of Lactipro on ruminal health 

parameters. Cattle were randomized into two treatments (0 versus 100 mL of Lactipro) 

and fed exclusively an aggressive 90% concentrate finisher over a 35 d realimentation 

period. Daily rumination was monitored with a wireless rumination tag (Allfex Flex Tag; 

SCR Engineers, Ltd., Netanya, Israel). Rumen morphometrics were recorded on the 

harvest floor, with further papillae analysis conducted in the lab. Lactipro-drenched cattle 

registered a 13.3% increase in rumination time (39.27 minutes/d, P = 0.03) during the 
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first wk of the trial. Lactipro-drenched cattle posted superior absorptive surface area (P 

=0.01) and a greater ratio of papillae area of absorptive surface area (P = 0.05). 

Generally, a precursor of enhanced VFA absorption, rapid papillae surface area growth 

may help explain the uncharacteristically high ADG (2.41 kg) observed in experiment III. 

Collectively, it is apparent that Lactipro is favorably bolstering ruminal ecology via 

promoting papillae growth and safeguarding sensitive microflora from lactate-driven pH 

drops.  
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CHAPTER I  

 

 

INRODUCTION  

 

 As the global leader of beef production, the United States cattle industry has 

constantly embraced new technology to overcome numerous hurdles. Preceded by a 

considerable drought and subsequent cow herd contraction in 2011-2012, cattle inventory 

has progressed upwards the previous 5 years, fueling considerable feedlot expansion 

leading to record cattle on feed numbers in May of 2019 (USDA, 2019a) and the 

production of over 12 billion kg of beef in 2018 (Cook, 2019). Over the past few decades 

domestic cattle production has become highly sophisticated and specialized to meet the 

needs of the American consumer. In 1970 the United States national cowherd was close 

to 140 million head, today that number is closer to 90 million, yet total beef production 

has trended upwards during that same timeline (Cook, 2019).  

This remarkable increase in efficiency can be partially attributed to improved 

feedlot management practices, advancements in feeding regimens and the embrace of 

potent metabolic modifiers. At the production level, improved genetic selection and use 

of expected progeny differences has been a vehicle for enhanced performance and 

enables breeders to incorporate cattle that are tailor made for each production 

environment. Beyond production efficiencies, the steady incline of USDA rewarded 

quality grades of traditional feedlot cattle, has positioned the United States as a viable 

trading partner with countries residing in the pacific rim. Although trade agreements can 

be tenuous, the export market is responsible for a noteworthy percentage of the value of 

beef carcasses.      
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Although production advancements of traditional feedlot cattle has been 

prevalent, the strong domestic demand for ground beef have forced the American 

consumer to look abroad. In 2015 the United States imported over 1.5 billion kg 

of beef, which coincided with a sharp domestic decline in cow harvest due to 

cowherd expansion following years of drought (USDA, 2019b). With high feedlot 

placements, U.S. packers blend lean cow trim with ground beef from young 

carcasses to achieve a consumer desired composition. But in many cases, 

domestic cow slaughter although generally representing 20% of the cattle 

harvested (Woerner, 2010), have been unable to meet consumer needs, 

manifesting in beef imports. A recent report published by the NCBA, (2016) 

found American consumers prioritize food safety over all other factors when 

making buying decisions. Blending foreign cull cow meat, with native young 

carcass trim could potentially undermined the stringent health protocols enacted 

by domestic oversight agencies.       

Despite technological advancements fueling improvements in traditional 

feedlot cattle red meat yield, cull cow carcasses appear to have lagged behind. 

Cull cows are often sold, at their lowest annual body weight, immediately 

following weaning, when the high metabolic demands of lactation often in concert 

with low forage quality and quantity leads to a state of muscle atrophy and tissue 

catabolizm. Economically speaking, traditionally the cull cow market is depressed 

from September to December, given that most domestic cattle herds utilize spring 

calving systems, and wean in the fall. A recent study conducted by Woerner, 

(2010) found that over half of the cows destine for packing plants were of sale 



Texas Tech University, Jonathan Charles DeClerck, December 2019 

3 

barn origin and received no concentrate feeding prior to harvest. Considering the 

discouraging pay weight and depressed seasonal market trend, employing a short-

term high intensity realimentation period can be a profitable venture.   

Although the high metabolic demands of lactation can suppress cull cow 

pay weight, prior tissue catabolizm can also be viewed as an opportunity, as it is 

also conducive to accelerated gains empowered by compensatory growth. It is 

possible many cattleman elect not to feed cull cows, as traditionally these cattle 

are targeted for a quality driven or “white cow market” and fed in excess of 90 d. 

However, a short term (~42 d) high intensity feeding period could capitalize on 

compensatory gains, avoid the poor feed efficiencies observed at the end of 

traditional cull cow feeding regimens, and erode the need for lean trim imports. 

Given this agenda, the purpose of this dissertation is to address methodology that 

can be utilized to augment cull cow red meat yields.         
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CHAPTER II 

 

REVIEW OF LITERATURE 

Realimentation of Cull Cows  

Often overlooked as a source of income, cull cows represent 15 to 25% of cow 

calf producer’s annual gross revenue. Schnell et al. (1997) found that producers lose 

$69.90 for every non-fed cow sent to slaughter; however, this loss could be mitigated 

by$20.00 by feeding a high concentrate ration prior to harvest. Typically, producers sell 

cull cows following weaning, due to poor performance or reproductive inefficiency. The 

high nutritional demands of lactation, often cause fat storage and muscle to be 

catabolized, lowering cull cow pay weight. This paradigm can also be viewed as an 

opportunity due to lower metabolic nutritional requirements and subsequent 

compensatory growth. Freetly and Nienaber (1998) found that cull cows are often thin 

and can experience rapid growth on high concentrate diets due to more efficient use of 

energy and increased nitrogen retention. Not surprisingly, realimentation or high 

concentrate feeding, of cull cows has consistently improved live performance 

characteristics (Swingle et al., 1979; Matulis et al., 1987; Cranwell et al., 1996; Schnell et 

al., 1997; Freetly and Nienaber., 1998; Sawyer et al., 2004). These encouraging findings 

suggest that cow-calf producers should entertain feeding their culls or retaining 

ownership of these females throughout the finishing period.  

Realimentation of cull cows presents several management challenges to 

feedyards. Beyond poor performance and reproductive failure, cows are also culled for 

disposition, age, lameness, drought or poor forage conditions and mouth/ruminal 
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aliments. With this in mind, it’s not surprising that a greater frequency of mortality has 

been documented for cull cows compared to traditional feedlot cattle. Beyond the inherit 

variance of the cull cow population, the traditional seasonal effect of cull cow prices has 

discouraged year-round feeding. With most herds in the United States employing spring 

calving systems, most cull cows are marketed in the fall, which has traditionally 

depressed prices from September through December. Seasonal price fluctuations present 

an opportunity to procure cows in the fall, and feed them through early spring, 

capitalizing on market swings (Little et al., 2002). However, it also discourages year-

round feeding of cull cows and promotes longer finishing periods. Finished cull cows are 

commonly marketed to a “white cow plant” where subcutaneous fat color is used to 

assess carcass quality, or a lean cow market, where value is dictated by red meat yield. 

The prevalence of beta-carotene in forage base diets, is responsible for yellow fat color of 

grass-fed beef (Dunne et al., 2008). In order to achieve full transition of yellow 

subcutaneous fat to white, cattle feeders typically extend cull cow finishing periods 

longer than 80 days (Woerner, 2010). This prolong feeding strategy is more conducive to 

exploiting seasonal cull cow market trends. In contrast, the state of Texas does not have a 

commercial “white cow” plant. Accordingly, most Texas yards finish cull cows in under 

60 days.  

Carcass value of cull cows is predicated by subcutaneous fat color, color of lean, 

amount of muscling, and degree of marbling (Woerner, 2010). However, a majority of 

cull cows entering harvest facilities are acquired through sale barns, prompting the need 

for visual appraisal and grades. Body condition scoring (BCS) is a subjective evaluation, 

approximating a cow’s energy status and composition. A linear scale of 1 through 9 is 
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used, where 1 is extremely thin and emaciated, and 9 is obese (Apple, 1999). 

Conventional fed market cattle are typically target to a compositional endpoint of 28% 

body fat, which would be analogous to a BCS score 7 (Rasby et al., 2014). “Breaker 

cows” are classified as above a BCS 6, and commonly receive a premium as their 

carcasses are often fabricated into whole meat cuts oppose to lean trim (Hodgson et al., 

1992). Cows with BCS ranging from 4 to 6 are classified as “boners”, they receive this 

denotation as much of their carcass is used for lean trim, although some middle meat cuts 

are often merchandized (Hilton et al., 1998). Sale barn cows with BCS at or under 3, are 

stratified as “lean and light”, alluding to the muscle and fat atrophy these cows have 

experienced as a result of under nutrition and high metabolic lactation requirements. 

Meat fabricated from these carcasses are destine for lean trim and consequently used for 

ground beef (Peel and Doye, 2017).  

Cull cows are rarely assigned grades by commercial packers, due to prohibitive 

cost, and the lack of industry adoption (Wise, 1994). These grades have little effect on the 

merchandise value of cull cow cuts. In contrast, stratification of cull cow carcasses is 

routinely assigned by marbling score or color of subcutaneous fat (Woerner, 2010). The 

most prevalent USDA quality grades assigned to cull cow carcasses are Commercial, 

Utility, Cutter and Canner, due to advanced age and subsequent skeletal maturity. Cull 

cows younger than 42 months, are often referred to as “heiferettes”, and are eligible to 

receive quality grades of Utility, Standard, Select, Choice, and Prime, although these 

comprise a small subset of the cull cow population (Woerner, 2010). While traditional 

cull cow grades focus on quality, consumers appear to be prioritizing red meat yield. A 

recent industry wide beef quality audit conducted by the NCBA (2016), revealed 
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cutability as the second most important factor for beef derived from cull cows and bulls 

amongst all stakeholders (packers, retailers, end users, and government trade 

organizations). The composition of meet was only bested by food safety which rated as 

the apex of concern amongst the foodservice industry.    

Although consumers are apprehensive about food safety, especially concerning 

practices abroad. A domestic shortfall, predicated beef imports rising to a staggering 3.02 

billion pounds in 2016. Much of this tonnage was of mature cow origin and blended with 

trimmings of traditional feedlot cattle to meet the strong national demand for ground 

beef. Given the majority of cow entering harvest facilities originated from sale barns 

(Woerner, 2010), and the near universal improvement in red meat yields documented 

from concentrate feeding (Wooten et al., 1979; Miller et al., 1987; Boleman et al., 1996; 

Schnell et al., 1997; Sawyer et al., 2004, Woerner, 2010), realimentation strategies could 

erode total beef imports. With cull cows representing nearly 20% of harvested cattle 

domestically, even incremental gains in performance could provoke staggering industry 

implications.  

Feeding an energy rich diet to cull cows has not only elicited red meat yield gains, 

but improved palatability and tenderness (Stelzleni et al., 2007). Moreover, Woerner 

(2010) found drastically reduced collagen content and slice shear force, along with 

consumers reporting lower incidence of off flavors amongst concentrate fed cull cow 

beef. Recent work has shown feeding cull cows reduced WBSF values and increased the 

proportion of heat soluble collagen to values similar to those of young (A maturity) fed 

beef (Gredell, 2016). When coalesce with the United States world leading food safety 
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practices, these results indicate opportunities exist to develop domestic value-added 

markets for cuts derived from concentrate fed cull cows.  

Compensatory Gain 

Characterized as a phase of rapid growth following a period of dietary restriction, 

exploiting compensatory gain is essential to profitable production (Parish, 2010). 

Prolonged nutritional deprivation of ruminants induces a reduction in Net Energy for 

Maintenance (NEm) (Graham and Searle, 1975; Thomson et al., 1980; Ferrell and Koong, 

1987). It is widely accepted that depressed NEm is achieved as the result of viscera tissue 

catabolism, (Canas et al., 1982; Koong et al., 1982; Burrin et al., 1989) and modified 

cellular ion pumping and metabolite cycling (Harris et al., 1989; Summers et al., 1988; 

Lobley et al., 1992). The reduction of NEm requirement of ruminants during periods of 

low nutrient availability is among the phenomena that define the durability of the species. 

Numerous factors affect the magnitude of NEm decline including age, breed, genetics, 

length and severity of nutrient restriction. Visceral organs represent a substantial portion 

of the animal’s metabolic nutrient requirement. In particular, the liver is a prodigious 

organ, that plays a vital role in post absorptive metabolism. The energetic tax associated 

with the liver accounts for 24 % of metabolic energy use (McBride and Kelly, 1990). 

Although considerable variation among animals exist, a 20% reduction in NEm is used by 

most prediction equations during the compensatory state (Webster et al., 1982; Wurgler 

and Bickel, 1985; Ferrell et al., 1986; Birkelo et al., 1989; Carstens et al., 1989). The 

length of compensatory gain following access to a higher plane of nutrition is highly 

variable and extremely animal dependent, but 60 to 90 d is expected (NRC, 2016). 

Inherently, following a prolong period of nutrient restriction, realimentation of ruminants 
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to energy dense diets, prompts impressive animal gain, and feed efficiency (Hornick et 

al., 2000). 

Although, extensively defined in traditional feedlot cattle, a realimentation study 

conducted by Matulis et al. (1987) was used to evaluate the arc of the compensatory state 

in cull cows. Cattle were serially harvested on d 0, 28. 56 and 84, with 12 British cross 

cows in each treatment. Researchers reported cattle harvest on d 56 had superior ADG 

compared to other treatments, suggesting the timeline of compensatory gain was 

congruent with suggested NRC values. These findings are in concert with the agenda 

established by Schnell et al. (1997), where 40 crossbred cows targeted for a lean market 

were serially harvest at 0, 14, 28, 42 or 56 d. Researchers highlighted precipitous ADG 

improvements from d 14 to 28, and although no other statistically differences were 

distinguished, numerically gains continued to increase to d 56.  

An experiment conducted by Sawyer et al., (2004) evaluated the effect of diet 

caloric density on 125 British cross cows. Cattle were finished over a 54-day 

realimentation period, with interim weights documented every 2 wk. During the period 

generally associated with diet acclimation (wk 1 to 2), cull cows regardless of age and 

diet calculated with negative average daily gains (ADG). The most rapid ADG for cattle 

consuming calorically dense diets, were observed during the period immediately 

following dietary transition (wk 3 to 4). Over the final 4 wk of the trial, cows ADG 

values showed considerable regression, suggesting cows were only in the compensatory 

during the first 4 wk of the study. For cows fed a conservative, high roughage diet, 

maximum gains were posted during from day 29 to 42, 2 wk following their more 

aggressive fed counterparts, insinuating that the lower energy density of the diet enabled 
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a prolonged compensatory growth period. Regardless of the additional time in the 

compensatory state, conservative fed cows documented numerically lower ADG, and 

gain to feed ratio (G:F), provoking a 30% greater cost of gain (Sawyer et al., 2004).     

Regardless of diet or use of metabolic modifiers, across a wide cross section of 

available literature, the most advantageous gains and feed efficiency were posted during 

the intermediate feeding period. Thin, stressed cull cows understandably need time to 

transition from grazing forage-based diets, to a concentrate, calorically rich ration. 

Conversely, following diet adaption, compensatory gain, appears to dissipate between 4 

and 6 wk depending on caloric density. Collectively, strategies should be implemented to 

quickly step up cull cows to maximum energy to exploit compensatory gain potential. 

Conversely to address poor G:F efficiencies observed at the end of the feeding period, the 

use of metabolic modifiers could be a pragmatic proposition.         

BETA-ADRENERGIC AGONIST 

 

It has been well established that feeding high energy diets to cull cows has 

increased carcass red meat yield (Cranwell et al., 1996; Schnell et al., 1997). Further 

enhancement of red meat yields may be achieved with the supplementation of Beta-

adrenergic agonists (β-agonists). Muscle hypertrophy is accomplished as result of β-

agonists increasing protein synthesis and lipolysis and decreasing protein degradation and 

lipogenesis (Beermann, 2002; Anderson et al., 2004; Bohrer et al., 2013; Arp et al., 2014; 

Howard et al., 2014; Edenburn et al., 2016). Correspondingly, the repartitioning of 

nutrients prompted by β-agonists improves: ADG, G:F and Loin Muscle Area (LMA) 

(Mersmann, 1998; Avendaño-Reyes et al., 2006; Winterholler et al., 2007; Vasconcelos 

et al., 2008; Rathmann, 2009).  
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Currently, the only β-agonist available for domestic use in cattle is ractopamine 

hydrochloride (RH) (Optaflex, Elanco Animal Health, Greenfield, IN.; Actogain, Zoetis 

Inc., Parsippany, NJ). Approved as a complete feed and for top-dress application, RH is 

permitted for use at a rate of 70-430 mg·animal-1·d-1 (8.2 – 24.6 g/ton) for the last 28 - 

42 d prior to slaughter. Additionally, the β-agonist zilpaterol hydrochloride (ZH; Zilmax, 

Merck Animal Health) is approved by the U.S. Food and Drug Administration but was 

voluntarily removed from the U.S. market by Merck Animal Health over potential 

soundness issues in 2013. More recently, several cull cow harvesting facilities have 

begun accepting ZH fed cull cows, and Merck has started seling the product in targeted 

markets. ZH Supplementation of zilpaterol hydrochloride is permitted at a fed rate of 8.3 

mg/kg on a DM basis in a complete feed (6.8 g/ton) for the last 20 - 40 d prior to harvest, 

with a mandatory 3 d withdrawal period. With the well-established economic benefits of 

β-agonists it’s not surprising, a recent review of feedlot consulting nutritionists, 

representing over 14 million cattle on feed, reported that 85% of their clients used 

finishing diets with β-agonists (Samuelson et al., 2016).   

Mechanism of Action 

β-agonists are stratified to a set of chemicals known as phenethanolamines. 

Following animal consumption, absorption of β-agonists occurs rapidly, with peak 

plasma levels occurring from 0.5 – 2 hours post feeding (Ungemach, 2004). Although 

little published research pertaining to cattle absorption exists, it is believed that passive 

diffusion of β-agonists occurs in the neutral pH environment of the jejunum (Smith, 

1998). Congruent with endogenous catecholamines, β-agonists provoke similar animal 

response to the hormone’s dopamine, norepinephrine and epinephrine (Bell et al., 1998).  
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β-agonists bind to beta-adrenergic receptors (β-AR) on target cell membranes stimulating 

the repartitioning of nutrients to protein accretion, eliciting an advantageous live animal 

ADG response. Found on nearly every tissue cell type, β-AR can be activated by both 

natural and synthetic catecholamines (Mersmann, 1998). Advancements in genomic 

sequencing enabled stratification of β-AR into subtypes based on protein sizes, amino 

acids, RNA transcription lengths, and chromosomal positions, (Mersmann, 1995). Within 

mammalian tissues, there are 3 types of β-AR: β1-AR, β2-AR, and β3-AR with the 

affinity for norepinephrine used to classify receptors. Similarities occur between some 

species, although distribution of type of β-AR is based on species, tissue and age 

(Mills et al., 2003).  In cattle tissues, frequency of β2-AR is most prevalent and appears 

to be the most pronounced as the animal ages (Carron et al., 2005). 

β-AR are guanine nucleotide binding protein (G-protein) receptors (Strosberg, 

1996) that are secured to the cell membrane seven times (Mills, 2002). Attachment of 

ligand to the β-AR activates the G-protein causing dissociation of the α subunit, through 

guanosine diphosphate binding to guanosine triphosphate. The separated α subunit 

activates the enzyme adenylate cyclase producing cyclic adenosine monophosphate 

(cAMP), using adenosine triphosphate (ATP). Subsequently, cAMP binds to the subunit 

of protein kinase A (PKA), which releases and activates the catalytic subunits. The signal 

pathway is completed by PKA phosphorylating numerous downstream intracellular 

proteins, altering cellular responses (Mersmann, 1998). 

 Although β-agonists can bind to all β-AR, RH has shown the greatest affinity for 

β1-AR. Success of RH activation of additional subtypes of β-AR maybe dictated by level 

of supplementation (Johnson et al., 2014). Supplementation of RH appears to incite 80% 
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of the response on β2-AR as β1-AR at full stimulation (Levy et al. 1993). The ligand of 

ZH portrays the strongest affinity for the β2-AR, which is the most frequent subtype 

found in cattle skeletal muscle and adipose cells (Sillence and Mathews, 1995). 

Collectively, the copious amounts of β2-AR in carcass tissues, most likely elucidates the 

more potent compositional gain responses of cattle consuming ZH compared to RH.  

Much of the live performance gains of β-agonists can be attributed to decreasing 

the inefficient process of protein turnover which accounts for 15 to 22% of total livestock 

energy expenditure (Reeds et al., 1985). However, unlike growth implants, β-agonists do 

not employ DNA accretion to achieve muscle hypertrophy (Mills, 2002). Furthermore, 

continuous exposure of β-agonists to β-AR, leads to desensitization. Collectively, the 

post-natal muscle hypertrophy achieved by β-agonists are not permanent, resulting in 

recommended use of the metabolic modifier only in the final weeks preceding harvest.     

Zilpaterol Hydrochloride 

 Feedyareds quickly classified ZH as an effective tool to combat the inherit low 

dressing percentages (DP) and red meat yields in cull cows. In a review of 10 studies 

conducted on young, traditional feedlot cattle, Delmore et al., (2010) noted a carcass 

transfer effect, where mobilization of non-carcass tissues led to approximately a 15 kg 

greater hot carcass weight (HCW), triggering a 1.5 to 2.0% increase in dressing yield. 

Although the magnitude of ZH response is curtailed in older animals relative to 

traditional feedlot cattle, several studies reinforced a carcass transfer effect in cull cows.  

Several different cull cow realimentation systems were evaluated by Neill et al. 

(2009). Cows (n = 60) were stratified into treatments of: 1) grass fed 2) concentrate diet 

with no growth modifiers, 3) concentrate diet plus Revalor-200 implant 4) concentrate 
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plus ZH, and 5) concentrate diet plus Revalor-200 and ZH. Treatments including ZH, 

were supplemented with the β-agonists included for the final 30 d of the 70-d finishing 

period. Not surprisingly, concentrated feeding improved ADG, HCW and DP compared 

to grass fed cows. However, supplementation of ZH alone failed to augment feedlot 

performance, and only significantly improved LMA. Moreover, ZH inclusion failed to 

improve subprimal weights, while longissimus steaks originating from implanted plus ZH 

supplemented treatment contained more connective tissue than exclusively concentrate-

fed cows.   

These finding contradict the empirical work of Strydom and Smith (2010), who 

evaluated supplementing 288 cull cows with ZH for the final 20, 30, or 40 d of the 

finishing period. Following a 10 d diet adaptation period, all treatments were finished for 

40 d. Compared to controls, pooled ZH treatments showed improved live G:F, carcass 

gains and DP. Surprisingly, Warner Bratzler shear force values of m. longissimus 

thoracis and m. semitendinosus in cows treated with ZH showed no difference from non-

supplemented controls.   

A promising study reported by Lawrence et al., (2011), showed the effect of ZH 

supplementation in cull cow realimentation. Three hundred twenty mature cows were 

serially slaughtered following 75, 88, or 110 d finishing period. Treated cattle received 

8.33 mg/kg of ZH for the final 20 d of the finishing period followed by a 4-d withdrawal, 

to allow for drug residue clearance. Compared to controls, supplementation of ZH 

prompted a 0.24 kg increased ADG over the final 24 d, a 27% improvement in G:F 

carcass yield, a 20.9 kg increase in HCW, a 6.8 cm2 improvement of longissimus muscle 

LMA, a 1.6% enhancement of DP. Effects of ZH were also documented on the 
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fabrication floor, recording a 0.35 kg increased chuck tender, a 0.98 kg improvement lip-

on rib eye roll, a 0.92 kg greater top sirloin butt, a 1.69 kg heavier top round, and a 1.36 

kg larger peeled knuckle.  

Further ZH analyzis was conducted with 34 dairy cows by Lowe, et al., (2012). 

The collaborators fed ZH at a rate of (8.33 mg/kg) to half the cows utilized in the 42 d 

realimentation study. Encouragingly, ZH did not affect locomotion or marbling scores of 

the cattle on trial. Although ZH supplementation didn’t trigger a live animal performance 

response, it led to significant compositional gains, including greater DP, LMA, carcass 

primal and suprimal yields. Collectively, across various permutations, these studies 

suggest that ZH supplementation improves live performance parameters, but to a greater 

extent enhances red meat yield. Although not currently available for use domestically, 

employment of ZH has proven a salient repartitioning agent in cull cows.   

Ractopamine Hydrochloride   

 Although, distribution of β-AR subunit type is more advantageous to ZH, 

especially among carcass tissues, research quickly identified the potent effects of RH 

supplementation in feedlot cattle. Given the variance in concentration, duration, sex and 

age in RH studies, the repartitioning effects of protein and lipid metabolism vary greatly. 

Two recent meta-analysis conducted by Elanco (Pyatt et al., 2013a, b), summarized 

growth and carcass characteristics across 32 studies of steers and 16 trials of heifers. No 

difference in dry matter intake (DMI) were detected while ADG, G:F, HCW and DP was 

improved across both meta-analyses.  

 The 32-study steer meta-analysis represented 26,483 cattle, relative to controls, 

RH supplementation of 200 mg·animal-1·d-1 caused a 14.5% improvement in feed 
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efficiency, improved 6.8 kg of ADG, a 6.1 kg increase in HCW, and a 0.5-unit 

augmentation in DP. Steers supplemented with RH at 300 mg·animal-1·d-1 bested control 

treatment with: a 16.4% improved feed efficiency, a 10.2 kg greater ADG, a 9.2 kg 

improvement HCW, and a 0.7 unit increase in DP. A similar trendline was established by 

the 16-trial heifer summary representing 12,342 cattle. Directly compared to control 

treatments, cattle consuming 200 mg·animal-1·d-1 of RH: improved feed efficiency by 

12.5%, increased ADG by 5.4 kg, documented a 4.3 kg heavier HCW, triggering a 0.2 

units improvement in DP. Furthermore, RH included at 300 mg·animal-1·d-1 caused 

improved feed efficiency by 18.8%, increased ADG by 8.1 kg, registered a 6.4 kg greater 

HCW, translating to an increased DP by 0.3 units, compared to controls. Finally, a more 

recent meta-analysis of steer and heifers fed together, found a 1.84 cm2 improvement of 

RH supplemented cattle compared to controls (Lean et al., 2014) 

 Regardless of sex, in traditional feedlot cattle RH supplementation routinely 

improves both live and carcass characteristics, however there is less consensus amongst 

cull cow studies. A trial of 98 cull cows showed no performance improvements for cattle 

dosed with 100, 200, or 300 mg·animal -1·d-1 of RH, for the final 30 d of a 54 d finishing 

period (Carter et al., 2006; Dijkhuis et al., 2008). Furthermore, Holmer et al., (2009) 

conveyed no significant differences between cows receiving RH supplementation 

compared to concentrate fed treatments. However, realimentation of concentrate fed cull 

cows recorded superior performance metrics compared to forage fed controls. These 

results are analogous to Allen et al. (2009) who saw no difference in performance or 

carcass characteristics of cull dairy cows supplemented with 312 mg·animal -1·d-1 of RH 

for the final 32 d of a 90 d realimentation period. 
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Although RH doesn’t consistently improve cull cow performance due to inherit 

differences in cattle type and across various diets and dosages, evidence suggests, the β-

agonist is compelling cellular level change. A dose titration study performed by Gonzalez 

and collaborators (2008), studied muscle morphometrics of 88 cull cows finished over 54 

d, with treated cattle receiving either 100 200 or 300 mg·animal −1·d−1 of RH over the 

final 28 d of the finishing period. Fiber cross-sectional analysis revealed an increase in 

the proportion of Type IIA fibers at the expense of Type I fibers as RH dosage increased 

in the semimembranosus and vastus lateralis muscles. Subsequent work by Gonzalez et 

al., (2009) found a shift in muscle fiber type from oxidative to glycolytic in traditional 

feedlot steers.   

 A 74-d finishing trial comprised of 60 cull cows was conducted to elucidate the 

effects of single β-agonist and sequential β-agonists supplementation (Weber et al., 

2012). Cattle were allocated to 4 treatments: 1) concentrate diet with no β-agonists, 2) 

RH supplemented at 200 mg·animal -1·d-1 for 20 d, 3) ZH supplemented at 8.33 mg/kg for 

20 d prior to a 3-d withdrawal period, and 4) RH + ZH, supplemented with RH for 25 d at 

200 mg·animal -1·d-1, followed by ZH for 20 d at 8.3 mg/kg prior to a 3-d withdrawal 

period. Both treatments containing ZH posted superior ADG and LMA, but were not 

statistically significant, most likely predicated by the limited sample size of the study 

design. No difference in ADG, G:F or DMI was distinguished between controls and RH 

fed cattle. Despite the lack of performance improvements, RH supplementation elicited 

an increase in β2-AR mRNA during the last 23 d of the trial.  

 Given the continued tepid response of cull cows to RH supplementation across 

various diets, it appears that maturity may play a role in the magnitude of β- agonist 
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effectiveness. A precipitous decline in β-AR concentration and sensitivity, have been 

reported in response to maturation (Elfellah et al., 1989). Additionally, Gonzalez et al., 

(2007) hypothesized that the aging process of cattle may mitigate their potential for 

protein synthesis. There is also evidence that suggest as cattle age, the density of β1-AR 

decreases while the levels of β2-AR increases in skeletal muscle tissue (Sillence and 

Mathews, 1994; Johnson, et al., 2014). This may help explain cull cow’s lack of response 

to RH as opposed to ZH.  

Ruminal Acidosis 

The rumen serves as a dynamic anaerobic chamber and site of fermentation of 

various feedstuffs. Bacteria, protozoa and fungi work in unison to incorporate enzymes to 

degrade complex feedstuffs into tri/di or simple monomers of substrates, which are then 

fermented into organic acids such as Volatile Fatty Acid (VFA) and lactate. To maintain 

homeostasis in the sensitive ecosystem of the rumen microbiome, removal of these acids 

through absorption or passage needs to be congruent with their production. If an animal 

over engorges and introduces exorbitant amounts of rapidly fermentable carbohydrates to 

the rumen, the ratio of VFA production to absorption becomes untenable, provoking a 

precipitous drop in ruminal pH referred to as acidosis (Nagaraja and Titgemeyer, 2007). 

Arguably the most economically prohibitive digestive disorder, acidosis continues 

to plague the cattle industry, as the second leading cause of morbidity and mortality in the 

feedlot sector (Nagaraja and Lectenberg, 2007). Manifestation of acidotic pH can derive 

from any event that interrupts normal carbohydrate consumption patterns including: 

dietary transition, weather changes, and feed delivery irregularities (Elam, 1976; Stock, 



Texas Tech University, Jonathan Charles DeClerck, December 2019 

19 

2000). The mere existence of acidosis underscores the inadequacies of the relationship 

between intake regulation and ruminal VFA metabolism (Britton and Stock 1987).  

Reduction of live weight gain, and animal intake are proceeded by low pH and 

ruminal motility (Slyter, 1976).  In an excellent review of the etiology of acidosis by 

Owens at al., (1998), the authors defined the metabolic disorder as the products of starch 

fermentation greatly exceeding the inherit buffering and absorption capabilities of the 

rumen. Unlike their monogastric counterparts, cattle satisfy most of their energy 

requirement via bacterial fermentation. In order to maintain cell homeostasis ruminal 

bacteria, excrete the end products of fermentation. Following carbohydrate engorgement, 

excessive production of VFA, can exceed absorption, with dissociation of VFA fostering 

a decline in ruminal pH (Penner et al., 2009; Aschenbach et al., 2011). In order to dispose 

of the exorbitant protons created and mediate ruminal pH and osmolarity, absorption, 

buffering and increase passage rate are employed. Epithelial tissues are credited with 

disposing of 50 to 55% of ruminal protons via VFA absorption (Allen, 1997). For each 

mole of VFA absorbed 0.53 mole of cellular bicarbonate is exchange by enterocytes 

(Gaebel et al., 1991). Perhaps the most paramount buffer, sodium bicarbonate uses saliva 

as a carrier and neutralizes approximately 40% of the acid generated in the rumen (Allen, 

1997, Aschenbach et al., 2011). A protenant alkaline aqueous solution, ruminant saliva 

has a pH of 8.4 (Bailey and Balch, 1961) with a pKa of 6.1 (Aschenbach et al., 2011). 

Saliva production is stimulated by chewing and rumination, the latter activated by bulky 

feedstuffs interacting with receptors on the rumen epithelial cells (Plazier et al., 2008). 

Furthermore, the primary rumen contraction triggered via rumination helps propel digesta 
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towards the lower tract, further removing excessive VFA. Collectively, the dynastic 

process of rumination plays a crucial role in pH regulation.  

Under normal ruminal conditions, the weak acids known as VFA are readily 

removed via epithelial absorption (Gaebel et al., 1991). Depression of ruminal pH to 

acidotic levels is generally the result of lactate accumulation. Lactate or its non-

dissociated form lactic acid has a pKa of 3.86 compared to the range of 4.74 to 4.88 pKa 

of the principal ruminal VFA (Acetate, Butyrate, Propionate). Subsequently, the accretion 

of lactate can cause considerable depression of ruminal pH. Absorbed at a fraction of the 

rate of VFA (Khafipour et al., 2016), lactate is sent to the liver to be converted to glucose 

via the Cori Cycle. As such the primary ruminal disposal of lactate is dependent on a 

dynamic called interspecies bacterial transfer. In this process lactate is an intermediate 

substrate that is converted via fermentation into VFA.  

Copious amounts of soluble starch and sugar hastens rapid growth of bacterial 

species that generate lactate during acidosis. Lactate proliferation is normally an 

intermediate of ruminal fermentation and is primarily generated by Streptococcus bovis 

Selenomonas ruminantium, and Lactobacillus species. The most problematic is 

Streptococcus bovis, which hails from the Firmicutes Phlya. This facultative anaerobe 

thrives in low ruminal pH and can double in 24 min. Unlike many lactate-proliferating 

bacteria that require 8 amino acids for growth, Streptococcus bovis only relies on fixating 

nitrogen which is ubiquitous in the ruminal ammonia pool (Nocek, 1997). Naturally, the 

rapidly growing Streptococcus bovis is directly associated with acidosis (Nagaraja and 

Lechtenberg, 2007). As pH is depressed to acidotic conditions (pH ≤ 5.6) an increase in 

lactate proliferation is observed compliments of the acid tolerate Lactobacilli species 



Texas Tech University, Jonathan Charles DeClerck, December 2019 

21 

(Nagaraja and Lectenberg, 2007). Lactate accumulation is especially prevalent during 

dietary transition, as lactate-utilizing bacteria populations have modest proliferation rates 

(Huber et al., 1976; Therion et al., 1982). Microbial disposal of lactate is generally 

accomplished by the Megasphaera elsdenii, Propionibacterium acnesi, and Selenomonas 

ruminantium species (Russell and Dombrowski, 1980). 

In a classic paper by Britton and Stock (1987), the authors contended that the 

metabolic disorder wasn’t simply a disease but a continuum with varying degrees of 

acidosis. For simplicity acidosis can be further allocated into acute and subacute. 

Practically speaking, stratification of the degree of acidosis is generally confirmed by an 

animal portraying clinical signs (acute acidosis). In literary terms, depression of ruminal 

pH below 5.2 for greater than 3 h is commonly labeled acute acidosis, while pH between 

5.3 and 5.6 are classified as subacute acidosis (Cooper and Klopfenstein, 1996, Castillo-

Lopez et al., 2014). Under normal ruminal conditions lactate concentration seldom 

exceeds 2 – 3 mM, during acute acidotic bouts concentrations can spike from 5 - 50 mM 

(Goad et al., 1998, Nagaraja and Tigemeyer, 2007, Aschenbach et al., 2011). Cattle 

typically exhibit clinical signs of acidosis when pH depression reaches acute status, 

provoking a cessation of live animal intake. Additional signs are highly variable, but 

commonly are observed 12 to 36 h following carbohydrate engorgement and include: 

bloat, diarrhea, dehydration, loss of coordination, and mucus present in feces (Elam, 

1976). In extreme cases animal morbidity can occur within 8 h (Nagaraja and Lectenberg, 

2007). Generally, increased VFA production coincides with a reciprocal increase 

absorption in normal ruminal conditions. However, in extreme acidosis challenges, the 

cessation of animal consumption is most likely driven by the halt of VFA absorption 
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(Wilson et al., 2012; Schwaiger et al., 2013).  Clearly, lower absorption of VFA can lead 

to further increases in ruminal osmolarity (Plazier et al., 2008), but conversely it may also 

avert metabolic acidosis by overwhelming the buffering capabilities of pH sensitive 

blood, potentially leading to mortality (Owens et al., 1998).  Likewise, given the vital 

role the rumen papillae play in the transfer of energy to the host animal, reduced VFA 

absorption in acute acidosis maybe a defense mechanism against acidification of 

enterocytes (NRC, 2016). 

 Conversely, subacute acidosis frequently goes undetected, and often occurs 

throughout the concentrate feeding period. Ruminal pH tends to return to amicable ranges 

several hours following feed consumption, and animals may not exhibit clinical signs 

including eating pattern modifications. Cyclical in nature, this subclinical metabolic 

disorder leads to continued carbohydrate engorgement, inducing sustained acid insults to 

the sensitive ruminal ecosystem. Continual acidotic bouts can lead to irreparable damage 

to the epithelium, lowering absorption capabilities (Krehbiel et al., 1995) and 

exacerbating prevalence of insults. Dietary transition is often characterized as high risk 

for acidosis, by virtue of common diagnosis of clinical behavior. However, following 

appropriate adaptation to carbohydrate dense diets, protracted exposure to somewhat 

acidic ruminal ranges (pH ≤ 6.0) resulting from accumulation of VFA can trigger acidosis 

(Russell and Wilson, 1996). The pernicious effects in concert with the difficulty 

diagnosing subacute acidosis leads to devastating economic ramifications.  In the U.S. 

dairy industry an estimated 20% of cows suffer from subacute acidosis (Hall & Averhof, 

2000; Plaizier et al., 2008), aggregating an annual tab between $500 million and $1 

billion (Donovan, 1997).    
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Rumenitis- Liver Abscess Complex    

While acidosis is often directly associated with depressed intake, gain and 

dehydration, the prolonged insults incurred from the subclinical disorder can lead to a 

state of: rumenitis, hepatic infection, laminitis, polioencephalomalacia, displaced 

abomasum, ketosis and bloat (Brent, 1976; Owens et al., 1998; RAGFAR, 2007).  

Although the repercussions of all these long-term consequences are significant, the most 

prominent is liver abscesses which effects up to 32% of fed cattle in certain regions 

(Brink et al., 1990). In the fed cattle industry, liver abscesses maybe responsible for $15.8 

million in annual losses (Hicks et al., 2011). Liver abscesses are the leading cause for 

USDA liver condemnation (McKeith, et al., 2012). The 2016 National Beef Quality 

Audit reported a 17.8% liver abscess rate among commercial fed cattle, an increase 

compared to the 13.7% frequency documented in 2011 (McKeith et al., 2012; Eastwood 

et al., 2017). Beyond failing to market condemn livers, additional trim/labor results in 

carcass value reduction for packers (Rezac et al., 2014). With liver abscesses predicated 

by prolong bouts of ruminal acidosis, it is not surprising that they also coincide with a 

live animal ADG reduction of 0.17 kg/d (Rezac et al., 2014), and a 9.7% drop in G:F 

efficiencies (Brink et al., 1990), compared to healthy cattle. 

During acidosis, the buffering capabilities of the rumen are overwhelmed, 

enabling pyogenic bacteria to escape and travel through the portal vein to the liver, 

resulting in hepatic abscess (Nagaraja and Chengappa, 1998). The epithelium of the 

rumen and the papillae that cover it, are the primary site of VFA metabolism and 

absorption. The rumen mucosa presents a protective barrier between potentially harmful 

bacteria and portal circulation. Drops in pH during ruminal acidosis can damage the 
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mucosa due to concentration of hydrogen ions and is referred to as rumenitis. Continued 

insults to the rumen and the resulting hydrogen ions can keratinize the stratum corneum, 

stratum granulosum and stratum spinsosum, allowing microbes to colonize the ruminal 

wall, provoking a host immune response. These colonies can lead to ruminal abscess, 

allowing access of harmful bacteria to portal circulation and thus an opportunity to 

hepatic capillaries in the liver parenchyma. The precursor to liver abscesses in cattle is 

most often the pathogen’s Fusobacterium necrophorum, and Arcanobacterium pyogenes 

to much less extent. During acidotic bouts, Fusobacterium necrophorum escape the 

rumen and travel through the portal vein to the liver. Once these bacteria reach hepatic 

capillaries several virulence factors, including protease and leukotoxin, can lead to a 

pyogranulomatous immune reaction and eventual abscess (Tan et al., 1992).    

 

Rumenitis Ulcerations  

  Prior to ruminal abscess formation, structural changes in the mucosal epithelium 

illuminate the first symptoms of acidosis. Comprised of 4 distinct morphological layers 

the rumen epithelium is a transport organ tasked at conveying microbial derived energy 

to the host animal (Lavker and Matoltsy, 1970). The luminal surface of the rumen is lined 

with a stratified, squamous, keratinized epithelium (Hofmann, 1988). Confronting the 

lumen are papillae, these leaf-like structures exponentially increase the absorptive surface 

and are fastened to the stratum corneum. Comprised of layers of enterocytes containing 

the fibrous protein keratin, the stratum corneum is a protective cover, entrusted as the 

first line of defense against bacterial invasion (Steele et al., 2011). Sloughing of cells in 

stratum corneum is often the first sign of digestive upset and may compromise the 
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integrity of the primary barrier segregating the external and internal environment (NRC, 

2016).  

The remaining layers are the stratum granulosum, the stratum spinosum, and the 

stratum basale, the latter adjacent to the basal lamina (Graham and Simmons, 2005). The 

boundaries of intermediate layers, (stratum granulosum and the stratum spinosum) are 

more difficult to distinguish. Cells comprising the stratum granulosum are composed of 

fibrils and are tightly organized with little interstitial space, adding mechanical strength 

to the epithelium. The fastening mechanism of this layer is called desmosomes, which 

tightly adhere cells together via filaments connected to the cytoskeleton of neighboring 

cells (Graham and Simmons, 2005). The final two stratums: basale and spinosum serve 

metabolic functions including the conversion of ruminal absorbed VFA to ketones 

(Baldwin et al., 2004). The stratum basale, features columnar cells with operational 

mitochondria, ribosomes, sodium/potassium pumps, and other organelles. These cells can 

differentiate and leave the metabolic layers of the stratum basale and spinosum and move 

to the protective stratums, neighboring the lumen.  However, the process regulating this 

cell migration is not well understood (Steele and Penner, 2016).  

Fell and Weeks (1975) noted the strong correlation between rumenitis and 

epithelial parakeratosis and hyperkeratosis. The authors defined hyperkeratosis as 

abnormal depth of the corneum and granular stratums, due to a deliberate upward 

relocation of enterocytes. Conversely, parakeratosis is described as abstention of the 

granular stratum and abnormal detainment of nuclei in the keratinocytes that compose the 

stratum corneum or stated simply as incomplete keratinization. Parakeratosis can harden 

individual papilla and cause them to adhere together forming a bundle. Steele et al., 

https://www.sciencedirect.com/topics/veterinary-science-and-veterinary-medicine/basal-lamina
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(2009a) noted that following digestive insults, weakening of the stratum spinsosum is 

caused by sloughing in the protective stratum corneum inflicting demarcation of the 

epithelial layers enabling access of potentially harmful ruminal bacteria to portal 

circulation. In extreme instances of rumenitis the lining of the epithelium and papillae 

maybe sloughed away (Van Soest, 1994). 

Given the dynamics of the rumen, most ulcerative lesions are formed in the 

ventral sac, the home for the liquid phase of the rumen and a primary site of absorption 

(Thompson et al., 1967). Dependent on the magnitude of acidosis, additional lacerations 

maybe found in the caudodorsal or caudovenentral sacs (Rezac et al, 2014). Healed 

lesions appear as raised, white, smooth scars, in an area bereft of papillae. Recent 

ulcerations are surround by round scar tissue with either a bright red smooth center, or a 

discolored necrotic center. (Smith, 1944, Thompson et al., 1967)   

A pair of extensive studies conducted by Smith (1944) and Jensen et al. (1957) 

were the first to quantify the correlation between rumenitis and liver abscess. In Smith’s 

(1944) classic report, 1,807 carcasses were evaluated with 42% of cattle with rumenitis 

lesions, documenting liver abscess. Which was remarkably higher than the 9% frequency 

of hepatic lesions observed among cattle with no signs of rumenitis. Jensen et al., (1957) 

surveyed 1,535 carcasses and denoted a 38% frequency of lesioned rumens.   

Since the adoption of rumenitis liver abscess pathology, most researchers have 

relied on the presence of hepatic lesions to evaluate acidotic insults. Although there is a 

dearth of scientific data quantifying visual rumenitis scores, these lesions maybe the best 

measurement of acid insults throughout the life of the animal (Rezac et al., 2014). Over 

time liver abscesses may heal, concealing prior insults (Itabisashi, 1987), while healed 
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ruminal lesions appear as noticeable scars, that are barren of papillae (Thomson, 1967). 

Consequently, rumenitis scores can serve as an objective log, denoting prior acidotic 

insults, perhaps experienced during the dietary transition phase.     

Given the time lapse between the classic studies of Smith (1944) and Jensen et al., 

(1957) and the vastly different production methodology and diet substrates of the current 

fed cattle industry, a facsimile of the prior studies was conducted by Rezac et al., (2014). 

A subset of 19,929 cattle fed in the high plains and harvested at commercial plants in 

Kansas and Texas were used to evaluate ruminal health parameters. Rumenitis scores 

were assigned to each carcass using the following scale: 1) normal (healthy epithelium 

without signs of inflammation); 2) mild (segments of the rumen with short papillae or 

bare); 3) Severe (lesions, ulcerations, scars). Unfortunately, rumens that were condemned 

by USDA personnel were not visually scored and were recorded as “unknown”, which 

represented 24.6% of the study.  

Lesions were observed in 24.1% of cattle scored in study (32% of carcasses with 

recorded scores). The author noted that frequency of lesions were most prevalent in the 

floor of the ventral sac and caudodorsal sac. In contrast to the previous work of Smith 

(1944) liver abscess rate was 32% among cattle with mild or severe rumenitis scores, and 

19% among cattle with rumens classified as normal. The authors noted the difficulty of 

scoring rumens at “chain speed” in the plant. Many rumens could not be matched to 

carcasses and were allocated to the “unknown category” while smaller rumenitis lesions 

were challenging to detect. Finally, USDA protocol is to condemn offal with ruptured 

abscess or severe adhesions. It is cogent to suggest many of the rumens that were not 

scored due to liver condemnation, would have been classified as mild or severe rumenitis 
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scorers as 53.0% of the carcasses with abscessed livers were allocated to the “unknown 

category”. Cattle with severe rumenitis scores posted a reduction of 0.03 kg/d reduction 

in ADG and 2.20 kg lighter HCW compared to cattle with normal rumen scores.      

Papillae Growth and Development    

 The threat of acidosis is constantly prevalent, especially when processed grains 

comprise a majority of the carbohydrate dense feedlot diets. Since acidosis is the result of 

organic acid production exceeding absorption and passage of digesta, fostering an 

inhospitable drop in pH. As a result, considerable efforts have been made by nutritionists 

and researchers to modify fermentation in an attempt to temper ruminal pH drops 

(Russell and Rychlik, 2001). The other side of the acidosis mitigation equation involves 

enhancing absorption of organic acids. Given that 65 to 75% of a ruminants 

metabolizable energy are absorbed via papillae (Sutton 1979; Bergman, 1990), improving 

absorption has often been viewed as a technique to enhance animal efficiency. 

Collectively, diet transition strategies should not only focus on cultivation of amylolytic 

bacteria within the microbiome, but proper development of papillae and microbiota, to 

improve VFA production and timely absorption. 

     The epithelium is a vital organ with a multitude of essential functions including 

metabolic, absorptive, transportation of nutrients to host animal, and an impediment of 

harmful bacteria to portal circulation. As such appropriate maturation of the microbiota 

and more specifically papillae have been extensively evaluated in calves. The rumen is 

disproportionally underdeveloped at birth, although the size of the rumen improves with 

age, papillae growth can be stunted (Tamate et al., 1962). Proper augmentation of the 

epithelial requires both physical and metabolic stimulation by substrates other than milk 
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(McGavin and Morrill, 1976). Substrates high in physically effective neutral detergent 

fiber provide a “scratch factor” where mechanical digestion stimulates epithelial 

receptors eliciting rumen contractions. This tactile stimulation is imperative to 

development of the muscular tunic which incites an improvement in weight gain of the 

rumen and increases surface area for papillae growth (Hoffman, 1988; Church, 1988). 

Conversely, the absorption of VFA and particularly Butyrate are fundamental for the 

enhancement of papillae size in growing calves (Sakata et al., 1984). During the first few 

days of dietary adaptation of feeder cattle, papillae undergo cellular apoptosis. The 

apoptotic rates appear to curtail as concentrate feeding continues. (Fell and Weekes, 

1974).   

 Upon adolescent completion, diet and VFA availability appears to have the 

greatest influence on papillae size and consequent absorption. A seminal 1985 study 

conducted by Dirksen et al., tracked the rumen morphometrics and the surface area of 

papillae over time of dairy cows consuming restricted and growing diets. Substantial 

papillae enlargement (250%) was achieved following 6 to 8 wk on an energy dense diet, 

netting a 337% improvement of VFA absorption. These results suggest a strong 

correlation exists between surface area and VFA absorption, indicating epithelial 

adaption helps stabilizes ruminal pH. However, the timeline for maximum papillae 

enlargement maybe expedited with a more aggressive diet. In a postpartum dairy study 

conducted by Bannink et al., (2008) management strategies comparing energy 

concentrations were aggressively or gradually stepped up. The cohorts receiving the 

aggressive step up treatment, achieved maximum papillae surface area in 3 to 4 weeks, 

compared 7 to 8 weeks for cows on the gradual adaptation strategy.       
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Given butyrate is the preferred energy substrate of enterocytes, it is cogent to 

surmise that papillae growth is strongly corelated to the availability of the VFA (Blottière 

et al., 2003). Additional butyrate benefits included the demonstrated ability to mitigate 

ruminal epithelial apoptosis (Mentschel et al., 2001). Rarely in molar portions higher than 

10% in the rumen (NRC, 2016), up to 90% of butyrate is metabolized by the microbiota 

(Dijkstra et al., 1993). To no surprise, ruminal epithelium has a greater concentration of  

butyril CoA synthetase compared to acyl CoA synthetase and propionyl CoA synthetase, 

enabling for greater butyrate metabolism. In turn, microflora excrete the end products of 

butyrate metabolism (ketone bodies, acetoacetate, β-hydroxybutyrate) into portal 

circulation, to serve as an energy source for peripheral tissues. On its own butyrate can 

inhibit mitosis, which is the theorem behind sodium butyrate use in various cancer 

treatments. Not surprisingly, in vitro infusion of butyrate has failed to provoke the 

epithelial proliferations documented during in vivo studies (Neogrády et al., 1989; 

Baldwin, 1999). Collectively, butyrate most likely doesn’t directly increase epithelial 

proliferation, but has an associative effect to microbiota propagation via various 

metabolic hormones. Several hormones have stimulated epithelial proliferation in vitro 

including: epidermal growth factor (Baldwin, 1999) glucagon (Gálfi et al., 1993), insulin 

(Gálfi et al., 1993), and insulin-like growth factor-1 (IGF-1; Baldwin, 1999).  

Widely recognized as a potent luminal growth promoter, IGF-1 has reliably 

demonstrated an ability to counteract the mitotic inhibitory effects of butyrate. Increase 

butyrate is highly correlated to IGF-1 plasma concentrations, stimulating papillae growth 

(Zitnan et al., 2005). Additionally, Shen et al., (2004) postulated that the genesis of 

papillae growth was an increase density of IGF-1 receptors on epithelial cells in goats fed 
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a fermentable diet. It is well established that increasing VFA ruminal concentration 

enhances IGF-1 mRNA abundance (Throp et al., 2000; Steele et al., 2009b).  

Megasphaera elsdenii  

There is little debate over the improved animal productivity and economic 

benefits of concentrate realimentation of cull cows. However, practical application of 

rapidly stepping up grain inclusion in cull cows still presents multiple hurdles. Empirical 

evidence suggest the greatest G:F and ADG is realized during short feeding durations, 

those analogous with targeting lean cow markets (Swingle et al.,1979; Sawyer et al., 

2004). Which is a prudent proposition considering it is analogous with the duration 

generally associated with compensatory growth (NRC, 2016). The major drawback of 

short realimentation durations, is that step up or adaption phase could constitute up to 

50% of the total finishing period (Matulis et al. 1987). With most consultants promoting a 

3 to 4 wk step up period (Samuelson et al., 2016), safely providing enough caloric density 

to maximize an animal’s genetic potential for compensatory growth is a tenuous 

proposition. As such, methods to safely govern the rumen microbiome during an 

expedited dietary step up transition have been explored. Stabilization of ruminal ph., 

fostering proliferation of favorable bacteria communities have led to recent investigations 

of essential oils, enzymes, buffers, synthetic amino acids, direct fed microbials and 

probiotics (Azzaz et al., 2015). 

Less than 1/3 of cultured ruminal bacteria can ferment lactate as an intermediate 

among the most prevalent is Megasphaera elsdenii. An aerotolerant, gram-negative 

bacterium that belongs to the firmicutes phyla, M. elsdenii uses lactate, maltodextrins, 

amino acids, as substrates to produce propionate, acetate, butyrate, and branched chain 
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VFA. Numerous specialize strains of M. elsdenii are inherit to ruminants and with each 

demonstrating a unique spectrum of substrate preference. Although M. elsdenii 

participates in conjugated fatty acid creation via biohydrogenation (Kim et al., 2002) and 

protein deamination (Wallace, 1986), lactate fermentation is the principal reason behind 

the extensive investigations of the obligated anaerobe (Elsden et al., 1953). Dichotomy of 

individual strains exist, but M. elsdenii preferentially selects lactate over glucose as a 

substrate (Weimer and Moen, 2013). 

Since the ideal pH growth range of M. elsdenii (5.0 to 6.5) mirrors that of lactate, 

it’s a prudent probiotic candidate for ecological control of acidosis. In low ruminal pH, 

most bacterium, utilize the H+-ATPase pump to expel H+ in attempt to maintain a 

favorable intracellular environment. Extremely low pH triggers futile cycling of H+, 

across the concentration gradient and the cell is deenergized leading to lysing of the 

bacteria. In contrast, because M. elsdenii can lower its intracellular pH, energy is 

economized and can be used for proliferation (Russell, 1991). Given the durability of M. 

elsdenii it’s not surprisingly, the primary ruminal lactic-acid utilizer. A culture in vitro 

study conducted by Counotte et al. (1981) attributed 73% of lactate disposal to M. 

elsdenii. Unfortunately, concentrate density of rations must reach 60 – 70% before 

colonization of M. elsdenii markedly increase (Huber et al., 1976; Fernando et al., 2010), 

jeopardizing the species’ effectiveness during diet adaptation.  

M. elsdenii NCIMB 41125 (Lactipro Advance)  

 The lactate disposal abilities of different strains of M. elsdenii have been studied 

in vitro for years. Numerous attempts were made to identify a strain of M. elsdenii for use 

as a direct-fed microbial for acidosis control. A confluence of factors led to their 
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downfall including inadequate growth and production rates at low pH, failure to 

demonstrate an affinity to both lactate and monosaccharides, inability to favor lactate as 

an energy substrate over hexose, susceptible to futile cation cycling via ionophore 

inclusion, or strains were not isolated from rumens consuming high concentrate diets 

(Horn et al., 2009). Lactipro Advance (MS-Biotec Inc., Wamego, KS) is a patented 

probiotic containing M. elsdenii NCIMB 41125. Extensive research revealed M. elsdenii 

NCIMB 41125 as the most commercially applicable strain for its oxygen tolerance, 

exponential proliferation rate, (0.938/h; Horn et al., 2009) provoking a 0.39 g (L/h) 

biomass production, robust pH tolerance (μmax at pH = 4.5; ARC/Kemira Phosphates, 

2006), predilection of lactate utilization over glucose (ARC/Kemira Phosphates, 2006; 

Horn et al., 2009), and its fortitude in the presence of ionophores and anthelmintics  

(ARC/Kemira Phosphates, 2006; Apajalahti & Alaja, 2008; Apajalathi et al., 2008; 

Rinttilä et al., 2009). The ability of M. elsdenii NCIMB 41125, to withstand ecological 

irritants, such as oxygen during oral dosing, and then quickly colonize and replicate in the 

rumen is fundamental to commercial success. Additionally, in vitro growth rates at 4.5 

pH, which is practically the nadir of acidosis, suggests the M. elsdenii NCIMB 41125 

should dependably convert lactic acid to weaker VFA acids. 

 Despite most strains of M. esldenii, using the acrylate pathway to convert lactate 

to propionate, isolate NCIMB 41125 produces acetate. A review conducted by Messnier 

et al., (2010), theorized that depressed ruminal pH would suppress the activity of 

fiberolytic bacteria, creating a deficit in acetate production. The authors argued M. 

elsdenii NCIMB 41125, could help address this shortfall during acidotic conditions. It is 

this authors contention under normal ruminal conditions, the additional production of 
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acetate could help facilitate live weight gain, as propionate is a precursor to glucose, 

which can stimulate negative chemostatic feedback loops, expediting intake suppression. 

However, specific VFA production of M. elsdenii NCIMB 41125 is dictated by ruminal 

pH, dilution and passage rate (Messnier et al., 2010).     

Microbiome characteristics following M. elsdenii NCIMB 41125 application  

 Numerous attempts have been made in vivo and in vitro to quantify the 

microbiome response to M. elsdenii NCIMB 41125. An in vitro study conducted by 

Kettunen et al., (2008), evaluated the effects to M. elsdenii NCIMB 41125 administration 

on a traditional dairy diet (50% corn silage, 25% barley meal, and 25% soyabean meal). 

The inoculum, of M. elsdenii NCIMB 41125 was administered to in vitro vessels at a 

concentration of 3.1 × 106 CFU/mL. Vessel addition of M. elsdenii NCIMB 41125, 

provoked a slight improvement of 0.18 units at 12 h post inoculation, with a more 

profound effect observed in mitigating lactic acid concentration to 8.2 and 0.5 mM/L at 6 

and 12 h compared to 21.0 and 25.0 mM/L for controls. Although pH values of both 

treatments were suitable for fiberylotic bacteria (lowest pH recorded = 6.07), M. elsdenii 

NCIMB 41125 appeared to be equipped to dispose lactate and promote ruminal health.  

 A similar in vitro study was conducted by Henning et al., (2010b), evaluating 

ruminal pH and lactate concentration in a vessel with an analogous energy level as a 

feedlot diet. The base of the substrate utilized was roughage, but vessels were dosed with 

a high concentration of maltose prior to application of 5 × 105 CFU/mL of M. elsdenii 

NCIMB 41125. Additionally, two major pH thresholds were evaluated ≤ 6.0 (depressed 

fiberylotic bacteria activity) and ≤ 5.0 (acute acidosis). During the 24 h duration of the 

study, control vessels spent 13.1 and 8.59 h at or below pH of 6.0 and 5.0, respectively, 
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juxtaposed to 9.69 and 5.22 h for treatments receiving M. elsdenii NCIMB 41125. 

Beyond the aforementioned significant values, lactate concentrations for control vessels 

were 6, 37, and 36 mM/L at 2, 6, and 12 h, compared to 1, 0, and 0 mM/L for treatments 

inoculated with M. elsdenii NCIMB 41125.  

   A trio of in vivo feedlot adaptation studies were conducted at Kansas State 

University, to evaluate the efficacy of M. elsdenii NCIMB 41125. A study conducted by 

McDaniel et al., (2009) evaluated the appropriate dosage rate of M. elsdenii NCIMB 

41125. Cattle were aggressively stepped up to a 94% concentrate diet over a truncated 

adaptation period. Fistulated steers were administered: 0 mL (control) 10 mL (1.62 × 109 

CFU), 100 mL (1.62 × 1010 CFU), or 1000 mL (1.62 × 1011 CFU) of M. elsdenii NCIMB 

41125. Control cattle exhibited significantly lower ruminal pH for the first 4 d of the trial 

with a lactate concentration peak observed on d 3, at 50 mM.  Superior populations of M. 

elsdenii were recorded for the first 9 d of the study for all inoculated treatments compared 

to controls. On d 15, all cattle were fasted for 24 h and subsequently challenged with 

grain engorgement. Fistulated steers administered 1000 mL of M. elsdenii NCIMB 41125 

were the only treatment that remained above a 5.5 pH for the duration of the final grain 

challenge. These results suggest that a high dosage of M. elsdenii NCIMB 41125 is 

needed for robust colonization, and to in turn help mediate ruminal pH.  

Henning et al. (2010b) conducted a metabolism study of sheep previously 

consuming roughage diets. A grain challenge was simulated by directly introducing 1000 

g of corn and 300 g of maltose to the rumen through a cannula. An hour following the 

challenge, cannulas were reopened and administered 100-mL of a placebo or 1011 CFU of 

M. elsdenii NCIMB 41125. Through the duration of the challenge sheep receiving M. 
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elsdenii NCIMB 41125 posted ruminal pH ≥ 5.5 compared to cohorts receiving a 

placebo, that displayed ruminal pH ≤ 5.0 from 8 to 24 h post-challenge. Lactic acid 

concentrations never exceeded 10 mM in the strain 41125 administered treatment 

compared to controls who showed a precipitous increase peaking at 55 mM/L at 10 h. 

Consequently, subsequent intake of sheep receiving M. elsdenii NCIMB 41125, were 

significantly higher than controls.   

In a follow up to the sheep grain challenge, Henning et al. (2010a), administered 

M. elsdenii NCIMB 41125 to steers prior to a 20 d step up program. Significant 

differences were not detected between controls or M. elsdenii NCIMB 41125 inoculated 

cattle, despite the high caloric density of the diet (94% concentrate). Despite failing to 

achieve significant power, large numerical differences existed between groups as ruminal 

lactate concentrations were 20.8 and 10.1 mM/L for control cattle compared to 0.34 and 

0.45 mM/L on d 2 and 3 respectively for steers dosed with M. elsdenii NCIMB 41125. 

Interestingly, inoculation of M. elsdenii NCIMB 41125 numerically appeared to generate 

a greater frequency of butyrate, which could lead to increase papillae area and VFA 

absorption.  

Collectively, the results of the trio of studies suggest that the success of M. 

elsdenii NCIMB 41125 is dose dependent, but capable of regulating ruminal pH and 

Lactate concentrations 2 – 4 d post inoculations. Following this timeline, cattle are 

dependent on population growth of the slower adapting endogenous M. elsdenii (Rinttilä, 

2008). This suggests that oral drenching of M. elsdenii NCIMB 41125 maybe effective at 

combating acute acidosis, commonly identified during dietary transition, but unable to 

contend with the cyclical nature of reoccurring sub-acute acidosis.   
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Finally, Muya et al., (2015) evaluated the effect of M. elsdenii NCIMB 41125 

dosing on ruminal development, VFA production and circulating β-hydroxybutyrate in 30 

dairy calves. New born calves were fed for 42 d and segregated into either a control 

treatment or received an oral gavage containing 50 mL of M. elsdenii NCIMB 41125 (108 

CFU/mL) at d 14 of age. Following a 3 d of colostrum feeding, calves were granted 

limited access to whole milk and a starter diet, on d 14 cattle designated to the treatment 

group were drenched with the probiotic. Calves dosed with M. elsdenii NCIMB 41125, 

had improved DMI, weaning weight, and a tendency for a higher ADG. Jugular 

venipuncture revealed greater β-hydroxybutyrate levels for calves following M. elsdenii 

NCIMB 41125 drenching on d 14. On d 42 a subset of 7 calves were harvested to collect 

rumen morphometric data, and tissue samples from the dorsal and ventral sacs. Calves 

supplemented with M. elsdenii NCIMB 41125 posted greater reticulo-rumen weights, 

papillae width and papillae density although no differences in papillae length or rumen 

wall thickness was detected compare to controls. The latter of which was not surprising, 

considering muscular tunic development is dependent on mechanical digestion of 

feedstuffs, and not on the absorption of VFA (Church, 1988). Aggregate VFA production 

did not differ amongst treatments, but cattle dosed with M. elsdenii NCIMB 41125, had 

greater butyrate production than controls, enabling an improvement in epithelial 

absorptive area, fostering an improvement in animal gain and efficiency. 

Collectively, M. elsdenii NCIMB 41125 has routinely provoked promising results 

under the controlled laboratory settings of in vitro studies. However, in vivo results over 

a spectrum of diets and animal types expose conflicting results of M. elsdenii NCIMB 

41125 inoculation. Clearly, M. elsdenii NCIMB 41125 is capable of disposing lactate, but 
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questions exist over the ability of the strain to colonize and sustain in a dynamic ruminal 

ecosystem amongst fierce competition from profuse microflora species.  

Performance Traits following M. elsdenii NCIMB 41125 application  

 Although M. elsdenii NCIMB 41125 has demonstrated an ability to alter the 

ecological dynamics of the continuous fermentation system of the rumen, its impact on 

live animal performance needs additional resolution. Several studies reported 

discouraging results, alluding to poor ruminal vitality of the strain. The use of M. elsdenii 

NCIMB 41125 was evaluated in a natural finishing program by McDaniel et al., (2010). 

The collaborators failed to detect any significant differences in carcass characteristics or 

performance parameters. These dispiriting results concur with a 2 x 2 factorial designed 

study investigated by Leeuw et al., (2009) who quantified low (2%) and high roughage 

(8%) feedlot diets with and without M. elsdenii NCIMB 41125. Cattle designated for M. 

elsdenii application received 200 mL of medium containing 109 CFU/mL of the NCIMB 

41125 strain. No significant interactions between variables were detected and M. elsdenii 

NCIMB 41125 failed to provoke a difference in carcass traits. However, application of 

M. elsdenii NCIMB 41125 improved G:F and ADG between wk 3 and 5, but no 

significance were distinguished during the rest of the 13 wk trial. This is juxtaposed to in 

vitro and in vivo trials that report M. elsdenii NCIMB 41125 only provoking 

improvement during the first few days post administration. These data suggest although 

strain NCIMB 41125 was unable to modify immediate performance, it may have 

expedited the growth of endogenous M. elsdenii. Finally, cattle administered M. elsdenii 

NCIMB 41125 tended to post lower incidence of bloat, diarrhea and morbidity rates.   
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The performance records from the pair of studies conducted by Henning et al. 

(2010a, 2010b) report perplexing results. These trials evaluated the application of M. 

elsdenii NCIMB 41125 on both lambs and steers as they transitioned from forage to 

concentrate diets. In the first study, prior to the acidosis challenge, sheep were consuming 

a basal hay diet with a supplement formulated to satisfy mineral and protein 

requirements. Half the cohorts received a 100-mL dose of M. elsdenii NCIMB 41125 

(106 CFU/mL) directly infused into the rumen through a canula on d 1 and 2. All sheep 

were enabled ad libitum access to a corn base concentrate ration throughout the trial. 

Application of M. elsdenii NCIMB 41125 led to greater concentrate DMI, increased 

ruminal pH, and lower lactate frequency, but failed to achieve an ADG response. In the 

second study, the authors employed 12 steers that were either administered: 1.72 × 109 

CFU/dose, 1.72 × 1010 CFU/dose, or 1.72 × 1011 CFU/dose of M. elsdenii NCIMB 41125. 

Compared to negative controls, steers dosed with M. elsdenii NCIMB 41125 posted 

superior ADG over the 37-d trial. No statistical differences were present between dosage 

concentration, suggesting that 1.72 × 109 CFU/dose of M. elsdenii NCIMB 41125, maybe 

the most prudent administration rate.  

Drouillard et al. (2012) explored using M. elsdenii NCIMB 41125 to expedite the 

step-up process in feeder cattle. Receiving cattle were organized into a 2 x 2 factorial 

designed and transitioned to a finishing diet over either an 8 or 17 d period. Despite a 

trend for enhanced carcass ADG, no live performance parameter was improved by M. 

elsdenii NCIMB 41125 application in either step up period.  

The dissertation work of Miller (2013) evaluated the health status and 

performance characteristics of high-risk feeder cattle during an accelerated diet 
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adaptation period. Cattle designated as treatments were orally dosed with 100 mL of 109 

CFU/mL at initial processing for all 4 trials. In the first experiment, 314 heifers were 

transitioned to a high concentrate diet over 21 d, oral drenching of M. elsdenii NCIMB 

41125 failed to provoke any significant advantages. Suggesting, that M. elsdenii NCIMB 

41125 is only effective in situations where cattle are aggressively transitioned. In 

experiment 2, 443 steers were either stepped up over an 18-d period without a probiotic 

or orally drenched with M. elsdenii NCIMB 41125 and immediately started on a finishing 

diet (0 d step up). Beyond requiring less forage for adaptation, the 0 d step up cattle 

drenched with M. elsdenii NCIMB 41125, tended to have lower DMI and similar ADG. 

The depression of DMI is most likely a function of receiving cattle drenched with M. 

elsdenii NCIMB 41125 eating to their “chemostatic fill” as opposed to more traditional 

feeder cattle consuming bulkier diets which regulate intake via “physical fill”. The author 

also noted the practical advantages of drenching with M. elsdenii NCIMB 41125 

including the elimination of transition diets, which can reduce wear and tear on 

equipment that are often sensitive to bulky forage feedstuffs.  

Experiment 3 utilized 1294 Mexican born steers, with alternating cattle receiving 

and oral dosage of M. elsdenii NCIMB 41125 during initial processing. Cattle were 

provided ad libitum access to a conservative 55% concentrate diet. Application of M. 

elsdenii NCIMB 41125 tended to reduce the frequency of bovine respiratory disease but 

failed to capture any performance improvements. In his final study, Miller (2013) used 

504 bulls (castrated at initial processing) and 141 steers, originating from Texas. Cattle 

were treated in the same manner as describe during experiment 3, however M. elsdenii 

NCIMB 41125 drenching provoked an improvement in ADG, G:F and greater DMI. The 
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documented augmentation in live performance parameters maybe the result of M. elsdenii 

NCIMB 41125 drenching lowering the frequency of 1st and 2nd therapeutic treatments by 

31% and 33% compare to controls.      

Collectively, the work of Miller (2013) suggest that the efficacy of M. elsdenii 

NCIMB 41125 is dependent on diet, and adaptation approach. It appears that M. elsdenii 

NCIMB 41125 enables accelerated adaption of receiving cattle to finishing diets and can 

improve health and performance during the receiving period. 

 More recently, Thieszen et al., (2015) evaluated 5 different dosage rates of M. 

elsdenii NCIMB 41125 (Lactipro) on 240 heifers transitioning from a starter (60% 

concentrate) to a finishing diet (80% concentrate). Cattle were stratified into groups 

receiving oral dosage rates of 0, 25, 50, 75 or 100 mL of Lactipro at initial processing. 

Cattle were adapted to the starter diet prior to study initiation, followed by lactipro 

drenching and subsequent introduction of the finishing diet. The Rumenocentesis method 

was used to harvest ruminal fluid at 5, 10, 15, 20, 25, and 30 h following cattle access to 

the finishing diet. Cattle dosed with 25 or 50 mL of Lactipro had improved feed 

efficiency, although surprisingly no differences were detected among treatment for DMI 

or ADG. Improvements in ruminal pH were not distinguished until 25 h post inoculation, 

when heifers dosed with 75 or 100 mL of Lactipro posted greater numerical values. 

Confounding VFA profile results were also observed. No differences in acetate 

production was detected across the timeline for any treatment. Propionate concentrations 

were greatest at 25 h for 75 and 100 mL Lactipro treatments. An increase in butyrate was 

detected at 20 h for the 50 mL of Lactipro treatment. Finally, the concentrations of 

valerate and total VFA production were highest for cattle dosed with 50 mL of Lactipro 
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at 20 h post inoculation. Given M. elsdenii strain NCIMB 41125 does not use the acrylate 

pathway, elevated propionate concentrations at 25 h is vexing. To add to the 

consternation, despite a linear dosage rate, no clear trends in VFA profile concentration 

exist. These data suggest that Lactipro needs to be dosed at greater than 75 mL to 

regulate ruminal pH and dissipate lactate accumulation. It is entirely possible that the 

larger size of the cattle used in the current study (~ 500 kg) compared to traditional feeder 

cattle (~300 kg), necessitated the greater dose. Additionally, the inherit disparity between 

individual animal’s microbiome, may make VFA profile extrapolation untenable.  

 An interesting experiment conducted by Ellerman et al., (2017) measured 

performance and ruminal parameters in 435 steers stepped up over 22 d with no probiotic 

or 10 d with M. Elsdinii NCIMB 41125. Cattle adapted over 10 d were further allocated 

depending on the form of delivery of M. Elsdinii NCIMB 41125. The probiotic was 

administered as 1) fresh culture, 2) rehydrated freeze-dried lyophilized culture, or 3) bunk 

top dressed as a lyophilized freeze-dried culture powder in the 156-d trial. Although the 

randomized block designed was not a true direct comparison, no significant differences 

for feedlot performance or carcass characteristics were declared between the traditional 

22 d step up treatment vs the pooled 10 d step up treatments with M. Elsdinii NCIMB 

41125. Ruminal health was assessed 26 h following dietary transition via rumenocentesis. 

Harvested fluid from cattle receiving M. Elsdinii NCIMB 41125, featured greater lactate 

disposal and butyrate production. Both of which bodes well for papillae development, 

and consequent VFA absorption. Additionally, a subset of cattle were administered a 

radio frequency bolus to record ruminal pH.  Rehydrated M. Elsdinii NCIMB 41125 

treatments logged significantly higher ruminal pH compared to fresh culture treatment 
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and controls following the step-up period. Forecasting for potential commercial use, the 

additional ecological ruminal control of freeze-dried M. Elsdinii NCIMB 41125, is 

certainly promising. However, ruminal pH never fell below the threshold commonly 

associated with subacute acidosis (5.6 pH) for any treatment during the dietary adaption 

phase. Suggesting the muted performance response of M. Elsdinii NCIMB 41125 maybe 

the result of comparison to a conservative 22-d step up protocol.   

There is little consensus amongst the literature of the impact of M. elsdenii 

NCIMB 41125 on feedlot performance. Much of the performance discrepancy can be 

attributed to the dichotomy in diets, adaptation periods, and inherit differences amongst 

cattle types. In many cases were significant differences were not achieved by M. elsdenii 

NCIMB 41125, authors failed to see clinical signs of acidosis in negative control 

treatments. Despite the paucity of studies, it is apparent that aggressive, accelerated 

adaptation is needed to detect the advantageous effects of M. elsdenii NCIMB 41125 on 

performance factors.  

Summary   

Although previously on an exclusive forage-based diet, cull cows must hastily 

adapt to rapidly fermentable carbohydrates, introduced in the form of cereal grains. The 

additional caloric density of these diets enables a higher proportion of energetically 

favorable VFA production. The ruminal formation of propionate at the expense of 

acetate, enhances calorie economy, by reducing carbon loss often in the form of methane 

gas. This favorable shift in VFA production is predicated on the establishment of 

amylolytic communities in the rumen. In contrast, the failure of the sensitive ecosystem 

of the rumen to adapt to energy dense, carbohydrate base diets prompt an accumulation 
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of organic acids, depressing pH to acidotic levels, and causes bacterial lysing (Russell 

and Rychlik, 2001).        

There is no debate that the greatest efficiencies in gains are observed during the 

first 45-60 d of realimentation. This timetable concurs with the traditional arc of 

compensatory gain (NRC, 2016). Beyond strategizing to capitalize on historic seasonal 

trends, every technological tool should be employed to hasten the step-up period and 

exploit lower metabolic energy requirements of thin cull cows. Given this agenda, the use 

of β-agonists and M. elsdenii NCIMB 41125 appears to be a cogent management decision 

to augment animal performance. However, little harmony exists amongst available 

literature for the employment of these metabolic modifiers during realimentation 

regiments.      
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CHAPTER III 

 

INFLUENCE OF RACTOPAMINE HYDROCHLORIDE AND DAYS ON FEED 

ON FEEDLOT PERFORMANCE AND RED MEAT YIELD IN THIN CULL 

BEEF COWS TARGETED FOR A LEAN MARKET 

 

Abstract  

 Thin, beef, cull cows (n = 144; initial BW = 465.8 ± 56.9 kg, initial BCS = 2.13 ± 

0.68) were serially slaughtered to evaluate the relationship between ractopamine 

hydrochloride (RH) administration and days on feed (DOF) on feedlot performance and 

carcass cutout value in a lean cow market. Cows were organized into a 3 x 2 factorial 

arrangement of treatments (48 pens, 8 pens/treatment, 3 cows/pen), and blocked by body 

weight nested within pregnancy status. Treatment pens were top dressed 400 mg∙animal-

1∙d-1of RH (Actogain 45; Zoetis, Parsippany, NJ) for the final 28 d prior to slaughter to 

cows spending 28, 42, or 56 DOF. Pen served as the as the experimental unit, for all 

calculations. No RH × DOF interactions were detected (P ≥ 0.11), indicating that despite 

a majority of compensatory gain occurring during the first 28 d of the trial, the magnitude 

of the RH response was not affected by DOF. Compared to controls, RH incited 

improvements in feedlot performance, but, had a greater extent on carcass weight gain 

and efficiency. Specifically, RH improved ADG by 13.7% (P = 0.04) and carcass ADG 

by 16.9% (P = 0.02). Cattle fed RH displayed a 15.5% improved gain to feed ratio (P = 

0.02) and a 20% improved carcass gain to feed ratio (P = 0.05).  Inclusion of RH in the 

finishing diet increased HCW by 4.5% (P = 0.05; 12.9 kg). However, supplementation of 

RH did not alter red meat yield (P ≥ 0.16), but, provoked a 11.1% improvement in lean 
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maturity (P < 0.01). Evaluation of the main effect of DOF provided insight into the 

compensatory state of beef cull cows on a high concentrate diet. Serial slaughter offal 

weights presented confounding results. With additional DOF a numerical increase in liver 

weights (P = 0.20), suggested organ tissue replenishment occurred throughout the trial, 

and cattle experienced compensatory gain during the entire feeding phase. In contrast, 

lung and heart weights were not altered, while kidney tended to decrease linearly (P = 

0.08) despite additional DOF. Furthermore, extending DOF generated a linear increase in 

DMI (P < 0.01) yet a tendency for a decline in ADG (P = 0.10), reinforcing the premise 

that most of compensatory gain occurred during the first 28 d of the trial. If thin (BCS ≤ 

3), healthy candidates can be finished, feeders can reap the benefits of an additive 

relationship between compensatory gain and ractopamine hydrochloride. 

 

Key words: Beta agonist, compensatory gain, cull cow, serial slaughter, ractopamine 

hydrochloride, days on feed 
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Introduction 

 

Typically accounting for up to 20% of a cow calf enterprises gross revenue 

(NCBA, 2016), economic analyses suggest a near $70 loss for each non-concentrate fed 

cow sent to slaughter (Schnell et al., 1997). Customarily, producers sell cull cows at the 

nadir of their annual body weight (BW), most often following weaning, due to poor 

performance or reproductive inefficiency. The high metabolic demands of lactation in 

concert with nutrient restriction, often causes fat and muscle tissue to be catabolized, 

lowering cull cow pay weight. This paradigm can also be viewed as an opportunity due to 

lower metabolic nutritional requirements and subsequent compensatory growth. The 

reduction of NEm following nutrient deprivation has been attributed to viscera tissue 

catabolism, (Burrin et al., 1989) and modified cellular ion pumping (Lobley et al., 1992). 

Not surprising, Freetly and Nienaber (1998) found that cull cows are often thin and can 

experience rapid growth on high concentrate diets due to pronounced caloric economy 

and nitrogen retention.  

Realimentation featuring high energy diets has increased cull cow carcass red 

meat yields (Cranwell et al., 1996; Schnell et al., 1997). This lean tissue accretion may be 

further amplified with the supplementation of β-adrenergic agonists (β-agonists).  More 

specifically, ractopamine hydrochloride (RH), a β-agonist approved for beef cattle use in 

the United States, has increased the saleable yield of beef carcasses in young cattle 

(Howard et al., 2014). Although research quickly identified the potent effects of RH 

supplementation, given the variance in concentration, duration, sex and age in studies, the 

repartitioning effects of protein and lipid metabolism vary greatly. Inclusion of RH in 

traditional cattle diets elicits a significant improvement in ADG and feedlot efficiency 
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(Avendano-Reyes et al., 2006; Pyatt et al., 2013a), however there is less consensus of RH 

effects on mature cull cows. Despite the advantageous response of cull cows to zilpaterol 

hydrochloride (Strydom and Smith 2010; Lawrence et al., 2011), no statistical 

performance advantage of RH fed culls has been routinely published (Carter et al., 2006; 

Dijkhuis et al., 2008; Holmer et al., 2009; Weber et al., 2012). The disparity between the 

β-agonists maybe due to a decrease in density of β1-AR and increase in levels of β2-AR 

in skeletal muscle tissue as cattle age (Johnson, et al., 2014). Consequently, the purpose 

of this study was to evaluate the relationship between RH and compensatory gain in beef 

cull cows. Given this agenda, cows were serially harvested to extrapolate the arc of 

feedlot performance, carcass characteristics, and red meat yield across added days on 

feed (DOF) in order to ascertain their maximal value for a lean market.                  

 

 

Materials and Methods 

 

 All procedures of live animals were approved by the Texas Tech Institutional 

Animal Care and Use Committee (16051-05). 

Cattle  

A total of 203 mature beef cull cows were transported on five semi-loads to the 

Texas Tech Beef Center Teaching and Research Unit in New Deal, TX on May 24th, 

2016.  Eighty-three cows were sourced from a West Texas Ranch, 40 cows from a 

Wyoming sale barn, 40 from a Nebraska sale barn and 40 from an Oklahoma sale barn. 

After arrival, cows were palpated by a professional embryologist to determine pregnancy 
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status and projected length of gestation and scanned for carcass estimates (rib fat 

thickness, ribeye area, and intramuscular fat percentage) by a Ultrasound Guidelines 

Council certified carcass ultrasound technician.  Shrunk body weight, body condition 

scores (BCS), chute disposition score and general thriftiness notes were recorded on each 

candidate.    

The 144 cows selected for inclusion, were either non-pregnant or ≤ 4 months 

bred, ranged in visual body condition score from 2 to 4, scanned less than or equal to 6.35 

mm of fat thickness, appeared structurally sound, healthy, and not physically weak, and 

did not have unmanageable dispositions. Chute scores and exit velocity has been 

recognized as a reasonable precursor of cattle temperament. Cattle were assigned a 

subjective chute score of 1 to 5, using the method outlined by Curley, et al. (2006). Cows 

designated with chute scores 4 and 5, were precluded from use in the trial.   

Experimental Design  

Cows were stratified into a 3 x 2 factorial arrangement of treatments and blocked 

by pregnancy status (open or ≤ 4 months bred) and BW nested within pregnancy status. A 

total of 8 blocks, with 5 representing open cows and 3 containing bred cows were 

organized in 48, 3-animal pens. Pens were randomly divided into treatments such that 

half of the cows on trial were fed 400 mg∙animal-1∙d-1 of RH (Actogain 45; Zoetis, 

Parsippany, NJ) for the last 28 d while the remaining half were designated as controls and 

received no RH. Cows were serially harvested after three feeding duration periods (28, 

42, or 56 DOF).    
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Cattle Management 

Prior to trial initiation all cattle were provided ad libitum access to round grass 

bale hay (WW-B. Dahl Bluestem; Bothriochloa bladhii) and water. On June 1, 2016 (d 1) 

cows designated to the study were reweighed individually and administered a trenbelone 

acetate/estradiol combination implant (Synovex Plus; Zoetis, Parsippany, NJ); 2) and an 

oral anthelmintic (Valbazeen; Zoetis, Parsippany, NJ). Cows were housed in soil surface 

pens (3 x 15.2 m) and which individual allocated 1 m of linear bunk space. Two diets 

were fed during the trial (Table1): All pens were top-dressed with 0.45 kg of ground corn 

per cow/d during the final 28 days of each finishing period. This ground corn was a 

carrier for pens assigned to the RH treatment and was formulated to contain 400 

mg∙animal-1∙d-1 of RH (Actogain 45). No RH was included in the ground corn for pens 

designated to the control treatment.   

On the first day of the study, cows were fed approximately 1.5% of their BW on 

an as-fed basis of the starter diet top-dressed over grass hay (2.3 kg hay/cow). Over a 5 d 

period cows were aggressively stepped up to increase intake of the starter diet to 2.0% of 

their BW on an as-fed basis, while supplemented hay. The following 5 d served as a 

transition period as hay was excluded and the starter was blended with the finishing diet. 

The d 6 blend contained a 75:25 starter to finisher ratio on a dry matter (DM) basis, the d 

7 blend contained a 60:40 starter to finisher ratio on a DM-basis, the d 8 blend contained 

a 45:55 starter to finisher ratio on a DM-basis, the d 9 blend contained 30:70 starter to 

finisher ratio on a DM-basis and the d 10 blend contained 15:85 starter to finisher ratio on 

a DM-basis. From d 11 to trial completion cows consumed 100% of the finisher diet. A 

clean bunk management system was utilized, where following two consecutive days of 
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clean bunks cattle were challenged with an additional kg of feed (as-fed basis). Feed was 

delivered daily using a tractor pulled Roto-Mix with a scale which measured within 0.45 

kg. Daily feed records by pen were maintained and daily feed samples were collected and 

stored for DM analysis (forced-air oven for approximately 24 h at 100°C). Weekly 

composite samples were analyzed for chemical composition (Servi-Tech Lavatories, 

Amarillo, TX) and presented in Table 3.1. Water troughs were cleaned twice weekly and 

a daily log was maintained to track health and monitor heat stress. No cows were treated 

for clinical signs of bovine respiratory disease through the duration of the study. On the d 

cattle were designated for harvest, prior to shipment cows were individually weighed and 

assigned a subjective BCS by the same trained evaluator that assessed them at the onset 

of the trial. 

Post-Mortem Data Collection 

Cattle in each serial harvest treatment were shipped on June 29, July 13, and July 

27, 2016 respectively for harvest at Preferred Beef (Booker, TX). At the time of harvest, 

the liver, kidney, lung and heart were weighed and recorded by Texas Tech personnel. At 

24 h post-mortem, carcasses were cut open between the 12th and 13th rib interface by 

plant employees to enable data collection by Texas Tech University Gordon W. Davis 

Meat Laboratory personnel. Measurements assessed and documented were hot carcass 

weight (HCW), loin muscle area (LMA), 12th-rib fat thickness (FT), marbling score, 

lean maturity and skeletal maturity. Calculated yield grade was derived according to the 

standards set forth by the USDA (1997). On the fabrication floor, the ribeye roll 

(Institutional Meat Purchase Specifications (IMPS); 109E), flats (IMPS 120), knuckle 

(IMPS 167), inside round (IMPS 168), eye round (IMPS 171C), strip loin (IMPS 175), 
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sirloin top butt (IMPS 182), and tenderloin (IMPS 189) were weighed and recorded by 

Texas Tech personnel. Additionally, a 2.5-cm-thick steak was removed from the anterior 

end of the strip loin. Steaks were vacuum packaged, frozen at 0° C and later used for 

analysis of proximate composition.   

Prior to proximate analysis, steaks were thawed at 2 to 4°C for 24 h, trimmed to 

remove exterior fat and connective tissue, and ground to obtain an approximate 200 g 

sample. Compositional analysis of fat, moisture, protein and collagen was conducted 

using an AOAC-approved (official method 2007.04; Anderson, 2007) near-infrared 

spectrophotometer (FoodScan 78800, FOSS, Laurel, MD). Fifteen independent readings 

were taken per sample and averaged for the final reported chemical value. 

Statistical Analysis 

Data generated from the study were analyzed as a nested ANOVA with a 2 x 3 

factorial arrangement of treatments using SPSS Statistics 25.0 (IBM; Armonk, NY). Pen 

was designated as the experimental unit for all computations. Factors used to calculate 

carcass ADG, carcass gain to feed ratio (G:F), and carcass ADG:live ADG were derived 

by applying a standard 44% dressing yield to the initial shrunk BW. This value was 

established under the consultation of Travis Herrod (Preferred Beef, Booker, TX, oral 

communication) who conveyed the plant average dressing yield for fresh weaned, thin 

cows that have not been fed a high concentrate diet. Pen average carcass G:F was 

computed as the quotient of carcass gain divided by daily dry matter intake (DMI). Both 

initial ultrasound and final carcass estimations of empty body fat were based on equations 

developed by Guiroy et al. (2002). The effects of RH, DOF, and RH x DOF interaction 

were declared as fixed effects, whereas block was treated as a random effect in the 

https://www.animalsciencepublications.org/publications/jas/articles/92/9/4204#ref-3
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model. Significance is discussed as (P ≤ 0.05); while all (P ≥ 0.06 to P ≤ 0.10) are treated 

as tendencies. 

Weights were shrunk 2 and 4% for all initial and final measurements, 

respectively. Initial weights were derived from averaging the measurements recorded 

during ultrasound (May 30, 2016) and pen assignment (June 1st, 2016). All BCS scores 

were documented in a scale of 1-9, with each number subdivided into 1/3. With + 

denoting the top 1/3 and – denoting the bottom 1/3. For statistical analysis these data 

were transformed to a 27-point scale. Following data analysis, figures were divided by 3 

and reported on a 1-9 scale. To establish changes in red meat yield, raw weights for beef 

cuts where recorded and divided by HCW.  

 Economic computations were measured in US Dollars. A compiled 3-yr (2014-

2016) average live price reported from the Livestock Marketing Information Center of 

the USDA, for “lean and light cows” was used to calculate initial value while “boning 

cow price” was used for final value. Cost of gains were derived from 3-year commodity 

price averages multiplied by pen feeding records. Transportation was priced at $2.33/km 

for a 22,500 kg semi load, which was multiplied by 218 km (average distance reported by 

the 2016 National Beef Quality Audit) to calculate total transport expense. Yardage was 

calculated at $0.25/per cow-d. Expenses associated with death loss were determined by 

multiplying the compiled 3 yr average purchase price by the number of cows that died on 

trial, which was subsequently divided by the number of cows harvested. Interest cost was 

calculated by multiplying total expenses by 4.5% (Colton Long, Vice President, 

Commercial Lending Ag Texas, Amarillo, TX, oral communication). Implants were 

priced at $9.84/per pen and RH was priced at $1.92/per pen-d. Cost of gain, was derived 
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by dividing pen expenses by pen gain. Pen expenses and initial price were subtracted 

from final pen value to calculate net revenue.           

Data analysis excluded 12 cattle that were dead or removed from the study. Five 

cows were found dead during the experiment, with a sixth cow euthanized under 

veterinarian orders. An additional six cows were removed from the study for lameness 

associated with foot rot. In each case, cows refused to consume concentrate diets, were 

extremely weak, and were losing ambulatory functions. These high-risk cows were 

treated for foot rot and in accordance with withdrawal protocols, were not eligible for 

harvest with their treatment groups. Deads and culls were removed from all calculations, 

pen values were averaged to a per animal basis to account for the removal of cattle.  

Collectively, two cows were either removed or died from each of the six treatments. No 

pen had more than one cow removed from the study.   

 

Results and Discussion  

 

The binary objectives of the study were: 1) To elucidate the effects of a potential 

synergetic relationship of RH and compensatory gain in beef cull cows; and, 2) determine 

the duration of the compensatory state in cull cows via varied DOF. No DOF x RH 

interactions were detected for any parameter (P ≥ 0.11). Our initial believe was that RH 

could help extend the growth curve of cattle exiting the compensatory state, benefiting 

longer fed treatments and prompting an interaction. The data presented in Table 3.2 and 

3.7 suggest that longer fed treatments were not experiencing compensatory gain 

throughout the trial. The lack of any DOF x RH interaction implies that the compensatory 
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state does not affect the magnitude of RH response. Accordingly, only the main effects 

will be discussed to address each of the stated objective. Accordingly, only the main 

effects will be discussed to address each objective.  

Live Performance Traits  

Trial performance means are presented in Table 3.2. Treatments fed RH 

documented a 13.7 % increase in ADG (0.36 kg; P = 0.04), and a 16.9% increase in 

carcass ADG (0.34 kg; P = 0.02). With no difference in DMI observed (P = 0.98), RH 

supplementation translated to a 15.5% enhancement in G:F (0.034 units, P = 0.02) and 

outpaced controls by 20% in carcass G:F (0.035 units, P = 0.05). Inferring RH was 

successful at repartitioning nutrients to carcass tissues. 

A recent meta-analysis of 16 trials evaluated the effect of RH supplementation in 

feedlot heifers (Pyatt et al., 2013a). The consortium represented 12,342 heifers, with 

supplementation levels of RH including: 100, 200, and 300 mg∙animal-1∙d-1, over the final 

28 to 42 d prior to harvest. Recorded ADG were 7.8%, 15.7% and 23.5% greater than 

negative controls, as RH inclusion increased from 100, to 200 and 300 mg∙animal-1∙d-1. A 

similar response was documented for G:F, as a 6.3%, 12.5%, and 18.8% increased 

efficiency compared to controls, were observed in heifers supplemented with RH at 100, 

200, and 300 mg∙animal-1∙d-1 respectively. In the present study, cows were supplemented 

with 400 mg∙animal-1∙d-1 but responded comparably to heifers fed between 200 and 300 

mg·animal-1·d-1. It is possible the slightly reduced response to RH observed in the current 

study is a result of the advanced age of the cattle on trial. Gonzalez et al., (2007) 

theorized that the mitigated response of cull cows to RH compared to traditional feedlot 

cattle, was a function of reduced protein synthesis in older animals. The recruitment of 
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quiescent satellite cells to fuse into established muscle fiber, is the driving mechanism 

behind skeletal muscle growth (Collins et al., 2006). With maturation, satellite cell 

populations decrease, as their activation potential diminish. In fact, Gonzalez et al., 

(2007) estimated only 1% of total myonuclei are satellite cells.  

Across the spectrum of cull cow studies, there is little harmony concerning RH 

supplementation. Our findings contradict that of Allen et al. (2009) who saw no 

difference in performance or carcass characteristics of cull dairy cows supplemented with 

312 mg∙animal-1∙d-1 of RH for the final 32 d of a 90 d realimentation period. These 

findings echo the work of Holmer et al. (2009), who supplemented cull beef cows with 

200 mg∙animal-1∙d-1 of RH for the final 32 d of a 57 d finishing trial, and found no 

improvement in ADG. Collectively, indicating that RH may need to be supplemented at a 

rate greater than 350 mg∙animal-1∙d-1 to manifest a performance response in cull cows. 

Additionally, RH and control treatments were pooled to extrapolate the main 

effect of DOF. As the feedlot period was extended, a linear decrease was observed for 

carcass ADG, G:F, and carcass G:F ( P < 0.01), while live ADG portrayed a tendency for 

abatement (P = 0.10). Additional DOF also compelled a linear increase in DMI and final 

BW (P < 0.01). Considered together, this would suggest that the preponderance of 

compensatory growth occurred during the initial 28 d of the experiment. Although the 

magnitude of response for compensatory gain fluctuates, a linear decrease in ADG, and 

G:F is commonly observed as DOF is extended over a short period of time (Schnell et. 

al., 1997; Funston et al., 2003; Sawyer et al., 2004; Weber et al., 2012). Reinforcing this 

narrative, carcass transfer measured as the ratio of carcass ADG:live ADG, chronicled a 

linear decrease with additional time on feed, although the calculated values were not 
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significant (P = 0.27). Underwhelming carcass transfer was surprising considering a 

linear increase in LMA and FT (P ≤ 0.01, data presented in Table 2.4) while organ tissue 

failed to register clear growth trends throughout the trial (data presented in Table 2.7). 

Due to constraints on the harvesting floor, weights of gastrointestinal tracts were not 

captured. The cull cows utilized in the present study were extremely thin, displayed signs 

of muscle atrophy, and were most likely consuming a forage-based diet prior to trial 

initiation. Extremely high DMI may have activated accretion in the gastrointestinal tract, 

mitigating carcass transfer with additional DOF. The postulation is bolstered by the work 

of Matulis et al. (1987) who also recorded a linear increase in DMI, and published a 

53.6% increase in gastrointestinal tract weights, for cows fed 0, 28, 56 and 84 d. The 

authors noted that gastrointestinal weights outpaced HCW gains by 8% throughout the 

trial, which may help explain the numerical decline in carcass transfer in the current 

study.  

In both studies the linear increase posted for DMI may be attributed to the 

deliberate adaptation process of transitioning cull cows from a forage to a high 

concentrate diet. Additionally, the present study’s FT measurements suggest cows were 

not on feed long enough to trigger appetite suppression. It is also possible the increase in 

DMI was predicated by the compensatory state of the thin cull cows. Following dietary 

restriction, realimentation of cattle provokes higher plasma concentrations of IGF-1, 

inciting a physiological desire to increase intake (Yambayamba et al., 1996).  

Continuously elevated DMI from 28 to 56 d under increasing heat loads were not 

expected. During the trial high daily temperatures were measured and recorded by the 

Lubbock International Airport located 14 km from the Texas Tech Beef Research and 
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Teaching Center. The average high daily temperature for each feeding period was 32.74 

°C for d 0 to d 28; 37.66 °C for d 29 to d 42; and 37.0 °C for d 43 to 56. The average high 

temperature was 35.06 °C for the timeline of the entire trial. The results in the current 

study, are surprising considering the findings of Strohbehn and Busby (2009) who noted 

in a 7-yr study, that cull cows fed for a white cow market require an additional 6.7 d to 

reach targeted endpoints during summer months.  

Body and Carcass Composition Parameters 

A summary of the live and carcass composition data are presented in Table 3.3. 

By design, no significant differences were apparent for initial ultrasound generated empty 

body fat, or subjective BCS amongst treatments (P ≥ 0.26). Despite inciting favorable 

live gains, RH supplementation did not shift carcass composition or BCS by the end of 

the feeding period (P ≥ 0.45). As anticipated, added DOF resulted in a linear increase for 

final BCS, and empty body fat, (P < 0.01). The strong linear response of these 

parameters, coinciding with additional DOF upholds the observations of previous studies 

(Rathmann et al., 2012). Given many of the parameters used to estimate BCS are also 

objectively evaluated within the empty body fat equation it’s not surprising changes in 

both measurements are mirrored in the present study.  

Carcass Traits  

A summary of carcass trait means are presented in Table 3.4. In concert with the 

carcass ADG augmentation observed in Table 3.2, cows supplemented RH harvested 

with a 4.5% HCW enhancement (12.9 kg, P = 0.05). Enhanced HCW are the result of 

numerical improvements dressing percent (1.24 units, P = 0.38) and final BW (13.2 kg, P 
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= 0.44) prompted from RH inclusion. Collectively, these figures suggest that RH 

successfully directed nutrients to carcass tissue accretion.  

In growing cattle RH has proved an effective tool for partitioning nutrients 

towards skeletal muscle deposition as opposed to adipose tissue accretion (McNeel and 

Mersmann, 1995; Mersmann, 1998). In the present study, cull cows supplemented RH 

cutout with 5.0% greater LMA compared to controls (3.45 cm2, P = 0.03). A tendency for 

cull cows fed RH to display greater LMA was also reported by (Harboth, 2006). A 

reasonable explanation for greater LMA among RH supplemented cows, could be 

increased diameter of type 1 muscle fibers. A cull cow study conducted by Gonzalez et. 

al., (2007) reported larger LMA cross-sectional area among treatments receiving RH and 

a combination trenbolone acetate plus estradiol implant. The authors postulated that with 

type 1 fibers comprising approximately 30% of the LMA, a 9% improvement in LMA 

could be expected from RH supplementation. Surprisingly, the cull cows in the present 

study, outperformed a recent meta-analysis of traditional feedlot heifers (Pyatt et al., 

2013a, Figure 3.1). Compared to controls, heifers supplemented with 300 mg∙animal-1∙d-1 

of RH posted a 6.40 kg heavier HCW, and a 2.84 cm2 greater LMA. Gonzales et al. 

(2008) noted modest improvements in cull cow skeletal muscle fiber diameter, and no 

changes in β2-AR in response to RH supplementation at varying levels. However, the 

author theorized that RH inclusion needed to be more potent than 300 mg∙animal-1∙d-1 to 

provoke global improvement in muscle cell size of beef cull cows. It is also plausible that 

the impressive carcass performance of mature cull cows in the present study is due to an 

additive relationship between RH and compensatory gain.   
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Factors associated with quality grade were not negatively affected by RH 

inclusion. In fact, RH compelled a trade off in quality factors, as marbling scores were 

numerically reduced by 4.0% (0.13 units, P = 0.45), while lean maturity figures were 

improved by 11.1% (2.85 units, P < 0.01). The findings may be clarified by Holmer et al. 

(2009) who reported feeding RH for 35 d prior to slaughter produced carcasses with a 

brighter color lean compared to cows fed negative control diets. The authors proposed 

that RH supplementation caused rapid declines in pH which hastened protein 

denaturation and that greater protein turnover stimulated a dilution effect of myoglobin.  

In response to extending DOF, linear increases were detected for LMA, marbling 

score, HCW, FT, and calculated yield grade (P ≤ 0.01). Linear improvement of these 

parameters were also noted in serial slaughter studies conducted by Matulis et al. (1987); 

Schnell et al. (1997); and Sawyer et al. (2004), suggesting although the extent can vary, 

additional DOF is a precursor to carcass tissue accretion. Alternatively, LMA/45.4 kg 

responded to additional time on feed by decreasing linearly from 28, 42 and 56 DOF 

(11.46 cm2, 10.88 cm2, and 10.63 cm2, P = 0.01). With the short feeding duration of the 

present trial, it is cogent to speculate that thin cull cows replenish muscle early in the 

feeding period and reach their genetic ceiling for lean tissue accretion rather quickly.  

The linear increase in skeletal maturity (P <0.01) was unexpected and most likely 

the result of unfortunate random block design. Althought the calculated stastic is 

significant, every cow harvest in the study was E maturity, which undermines the 

biological revelance of this particular finding.    

Chemical Composition 
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A summary of proximate analysis means are presented in Table 3.5. Inclusion of 

RH in finishing diets had no significant effect (P ≥ 0.38) on loin muscle composition. 

Previous beta-agonist studies have reported a reduction in collagen levels predicated by 

muscle fiber hypertrophy (Martin et. al., 2014). In contrast, the present study’s findings 

are congruent to the absence of a collagen response to RH observed by Strydom et al. 

(2009) in longissimus steaks from beef steers. The lack of a collagen response was not 

surprising considering RH failed to elicit an improvement in LMA/45.5 kg of HCW. 

Extending the duration of the finishing phase provoked a tendancy for a linear increase in 

percent fat (P = 0.06) but had no impact on any other parameter (P ≤ 0.23). These results 

are in unison with a linear improvement of marbling scores (P <0.01) with additional 

DOF in the current study.       

Fabrication Yield   

A summary of red meat yield means are presented in Table 3.6. Fabricated cuts 

were divided by carcass weight to determine if RH displayed an affinity to redirect 

nutrients to a specified area of the carcass. A significant RH response was not identified 

for any of the 8 cuts recorded in this study (P ≥ 0.16). Although RH was successful at 

increasing HCW (12.96 kg; P = 0.05) and did not alter FT, the data in Table 3.6 along 

with the ratio of LMA/45.5 kg of HCW, indicates the β-agonist employed a global 

improvement in muscle mass to alter the growth curve. The present findings also suggest 

that the β-agonist did not favor lean tissue accretion in locomotive muscles, which 

contradicts a previous study evaluating the saleable yield of carcasses from RH 

supplemented steers (Howard, et al., 2014). Compared to negative controls, RH inclusion 

upgraded red meat yields by 0.61 and 0.86% for steers supplemented 300 or 400 

https://www.animalsciencepublications.org/publications/jas/articles/92/9/4204#ref-39
https://www.animalsciencepublications.org/publications/jas/articles/92/9/4204#ref-39
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mg∙animal-1∙d-1, respectively. Nearly half of the advantageous red meat yield 

improvement, precipitated by RH supplementation, was the result of cuts derived from 

the round (Howard et al., 2014).  

Conversely, extending DOF provoked a linear decrease for cutout percentage of 

eye round (IMPS 171C; P = 0.06) with this trend continued for tender loin (IMPS 189; P 

= 0.06), inside round (IMPS 168, P = 0.09), sirloin top butt (IMPS 182, P = 0.10).   

Collectively, the cutout data presented herein supports the hypothesis that thin cull cows 

replenish muscle tissue early in the feeding phase and subsequently only experience tepid 

red meat accretion gains.  

Organ Characteristics 

  A summary of the means of organ characteristics are presented in Table 3.7. 

Supplementation of RH prompted reduced liver weights (0.705 kg, P = 0.02), this 

impressive figure is amplified when considering β-agonist fed cattle exceeded controls by 

12.96 kg of HCW (P = 0.05) Although comprising of less than 2% of total body weight, 

the energetic tax associated with the liver accounts for 24 % of metabolic energy use 

(McBride and Kelly, 1990). The high-energy requirement is predicated by maintenance 

costs associated with the liver itself, as well as absorption and transportation of nutrients 

for use by other tissues. Furthermore, given gastrointestinal tract growth often exceeds 

live gain in cull cows (Matulis et al. 1987), and are highly correlated to liver weight 

(Johnson et al., 1990), RH ability to incite live weight gain, without increasing DMI, may 

account for the conservative offal tissue measurements and advantageous performance 

registered in Table 3.2.  
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Response of viscera weights to additional time on feed, produced confounding 

results. With additional DOF, a numerical increase of liver (P = 0.20) and heart (P = 

0.27) weights were registered, lending credibility to the notion that compensatory gain 

occurred throughout the duration of the trial. These findings contradict the work of 

Matulis et al., (1987) who noted a quadratic effect of liver weights of implanted cull cows 

fed for 0, 28, 56 and 84 d. Thus, suggesting a majority of compensatory gain occurs early 

in the finishing phase. Data in the present study also corroborate this claim, as kidney 

weights tended to decrease linearly (P = 0.08) implying restoration of catabolized tissue 

was completed prior to d 28. Often associated with a period of accelerated growth, 

following a state of dietary restriction, compensatory gain is commonly used to rapidly 

enhance ADG. It is well established that cattle entering a compensatory gain period will 

replenish organ mass attrition relatively early in the feeding phase (McBride and Kelly, 

1990). Linear decreases in G:F, carcass ADG, and carcass G:F suggest that a majority of 

organ growth occurred during the first 28 d of the feeding period, enabling rapid tissue 

accretion to occur simultaneously. Although the duration of the trial was not long enough 

to achieve a quadratic response of performance parameters, static lung, and decreasing 

kidney weights suggest cull cows most likely exited the compensatory state, relatively 

early within the experiment. It is also possible that continued liver weight growth was 

commensurate with increased DMI as DOF were extended. Regardless of the timing of 

offal mass gain, it is clear the feeding strategy used in the present study capitalized on 

lower metabolic requirements predicated by reduced organ weights. 
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Economic Impact  

A summary of economic value means are presented in Table 3.8. Although RH 

supplementation enabled a 15.6% improvement in G:F (P = 0.02), which help offset the 

additional expense of the β-agonist, our findings suggest RH fed cull cows are more 

effectively marketed on a carcass basis. Numerically speaking, inclusion of RH in 

finishing diets was the precursor to an $11.12 increase in net revenue/cow when 

merchandized on a live weight basis (P = 0.40), juxtaposed to exceeding controls by 

$33.61 on a carcass basis (P = 0.26). Intrestingly, cost/kg live gain tened to decline with 

additional DOF (P= 0.07), which is at odds with linear decline in G:F (P <0.01; Table 

4.2). It appears additional DOF help dilute fixed cost for transportation, interest, and 

death loss. Despite cows apparently achieving most of their compensatory growth during 

the first 28 d of the trial, longer fed treatments still activated a linear increase for live (P 

=0.03) and a tendancy for carcass revenue/cow figures (P = 0.09). Although the arc of 

live revenue/cow from d 42 to 56, appears to be approaching a quadratic (P = 0.32). 

Encouraging net revenue figures for extending the realimentation period to 56 d, 

forecasts as providing market flexibility to combat price fluctuations or varying optimal 

lean endpoint premiums/discounts. These results are more promising when considering 

the advanced age of the cattle on trial (all cows were E skeletal maturity), since it is 

established older cows are less efficient on high concentrate diets (Sawyer et al. 2004). 

Collectively, suggesting that feeding cull cows for a lean market can be a solvent 

practice, and that RH is a potent tool to further augment economic gains.    
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 Implications  

A confluence of factors led to the cows utilized in the current study chronicling 

impressive ADG regardless of treatment application (average 2.79 kg ±0.64). Exorbitant 

gains were also published by Faulkner et al., (1989) who published a 2.74 kg ADG for 

cohorts finished for 42 d. As such short, high intensity feed regimens forecast as a 

promising enterprise. Despite the timeline employed in the study not aligning with 

seasonal price trends, the cows herein were able to linearly increase DMI throughout the 

56 d summer finishing phase, and exploit compensatory gain potential resulting in 

substantial linear live and carcass weight gains, empowering impressive return on 

investment. Nevertheless, it appears that the majority of organ and muscle mass attrition 

was replenished in the first 28 d of the feeding period especially given that both live and 

carcass feed efficiency was maximized during this timeline. Although the present study 

evaluated cattle targeted for a lean market, visually carcasses displayed white 

subcutaneous fat, prompted by thin cows entering the study with negligible levels of fat 

prior to concentrate exposure. Therefore, opportunities may exist for thin cows to be fed 

for a shorter duration, and still qualify for traditional white fat cow markets and better 

capitalize on cost of gain advantages.  

The magnitude of the RH response was not dependent on duration of the finishing 

phase nor was it influenced by the timing of supplementation relative to the 

compensatory growth status of the animal. Compared to controls, RH incited 

improvements in feedlot performance, but had a more profound impact on carcass gain 

and efficiency. Cutout data insinuates, RH didn’t redirect nutrients to a specific area of 

the carcass but promoted global muscle accretion to achieve a 12.96 kg of HCW 
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improvement over controls. When supplement at 400 mg∙animal-1∙d-1 RH can serve as a 

counterbalance to address poor G:F efficiencies routinely observed at the end of the cull 

cow finishing period.         
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Table 3.1. Composition and analyzed nutrient content (DM basis) of diets fed during 

the experimental period 

  Diets1   

Item Starter2 Finisher3  
Corn Grain, steam flaked 0.00 50.00  
Corn Grain, cracked  15.00 0.00  
Wet Corn Gluten Feed4 52.00 27.90  

Cotton Burrs, ground 15.00 15.00  

OW Bluestem, fair 15.00 0.00  
Limestone 2.00 1.50  
Urea 0.00 0.45  
Tallow 0.00 3.15  
TTU Supplement5 1.00 0.00  

TTU Supplement6 0.00 2.00  

    
Analyzed composition7    
Dry Matter, % 8 70.60 75.20  
Crude Protien, % 15.90 14.60  
Net energy for maintenance, Mcal/kg 1.76 1.91  

Net energy for gain, Mcal/kg  1.15 1.27  

Total Digestible Nutrients, %  73.9 78.9  

Neutral Detergent Fiber, % 34.1 22.8   
Fat, % 2.8 6.06  
Calcium, % 0.92 0.74  
Phosphorus, % 0.66 0.50  
Potassium, % 1.31 0.94  
Magnesium, % 0.34 0.24  

1 Treatment diets were top dressed with a ground corn carrier (0.45 kg/per cow-d) to 

contain no ractopamine hydrochloride (RH) or RH (400 mg∙animal-1∙d-1; Actogain 45, 

Zoetis, Parsippany, NJ) for the final 28 d before slaughter. 
2 The starter diet was feed to all cows for the first 5 days of the trial. Cattle received a 

blend of the starter and finisher diet from d 6 to 10 (d 6 blend: 75:25 starter to finisher 

ratio on a DM basis, d 7 blend: 60:40 starter to finisher ratio on a DM basis, d 8 blend: 

45:55 starter to finisher ratio on a DM basis, d 9 blend: 30:70 starter to finisher ratio on a 

DM basis, d 10 blend: 5:85 starter to finisher ratio on a DM basis).   
3 The finisher diet, was blended with the starter diet from d 6 to 10, and then fed 

exclusively to all cattle following d 11.  
4 Sweet Bran (Cargill, Dalhart, TX) 
5 Supplement composition (DM basis): 55.04814% ground corn, 40.000% NaCl, 

1.9718% Zinc sulfate, 0.825% Rumensin-90 (Elanco, Greenfield, IN), 0.506 Tylan-40 

(Elanco), 0.500% Endox (Kemin Industries, Des Moines, IA), 0.3929% Copper sulfate, 

0.5% Manganese oxide, 0.3149% vitamin E  (500 IU/g), 0.25% selenium premix ( 0.2% 
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Se), 0.1667% iron sulfate, 0.0198% vitamin A (1,000,000 IU/g), 0.0063% 

ethylenediamine dihydroiodide, and 0.0043% cobalt carbonate. 
6 Supplement composition (DM basis): 67.755% Cottonseed meal, 15.000% NaCl, 

10.000% KCl, 3.760% Urea, 0.986% Zinc sulfate, 0.750% Rumensin-90 (Elanco, 

Greenfield, IN), 0.506 Tylan-40 (Elanco), melengesterol acetate [MGA 200, Zoetis, 

Parsippany, NJ; 0.4 mg∙animal-1∙d-1 )], 0.500% Endox (Kemin Industries, Des Moines, 

IA), 0.196% Copper sulfate, 0.167% Manganese oxide, 0.157% vitamin E  (500 IU/g), 

0.125% selenium premix ( 0.2% Se), 0.083% iron sulfate, 0.010% vitamin A (1,000,000 

IU/g), 0.003% ethylenediamine dihydroiodide, and 0.002% cobalt carbonate. 
7 Weekly composite samples were analyzed for chemical composition (Servi-Tech 

Lavatories, Amarillo, TX). 
8 Diet DM was calculated using weekly ingredient sample DM records.  
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Table 3.2. Feedlot and estimated carcass performance of cull beef cows fed ractopamine hydrochloride (RH) over varied 

days on feed (DOF)1   

    DOF2   
 

Days on RH3     
 

P-Values  

Item    28 42 56   0 28   SEM4   Linear 
Quadrati

c 
RH DOF*RH 

Initial BW, kg 463.0 467.8 466.7  466.9 464.8  7.74  0.85 0.86 0.90 0.73 

Final BW, kg 545.3 587.1 612.1  574.9 588.1  9.01  <0.01 0.63 0.44 0.90 

ADG, kg   2.94 2.84 2.60  2.61 2.97  0.09  0.10 0.71 0.04 0.44 

Carcass ADG, kg 2.49 2.20 1.93  2.03 2.38  0.08  <0.01 0.95 0.02 0.94 

Carcass ADG:live 

ADG, % 
86.5 80.5 77.4 

 
80.1 82.9  3.30 

 
0.27 0.84 0.68 0.98 

DMI, kg/d  11.36 12.39 13.29  12.35 12.34  0.33  <0.01 0.90 0.98 0.30 

G:F 0.266 0.229 0.194  0.213 0.247  0.021  <0.01 0.74 0.02 0.30 

Carcass G:F 0.230 0.182 0.147   0.169 0.204   0.009   <0.01 0.74 0.05 0.56 
1 Computations of carcass ADG, carcass G: F, and carcass ADG:live ADG were calculated by applying a 44% standard 

dressing percent to the initial BW to estimate initial HCW. 
2 Cows were fed a starter diet for 5 d, stepped up to the finishing diet from d 6 to 10, and then placed on the finisher diet for a 

total period of 28, 42, and 56 d before slaughter. 
3 Treatment diets were top dressed to contain no RH (0 d) or RH (400 mg∙animal-1∙d-1; Actogain 45, Zoetis, Parsippany, NJ) for 

the final 28 d before slaughter. 
4 Pooled standard error of the treatment means (days on RH, n = 24 pens/main-effect mean; DOF, n = 16 pens/main-effect 

mean). 
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Table 3.3. Estimated carcass and body composition of cull beef cows fed ractopamine hydrochloride (RH) over varied 

days on feed (DOF)  

 
DOF 1 Days on RH 2  P-Values  

Item  28 42 56 0 28 SEM 3 Linear Quadratic RH DOF*RH 

Intial LMA cm2 46.88 46.39 44.98 46.61 45.56 1.04 0.47 0.84 0.63 0.79 

Intial 12th rib fat, cm  0.20 0.18 0.17 0.18 0.18 0.01 0.38 0.75 0.98 0.32 

Initial empty body fat,4, 5 % 22.15 22.39 22.00 22.04 22.32 0.15 0.70 0.33 0.36 0.14 

Final empty body fat, 5 % 23.00 24.70 25.56 24.37 24.37 0.23 <0.01 0.28 0.45 0.88 

Initial BCS 2.11 2.19 2.05 2.17 2.07 0.09 0.60 0.26 0.28 0.73 

Final BCS  3.70 4.60 5.11 4.43 4.51 0.28 <0.01 0.25 0.61 0.30 
1 Cows were fed a starter diet for 5 d, stepped up to the finishing diet from d 6 to 10, and then placed on the finisher diet for 

a total period of 28, 42, and 56 d before slaughter. 
2 Treatment diets were top dressed to contain no ractopamine hydrochloride (0 d) or ractopamine hydrochloride (400 

mg∙animal-1∙d-1; Actogain 45, Zoetis, Parsippany, NJ) for the final 28 d before slaughter. 
3 Pooled standard error of treatment means (days on RH, n = 24 pens/main-effect mean; DOF, n = 16 pens/main-effect 

mean). 
4 Initial Empty Body Fat was determined based upon ultrasound measurements recorded 2 d prior to trial initiation, using a 

standard 44% dressing percentage to estimate HCW.   

5 Empty body fat (%) = 17.76207 + (4.68142 × 12th-rib fat) + (0.01945 × HCW) + (0.81855 × marbling score) − (0.06754 

× LM area). The marbling score scale used was described by Guiroy et al. (2002), were: Standard = 3 to 4, Select = 4 to 5, 

low Choice = 5 to 6, average Choice = 6 to 7, high Choice = 7 to 8, low Prime = 8 to 9, and average Prime = 9 to 10. 
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Table 3.4. Carcass traits of beef cows fed ractopamine hydrochloride (RH) over varied days on feed (DOF) 

  DOF 1   Days on RH 2       P-Values 

Item  28 42 56   0 28   SEM 3   Linear Quadratic RH DOF*RH 

HCW, kg 272.6 298.7 313.7  288.5 301.5  4.05  <0.01 0.43 0.05 0.70 

Dressing percent  50.21 51.24 51.52  50.37 51.61  0.67  0.44 0.79 0.38 0.75 

LMA cm2 67.93 70.77 72.88  68.80 72.25  0.83  0.01 0.83 0.03 0.89 

LMA cm2/45.4 kg 11.46 10.88 10.63  10.99 10.99  0.13  0.01 0.54 0.99 0.98 

12th rib fat, cm 0.33 0.51 0.6  0.45 0.50  0.03  <0.01 0.41 0.48 0.72 

Calculated yield grade 2.17 2.41 2.48  2.30 2.41  0.04  <0.01 0.33 0.21 0.38 

Marbling score 4 2.65 3.29 3.68  3.27 3.14  0.10  <0.01 0.47 0.45 0.84 

Skeletal maturity 5 51.89 54.33 55.25  53.77 53.88  0.38  <0.01 0.27 0.88 0.63 

Lean maturity 6 26.26 26.75 26.16  27.81 24.96  0.49    0.93 0.61 <0.01 0.91 

Liver Score 7 8   1.61 2.41  1.92 2.10  0.20       0.89 0.44 

1 Cows were finished for a period of 28, 42, and 56 d before slaughter.           
2 Treatment diets were formulated to contain no ractopamine hydrochloride (0 d) or ractopamine hydrochloride (400 mg∙animal-1∙d-1;  

Actogain 45, Zoetis, Parsippany, NJ) for the final 28 d before slaughter. 
3 Pooled standard error of treatment means (days on RH, n = 24 pens/main-effect mean; DOF, n = 16 pens/main-effect mean). 

4 3.00 = Slight00, 4.00 =Small00.             
5 10 - 19 = A Maturity; 20 - 29 = B Maturity; 30 - 39 = C Maturity; 40 - 49 = D maturity; 50 - 59 = E Maturity    

6 10 - 19 = A Maturity; 20 - 29 = B Maturity; 30 - 39 = C Maturity; 40 - 49 = D Maturity; 50 - 59 E Maturity 

7 Liver Scores were not collected on cattle harvested at 28 days.  
    

8 1= Normal Liver; 2 = A- (1-2 small abscesses); 3 = A (2 - 4 small active abscesses); 4 = A+ (> 4 small active abscesses)  
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Table 3.5.  Proximate analysis of percentage chemical fat, collagen, moisture, and protein of raw longissimus steaks from 

beef cows fed ractopamine hydrochloride (RH) over varied days on feed (DOF) 

 
DOF 1 Day on RH 2  P-Values 

Item, %  28 42 56 0 28 SEM 3 Linear Quadratic RH DOF*RH 

Fat 3.58 4.02 4.39 4.15 3.84 0.174 0.06 0.92 0.38 0.41 

Moisture 71.45 71.16 71.29 71.38 71.22 0.259 0.80 0.70 0.77 0.23 

Protein 23.38 23.20 22.64 22.86 23.28 0.245 0.23 0.72 0.39 0.12 

Collagen 1.59 1.62 1.68 1.61 1.65 0.081 0.64 0.97 0.78 0.11 

1 Cows were finished for a period of 28, 42, and 56 d before slaughter.     
2 Treatment diets were formulated to contain no ractopamine hydrochloride (0 d) or ractopamine hydrochloride  

(400 mg∙animal-1∙d-1; Actogain 45, Zoetis, Parsippany, NJ) for the final 28 d before slaughter.   

3 Pooled standard error of treatment means (days on RH, n = 24 pens/main-effect mean; DOF, n = 16 pens/main-effect 

mean). 
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Table 3.6. Fabricated beef cuts presented as percentage of HCW of beef cows fed ractopamine hydrochloride (RH) over 

varied days on feed (DOF) 

  DOF 1 Days on RH 2   P-Values  

Item, % 3 28 42 56 0 28 SEM 4 Linear Quadratic RH DOF*RH 

109E, Rib Eye Roll 6.00 6.00 6.15 6.11 5.99 0.08 0.46 0.67 0.48 0.33 

120, Flats  8.31 8.17 8.00 8.23 8.09 0.10 0.23 0.95 0.53 0.18 

167, Knuckle  8.20 7.95 7.83 8.02 7.97 0.11 0.19 0.79 0.85 0.15 

168, Inside Round  13.91 13.25 13.23 13.68 13.26 0.16 0.09 0.35 0.19 0.36 

171C, Eye Round 3.74 3.63 3.48 3.65 3.58 0.05 0.04 0.83 0.44 0.18 

175, Strip Loin  6.45 6.55 6.41 6.53 6.41 0.09 0.86 0.52 0.50 0.38 

182, Sirloin Top Butt 12.87 12.58 12.25 12.77 12.36 0.15 0.10 0.95 0.16 0.22 

189, Tender loin  3.74 3.59 3.53 3.64 3.60 0.05 0.06 0.63 0.71 0.61 
1 Cows were finished for a period of 28, 42, and 56 d before 

slaughter. 
  

   
2 Treatment diets were formulated to contain no ractopamine hydrochloride (0 d) or ractopamine hydrochloride (400 

mg∙animal-1∙d-1; Actogain 45, Zoetis, Parsippany, NJ) for the final 28 d before slaughter. 
3 Numbers denote the Institutional Meat Purchase Specifications (IMPS) 

4 Pooled standard error of treatment means (days on RH, n = 24 pens/main-effect mean; DOF, n = 16 pens/main-effect 

mean). 
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Table 3.7. Organ characteristics of beef cows fed ractopamine hydrochloride (RH) over varied days on feed (DOF) 

  DOF 1   Days on RH 2       P-Values  

Item   28 42 56   0 28   SEM 3   Linear Quadratic RH DOF*RH 

Liver, kg 8.666 8.958 9.070 
 

9.261 8.556 
 

0.129 
 

0.20 0.74 0.02 0.53 

Lung, kg 4.917 4.778 4.853 
 

4.906 4.793 
 

0.102 
 

0.80 0.62 0.58 0.84 

Heart, kg 2.468 2.591 2.585 
 

2.577 2.526 
 

0.032 
 

0.27 0.32 0.93 0.82 

Kidney, kg 1.657 1.602 1.483 
 

1.601 1.569 
 

0.039 
 

0.08 0.70 0.96 0.77 

1 Cows were finished for a period of 28, 42, and 56 d before slaughter.        
2 Treatment diets were formulated to contain no ractopamine hydrochloride (0 d) or ractopamine hydrochloride (400 

mg∙animal-1∙d-1; Actogain 45, Zoetis, Parsippany, NJ) for the final 28 d before slaughter. 
3 Pooled standard error of treatment means (days on RH, n = 24 pens/main-effect mean; DOF, n = 16 pens/main-effect 

mean). 
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Table 3.8. Net revenues (US dollars) for beef cows fed ractopamine hydrochloride (RH) over varied days on feed (DOF) 
1   

 DOF 2 Days on RH 3  P-Values 

Item, $ 28 42 56 0 28 SEM 4 Linear  Quadratic RH DOF*RH 

Initial cow value 847.29 856.07 854.06 854.37 850.57 14.16 0.85 0.86 0.90 0.74 

End live value 1033.95 1115.50 1162.99 1090.81 1117.48 17.30 0.02 0.61 0.41 0.69 

End carcass value 1030.51 1129.13 1185.68 1090.53 1139.68 15.31 <0.01 0.43 0.05 0.70 

Cost/kg live gain  2.00 1.73 1.75 1.87 1.79 0.06 0.07 0.23 0.50 0.92 

Live revenue/cow  28.97 60.61 64.97 45.96 57.08 6.65 0.03 0.32 0.40 0.99 

Carcass 

revenue/cow  
25.54 74.24 87.67 45.68 79.29 14.78 0.09 0.57 0.26 0.81 

1 Cost assumptions:  Cow purchase price $1.83/kg and market live price at $1.90/kg (2014-2016 average price), Carcass price 

at $3.78/kg (2014- 2016 average price) Feed cost at $8.46/45.5 kg of DM, implants $9.84/pen, ractopamine hydrochloride at 

$1.92/per pen-d, death loss at 3% (5 cows at average of 424.5 kg); transportation at $2.33/km for semi-truck with 39 cows for 

218 km (average distance reported by the 2016 National Beef Quality Audit), interest rate at 4.5% (2014-2016 average short 

term interest rate), yardage at $0.25 per day.               
2 Cows were finished for a period of 28, 42, and 56 d before slaughter.          
3 Treatment diets were formulated to contain no ractopamine hydrochloride (0 d) or ractopamine hydrochloride (400 

mg∙animal-1∙d-1; Actogain 45, Zoetis, Parsippany, NJ) for the final 28 d before slaughter.       
4 Pooled standard error of treatment means (days on RH, n = 24 pens/main-effect mean; DOF, n = 16 pens/main-effect mean). 
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Figure 3.1 The effect of feeding ractopamine hydrochloride (RH) on live weight (LW) and hot carcass weight (HCW) gain, 

in different classes of cattle. Data used to characterize heifer* and steer* response were courtesy of a pair of metanalysis 

conducted by Pyatt et al., (2013a,b), of cattle supplemented 300 mg∙animal-1∙d-1. The data used to represent the cows†, was 

derivied from the current study were cattle were supplemented with 400 mg·animal-1·d-1 for the final 28 d of a 28, 42 or 56 

realimentation period.  
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CHAPTER IV 

INFLUENCE OF DIETARY ROUGHAGE LEVEL AND MEGASPHAERA 

ELSDENII ON FEEDLOT PERFORMANCE AND CARCASS COMPOSITION 

OF THIN CULL BEEF COWS FED FOR A LEAN MARKET 

 

Abstract 

One hundred forty-four cull cows (BCS= 2.10 ± 0.61; BW = 456 ± 47 kg) were 

organized into a 2 x 2 factorial design (48 pens, 12 pens/treatment, 3 cows/pen) to 

evaluate the effect of dietary roughage level and oral drenching of Megasphaera elsdenii 

NCIMB 41125 (Lactipro; Lactipro Advance; MS Biotec Inc., Wamego, KS) on 

performance and carcass characteristics. Cattle were finished over a 42-d realimentation 

period, and aggressively stepped up over a 10-d period to either a high roughage finisher 

(HRF; 25% roughage) or a low roughage finisher (LRF; 10% roughage). Within diet, 

cattle were drenched with either 0 or 100 mL of Lactipro (M. elsdenii NCIMB 41125, 2 x 

108 cfu/mL) on d 0. No diet × probiotic interactions were detected (P ≥ 0.11) suggesting 

the magnitude of the Lactipro response was not influenced by the concentrate level of the 

diet. The main effect of diet triggered several significant responses. Decreasing roughage 

level tended to improve average daily gain (ADG) by 9.7% (0.26 kg, P = 0.08), while 

decreasing dry matter intake (DMI) by 1.11 kg (P = 0.09), provoking a 19.7% 

enhancement of feed efficiency (0.036 units, P < 0.01). However, interim data revealed 

precipitous declines of performance parameters amongst both diets and only logged a 

significant improvement between treatments during the final phase of the realimentation 

period. During the final 14 d, LRF posted a 0.68 kg increase in ADG (P = 0.05) and a 

1.98 decrease in DMI (P = 0.01), translating to improved feed efficiency (0.054 units, P 
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= 0.03). This implies that increasing caloric density of finishing diets may help offset the 

regression of performance typically observed following compensatory gain. Overall, oral 

drenching of Lactipro tended to augment ADG (0.26 kg, P = 0.08) and although not 

significant, numerically increased ADG (0.27 kg, P = 0.40) and DMI (0.56 kg, P = 0.37) 

during the dietary adaptation period (d 0 to 14). Overall, Lactipro portrayed a tendency 

for improved carcass ADG (0.20 kg, P = 0.10). This implies that Lactipro was effective 

at alleviating the elevated acidosis risk prompted by the rapid step-up period employed in 

the trial. Control cows harvested with 4.7% improved marbling scores (P =0.03) 

compared to Lactipro. Collectively, Lactipro can counterbalance the elevated acidosis 

concerns derived from elevated dietary transition and aggressive caloric density, often 

used to capitalize on the narrow timeline of compensatory gain in cull cow 

realimentation.  

 

Key words: Lactipro Advance, cull cow, Megasphaera elsdenii, roughage level, 

realimentation 
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Introduction 

 

 Characterized as a phase of rapid growth following a period of dietary restriction, 

exploiting compensatory gain is essential to profitable production (Parish, 2010) when 

reconditioning cull cows. Although considerable variation amongst animals exists, a 20% 

reduction in NEm (Birkelo et al., 1989; Carstens et al., 1989) over a 60 to 90 d phase is 

expected (NRC, 2016) during the compensatory state. Accordingly, following a 

prolonged period of nutrient restriction, realimentation of ruminants to an energy dense 

diet, prompts impressive animal gain, and feed efficiency (Hornick et al., 2000). Rapidly 

adapting cattle to a calorically dense diet enables a higher proportion of the energetically 

favorable VFA priopionate production, which can further augment performance during 

the expedited compensatory gain period. The major caveat to this approach is the 

elevated risk of ruminal acidosis, which has a pernicious effect on animal performance, 

morbidity and mortality (Nagaraja and Lectenberg, 2007).  

Considerable research has investigated methods to bolster ruminal ecology and 

mitigate prevalence of acidosis (Owen et al., 1998). In vitro mediation of ruminal pH has 

routinely been achieved by the bacterium Megasphaera elsdenii, which is credited with 

metabolizing 60 to 80% of lactate in vivo (Counotte et al., 1981). Lactipro Advance, 

(Lactipro; MS Biotec Inc., Wamego, KS) is a commercially available patented strain 

(NCIMB 41125) of M. elsdenii approved for use in beef and dairy cattle. Oral drenching 

of Lactipro has proven a formidable tool to advert ruminal acidosis (ARC/Kemira 

Phosphates, 2006; Kettunen et al., 2008; Horn et al., 2009; McDaniel et al., 2009; 

Henning et al., 2010b; Muya et al., 2015), but its role in augmenting performance 

remains ambivalent (McDaniel et al., 2010; Drouillard et al., 2012; Miller 2013; Thieszen 
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et al., 2015). Collectively, the objective of this project was to elucidate the 

interrelationship between M. elsdenii NCIMB 41125 and roughage level of the finishing 

diet during a rapid step-up realimentation period in thin, cull beef cows.  

 

Materials and Methods 

All experimental procedures were reviewed and approved by the Texas Tech 

University Institutional Animal Care and Use Committee (IACUC #17054-05). The 

experiment was conducted at the Texas Tech University Beef Center Teaching and 

Research Unit located 9.7 km east of New Deal, TX. 

 

Pretrial Animal Selection and Management  

 

On May 20, 2017 (d -10), five semi-loads of beef cull cows (n= 180) were 

procured from various sale barns in Nebraska (2 loads), Oklahoma (2 loads), and 

Wyoming (1 load) and transported to Texas Tech University Beef Center Teaching and 

Research Unit, New Deal, TX. Upon arrival, cattle remained in semi-truck load groups (5 

loads; 36 cows per load) and were housed in soil surface pens (27 x 37 m) with ad libitum 

access to hay (native grass round bales) and water. Cattle were allotted 27 m2 of pen 

space and approximately 0.70 m of linear bunk space on top of a 3 m concrete apron. 

Cattle were palpated by a professional embryologist to determine pregnancy status and 

provided a unique identification tag. Prior to trial initiation cows were fed 4.5 kg of wet 

corn gluten feed (Sweet Bran; Cargill Corn Milling, Dalhart, TX) to elucidate each 

individual’s willingness to consume a concentrate base diet. Only bunk-broke cows that 

demonstrated an appropriate level of docility and general health were subjectively 

considered as trial candidates. On May 29, 2017, (d 0) possible trial candidates were 
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processed (Silencer chute; Moly Manufacturing, Lorraine, KS; mounted on Avery 

Weigh-Tronix load cells, Fairmount, MN; readability ± 0.45 kg). Processing included 

subjective assignment of body condition score (BCS) and chute disposition scores and 

quantification of body weight (BW). Visual assessment of BCS was conducted by a 

trained evaluator using guidelines provided by Rasby et al., (2014). Understood to be a 

precursor of disposition, cows were assigned a subjective chute score of 1 to 5, using the 

method outlined by Curley et al. (2006). Selected cows for the study (n=144) were either 

open (non-pregnant) or ≤ 5 months bred, ranged in visual BCS from 2- to 4, had 

manageable disposition scores, demonstrated a willingness to consume concentrate feed, 

appeared structurally sound, healthy, and not physically weak.  

Experimental Design  

Selected cows (n=144) were organized into a 2 x 2 factorial arrangement of 

treatments and blocked by BW nested within pregnancy status (open or ≤ 5 months bred). 

A total of 12 blocks were utilized with half of the blocks containing open cows and the 

remainder containing bred cows. Cows were stratified into 48 pens (3 cows/pen). Cattle 

were randomly allocated to treatments such that half of the cows on trial were fed a high 

roughage finishing diet (HRF, 25% roughage) and half were fed a low roughage 

finishing diet (LRF, 10% roughage) over a 42-d realimentation period. To complete the 

factorial protocol, within each finishing diet treatment, cows were bifurcated so that half 

were orally drenched with 100 mL of Lactipro Advance (2 x 108 cfu/mL) with the 

remaining constituents receiving no probiotic (Control) (12 pens/treatment; 24 

pens/main effect). Treatments were randomly assigned to pen within block, and 
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respective finishing diets were blended with the starter ration and introduced to all cattle 

on d 1.  

Cattle Management 

In an effort to reduce variation between treatments selected cows were weighed 

and processed on consecutive days (May 29, 2017 d 0 and May 30, 2017, d 1). As a 

second individual BW was captured, cows were fitted with a unique individual tag that 

was color coded to denote treatment. Additionally, all cows received a trenbelone 

acetate/estradiol combination implant (Synovex Plus; Zoetis, Florham Park, NJ; Lots 

605380 and 605383 expiration 8/18 and 10/18) an oral anthelmintic (Valbazeen; Zoetis, 

Florham Park, NJ, lot 150302, expiration 2/2019). Furthermore, cows stratified to the 

Lactipro treatment were orally drenched with 100 mL of M. elsdenii NCIMB 41125 (2 x 

108 cfu/mL; lot 4052017 expiration 6/4/2017; MS Biotec Inc., Wamego, KS). Cattle were 

housed in soil surface pens (3 x 15.2 m) and allocated one linear m of bunk space per 

cow. Each pen was equipped with a cloth canvas which provided approximately 16.7 m2 

of shade per pen, at all times during the day. Cement bunks were fastened on top of 3-m 

concrete aprons.  Aprons were cleaned once every two weeks.  

All diets were formulated to meet or exceed National Research Council (1996) 

requirements for beef cattle and were milled at the Texas Tech Burnett Center Feed Mill. 

Ration composition and nutrient analyses of diets utilized during the trial are presented in 

Table 4.1. Both finishing diets contained monensin (Rumensin-90; Elanco, Greenfield, 

IN, formulated at a rate of 300 mg∙animal-1∙d-1), tylosin phosphate (Tylan-40; Elanco, 

Greenfield, IN, formulated at a rate of 12.1 mg/kg DM), melengestrol acetate (MGA 500, 

Zoetis Animal Health, Florham Park, NJ; targeted at a rate of 0.4 mg∙animal-1∙d-1). 
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Additionally, during the final 28 d of realimentation, ractopamine hydrochloride 

(Actogain 45, Zoetis, Florham Park, NJ targeted at a rate of 300 mg∙animal-1∙d-1) was 

added to the premix, with a voluntary 1 d withdrawal applied. All diets included a 

supplemental premix which was stored in labeled bins, utilized a ground corn carrier, and 

blended in a commercial micro-mixer. 

Cattle were aggressively stepped up to maximum intake over an expedited diet 

adaptation period. On d 1 of the trial, cows were fed approximately 1.75% of their body 

weight on an as-fed basis. Pens received 25% of their treatment assigned finisher 

delivered over the top of 75% starter diet. This blend was delivered from d 1 to d 3. Cows 

were stepped up to 2.0% of their body weight, from d 4 to 6 and were delivered a 50:50 

blend of treatment assigned finisher to starter ratio. The final transition step was a 75:25 

blend of treatment designated finisher to starter, which was delivered from d 7 to 9. From 

d 10 to the completion of the trial cows were delivered 100% of their earmarked finisher 

diet.  

Ground cotton burrs and corn gluten feed were directly added by a front-end 

loader to a tractor pulled mixer (Rotomix, Dodge City, KS). The remaining ingredients 

were batched in a paddle type mixer, delivered via a drag chain conveyor system, to the 

Rotomixer. Upon completion of dietary ingredients arrival to the Rotomixer, a 5 min 

stationary mix was applied prior to delivery. Cattle were fed twice daily beginning at 

0600 and again at 1300 h.   

Feed bunks were evaluated at approximately 0530 h each morning to estimate refusals 

and establish daily feed calls. Feed bunks were monitored with the goal of ≤ 0.45 kg of 

dry refusals. The slick bunk management technique employed in the study was 
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extensively reviewed by Pritchard and Bruns (2003). Following consecutive days of clean 

bunks, cattle were challenged with an additional 0.45 kg of feed, on an as-fed basis.  

Daily feed samples were obtained from the Rotomix and stored at -15.6° C for 

further analysis. Following trial completion, composites were generated for each interim 

period for each diet. Samples were thawed, forced through a separator and placed in a 

bucket, and mixed thoroughly for 1 min to create composites within period. Composites 

were submitted for proximate analysis (Servi-Tech Laboratories, Amarillo, TX) using the 

methodology outlined by AOAC (1995). The resulting chemical analysis is presented in 

Table 4.1. Additionally, weekly dietary and ingredient samples were collected for DM 

analysis (forced-air oven for at 100°C for 24 h). Since cotton burrs and corn gluten feed 

were stored outside in concrete bunkers, these ingredients were sampled and dried by the 

method previously described following any precipitation event. Collectively, ingredient 

DM records were the basis of diet formulation and DMI computations. Finally, all daily 

feed refusals greater than approximately 5 kg were removed from the bunk and weighed. 

A representative subsample of the orts were dried (forced-air oven for at 100oC for 24 h) 

to adjust DMI computations. Individual BW measurements were recorded on d 0, 1, and 

42.  Pen BW measurements were captured on d 14 and 28. Cattle were weighed prior to 

feeding at 0600. Prior to weighing, any residual feed was removed, weighed, and 

sampled for DM analysis. Automatic water troughs were cleaned twice weekly and a 

daily log was maintained to track health and monitor heat stress. 

Postmortem Data Collection 

Cattle were harvested on July 12, 2017 at Preferred Beef (Booker, TX). At the 

time of harvest HCW, liver score and estimated percentage of kidney heart and pelvic 
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(KPH) were recorded by Texas Tech personnel. Liver score was evaluated in accordance 

with the Eli Lilly Liver Check System (Elanco, Greenfield, IN) as published by Brown 

and Lawrence (2010). At 24-h postmortem, carcasses were split between the 12th and 

13th rib interface by plant employees and routine carcass data was evaluated by Texas 

Tech University Gordon W. Davis Meat Laboratory personnel. Carcass measurements 

taken were loin muscle area (LMA), 12th-rib fat (FT), marbling score, lean maturity and 

skeletal maturity. Calculated yield grade was derived according to the standards set forth 

by the USDA (1997). 

Statistical Analysis 

Feedlot and carcass performance parameters were analyzed as a nested ANOVA 

with a 2 x 2 factorial arrangement of treatments using SPSS Statistics 25.0 (IBM; 

Armonk, NY). Pen served as the experimental unit for all computations. Factors used to 

calculate carcass ADG, carcass G:F, and carcass ADG:live ADG were derived by 

applying a 44% standard dressing yield to the initial shrunk BW (Travis Herod, Preferred 

Beef, Booker, TX; personal communication). Pen average carcass G:F was computed as 

the quotient of carcass gain divided by daily DMI. The Diet, Lactipro, and Diet x 

Lactipro interaction were treated as fixed effects, whereas block was treated as a random 

effect in the model. Several post hoc tests were conducted to evaluate the inherent 

assumptions of the model. The normality of errors assumption was tested with the 

Shapiro Wilk’s test, homogeneity of variances assumption was confirmed with Bartlett’s 

test, and the sphericity assumption was confirmed using a Mauchely’s test. For the results 

of this trial, significance is declared as (P ≤ 0.05); while all P values ranging from 0.06 to 

0.10 are discussed as tendencies. 
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Weights were shrunk 1% and 4% for all initial and interim/final measurements, 

respectively. Initial weights were derived from averaging measurements recorded on d 0 

and d 1. Given the thin, emaciated state of the cull cows employed in this study (BCS= 

2.10 ± 0.61; initial BW = 456 kg ± 47), a 1% shrink was utilized opposed to the standard 

2%. All BCS were documented on a scale of 1-9, with each number subdivided into 

thirds. With + denoting the top third and – denoting the bottom third. For statistical 

analysis these data were transformed to a 27-point scale. Following data analysis, values 

were divided by 3 and reported on a 1-9 scale.   

Data analysis excluded 8 cattle that were dead or removed from the study. Five 

cows died during the experiment, with a sixth cow euthanized under veterinarian orders. 

A cow from the LRF diet with Lactipro appeared to display polioencephalomalacia, prior 

to death. An additional 2 cows were removed from the study for lameness associated with 

extreme mud due to above average rainfall (24 cm in 42 d). In both cases, cows refused 

to consume concentrate diets, were extremely weak, and were losing ambulatory 

functions. These high-risk cows in accordance with IACUC protocols, were not eligible 

for harvest with their treatment groups. Cattle removed for each treatment were as 

follows: LRF, 1 removed (1 dead); LRF with Lactipro, 4 removed (3 dead), HRF 1 

removed, and HRF with Lactipro, 2 removed (2 dead). Removed cows, were excluded for 

all computations. An additional 4 carcasses were excluded from Carcass ADG, Carcass 

ADG: Live ADG, Carcass G: F, HCW and dressing percent calculations. These 4 

carcasses were noted for having considerable trim in the cooler and penciled with a 

dressing percent of 25 to 39%. These carcasses represented the following treatments: 2 

from LRF, 1from LRF plus Lactipro, and 1 from HRF plus Lactipro.     
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Results and Discussion 

The binary aspirations of this trial were: 1) contrast the benefits and potential 

consequences of increasing caloric density in an attempt to maximize compensatory gain 

in cull cow realimentation periods, and, 2) evaluate if oral drenching of M. elsdenii can 

enhance performance in concentrate naive cows. Statistical analysis failed to distinguish 

an interaction between diet and Lactipro application for any parameter (P ≥ 0.11). 

Accordingly, only the main effects will be discussed to address each objective. 

 

Live Performance Traits  

Descriptive statistics for live performance characteristics for the entire trial are 

presented in Table 4.2. Given the maginitude of caloric density documented in Table 4.1, 

variances in animal gain and performance were expected. Concerning the trial on an 

aggregate basis, cattle consuming the LRF diets tended to exhibit a 9.7% improvement in 

ADG (2.93 vs. 2.67 kg, P = 0.08), while consuming 1.11 kg less of DMI (13.58 vs 14.69 

kg, P = 0.09), inciting a 19.7% enhancement of G:F efficiency (0.219 vs 0.183 units, P 

<0.01). However significant improvements were not consistently observed during each 

interim period. During the first 14 d, although only a numerical difference, LRF fed cattle 

posted a 0.09 kg greater ADG (P =0.77) over their HRF cohorts, which eroded to a 

modest 0.02 kg discrepancy during the third and fourth week of the trial. In fact, the only 

difference between diets was detected during the final interim period where LRF cows, 

bested their HRF counterparts by 75% in ADG (1.59 vs 0.91 kg, P = 0.05). Cattle 

consuming higher caloric diets also posted lower DMI (14.73 vs 16.71 kg, P = 0.01) and 
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correspondingly penciled an enhanced G:F efficiency (0.106 vs 0.052 units, P =0.03) 

during the final interim period. Collectively, this data suggests that the increased caloric 

concentration of the LRF diet may have provoked cows to exit the compensatory state 

sooner, explaining the nearly identical ADG and G:F observed during the second interim 

period. This also helps quantify why the largest discrepancy in ADG and G:F was 

documented in the last interim period between dietary treatments. Given the thin, 

emaciated state of the preponderance of the cull cows (BCS= 2.02 ± 0.61) utilized in this 

study, it is reasonable to expect most of the cohorts spent time in the compensatory state. 

Following a prolonged period of nutrient restriction, realimentation of ruminants to 

energy dense diets, prompts impressive animal gain, and feed efficiency (Hornick et al., 

2000, Parish, 2010). However, the data published in Table 4.2 insinuates the primary 

benefit of increasing caloric density in cull cows may be observed after compensatory 

gain has been realized. In this case, providing additional dietary energy could be a cogent 

strategy to combat the tepid animal performance generally observed during the final 

stages of cull cow realimentation (Figure 4.1).        

The findings of the current study contrast with several cull cow trials, where the 

greatest gains were documented during the intermediate period of realimentation. For 

instance, a serial slaughter conducted by Matulis et al. (1987) found superior gains for 

British cows finished at 56 d, compared to contemporaries harvested on d 28 and 84. A 

similar study was conducted by Schnell et al. (1997), where the greatest ADG was also 

observed during the intermediate phase of realimentation. Juxtaposed to the cows in the 

current study, where despite the addition of the metabolic modifier ractopamine 

hydrochloride to diets following d 14, ADG values were cut in half during the 
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intermediate period (d 0 to 14, LRF = 4.8 kg, HRF = 4.77 kg; d 14 to 28, LRF = 2.34 kg, 

HRF = 2.32 kg). Although the exorbitant gains registered during the first 14-d in the 

current study are likely partially attributed to the large developed gastrointestinal tracts of 

mature cows and their subsequent physical fill due to rapid step-up, it fails to address the 

ADG timeline discrepancies with previous trials. This may be attributed to the pretrial 

selection phase of the current study, where cows were given 2-wk to acclimate to their 

new environment and required to consume bunk fed feed in order to be included in the 

experiment. This selection criteria possibly muted the hurdles associated with bunk 

breaking thin, stressed cull cows during realimentation periods.     

Sawyer et al., (2004) conducted a reasonable facsimile to the current study, 

evaluating the effect of caloric density of diets on 125 British cross cows. Cattle were 

finished over a 54-day realimentation period, but, during the diet acclimation period (wk 

1 to 2) cull cows lost weight. The most advantageous gains for cattle consuming 

calorically rich diets, were observed during the two-wk period immediately following 

dietary transition. Over the final 4 wk of the trial, these cows showed considerable ADG 

regression (wk 2 to 4 = 3.06 kg vs wk 4 to 6 = 3.00 kg vs wk 6 to 8 = 1.00 kg) suggesting 

compensatory growth was only achieved during the intermediate period (wk 2 to 6) of the 

study. In contrast, cows fed a conservative, high roughage diet, posted the greatest ADG 

2-wk following their more aggressive fed counterparts (wk 2 to 4 = 1.85 kg vs wk 4 to 6 

= 2.32 kg vs wk 6 to 8 = 1.60 kg), suggesting the lower energy density of the diet enabled 

a prolonged compensatory growth period. Finally, congruent with the current study 

findings, conservative fed cows documented numerically lower ADG, and G:F provoking 

a 30% greater cost of gain. Our findings are in concert with Sawyer et al., (2004) 
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suggesting that the arc of compensatory gain is dependent on diet roughage level and 

energy concentration.      

Surprisingly, the effect of Lactipro on performance parameters, showed a similar 

response to diet caloric density. Table 4.2 shows a tendency for a 9.7% ADG 

improvement of M. elsdenii drenched cattle (2.93 vs 2.67 kg, P = 0.08) compared to 

controls. Consistent with previous research, a numerical difference in ADG (4.95 vs 4.68 

kg) and DMI (12.67 vs 12.11 kg) was registered during the diet adaptation phase (d 0 to 

14), however neither variable was significant (P ≥ 0.40). Cattle were rigorously screened 

during the pretrial period to identify candidates that would be willing to consume large 

quantities of fermentable carbohydrates. Despite averaging a DMI of 2.6% of BW during 

the diet adaptation period, statistical significance was not achieved for Lactipro 

application. This could be the result of extraneous variables such as the large inherent 

difference amongst cull cows, or the variation in bunk adaptation to concentrate diets 

(SEM = 0.16, ADG d 0 to 14). It may also suggest that diets and the step-up protocol 

employed in the current study were not aggressive enough to provoke acidosis 

conditions, abating the benefit of Lactipro.   

The heterogeneity of M. elsdenii NCIMB 41125 results concur with previous 

literature. A pilot study conducted by Henning et al. (2010a) employed 12 steers over a 

37-d finishing trial. Like the current study, short-fed cattle dosed with Lactipro, logged 

superior ADG compared to negative controls. In another study with congruent objectives 

to the current trial, Drouillard et al. (2012) explored using M. elsdenii NCIMB 41125 to 

expedite the step-up process in feeder cattle. Receiving cattle were organized into a 2 x 2 

factorial designed and transitioned to a finisher diet over an 8 or 17 d period.  No live 
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performance parameter was improved by M. elsdenii NCIMB 41125 application in either 

step-up period. Finally, Miller (2013) evaluated the health status and performance 

characteristics of high-risk feeder cattle dosed with Lactipro. The dissertation work 

featured 4 large studies (animal inventory ranging from 314 to 1294 cattle). The instances 

where M. elsdenii NCIMB 41125 activated a significant performance response coincided 

with a 0 d step up or ad libitum access to a concentrate diet.  

Perhaps the most surprising performance characteristic of the current study was 

the probiotic’s effect during the final phase of the finishing period. Cattle were under 

considerable duress during the final 2 wk of the trial dealing with uncharacteristic 

precipitation (12.8 cm in 14 d). Of the 8 cows that were removed from this study, 5 of 

them were expunged during this timeline (3 died, while 2 lost ambulatory function in the 

mud). Under these conditions, cattle drenched with 100 mL of Lactipro chronicled an 

increase of 0.77 kg of ADG (1.64 vs 0.87 kg, P = 0.03; Figure 4.2), and a 0.048-unit 

enhancement of G:F (0.103 vs 0.055 units, P = 0.05). Traditionally, viewed as a vehicle 

to safeguard against acidosis for receiving cattle, Lactipro has been most effective at 

regulating pH and lactate concentrations immediately (2 – 4 d) following application 

(Kettunen et al., 2008; McDaniel et al., 2009; Henning et al., 2010b). Normally, cattle are 

dependent on the slower growing endogenous species of M. elsdenii to abate ruminal 

lactic acid (Rinttilä, 2008). However, it is possible that the immediate effects of Lactipro 

on the ecology of the rumen enables a more robust colonization of M. elsdenii and 

various microbes equipping cattle to handle subsequent stress or nonstructural 

carbohydrate challenges. Data presented in chapter 5 also suggest that Lactipro improves 
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ruminal absorptive surface area. This may also help quantify the delayed performance 

improvement observed in the current study.  

The results presented in Table 4.2 are analogous to those of Leeuw et al., (2009). 

With a similar design to the current trial, a 2 x 2 factorial study was constructed to 

investigate the effects of roughage level (2% vs 8%) and M. elsdenii NCIMB 41125 on 

feedlot characteristics. Oral drenching of M. elsdenii NCIMB 41125 improved ADG and 

G: F between wk 3 and 5, but no significant differences were distinguished during the 

remainder of the 13-wk trial.  

Finally, the effects of Lactipro application during the second interim period 

portrays the hallmarks of the compensatory state (Figure 4.2). Cattle receiving 100 mL of 

Lactipro had numerically greater ADG from d 0 to 14 and subsequently lower gains from 

d 14 to 28 compared to negative controls. Collectively, congruent to the effects of caloric 

density of diet, it is cogent to extrapolate that the enhanced ADG observed during the 

first 14 d for cattle drenched with Lactipro, enabled expedited rejuvenation of previous 

catabolized viscera tissue and restoration of normal cellular ion pumping and metabolite 

cycling, provoking an abatement in performance characteristics compared to controls 

during d 14 to 28.  

Body and Carcass Composition Parameters 

A summary of estimated live carcass growth and transfer parameters are 

presented in Table 4.3. Considering the noticeable improvements in final BW (Table 4.2), 

prompted by increasing highly digestible carbohydrate levels in the diet, elevated 

subjective final BCS were not surprising, however insignificant (P =0.16). Although 

increasing the caloric density of diets and Lactipro application were able to incite 
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advantageous live performance improvements, these gains were limited by modest 

dressing percent (DP) and HCW responses (Table 4.4). Widely recognized for years as a 

major problem in cull cow carcasses, bruising and subsequent trim have had a pernicious 

effect on red meat yield. The National Beef Quality audit (2016) reported that 64.1% of 

cull cow carcasses had some degree of bruising. A caveat to the data collected in this 

study was that HCW was recorded after removal of trim on the harvesting floor. Since 

numerically greater final BCS scores and backfat values, with similar LMA (Table 4.4) 

were documented amongst LRF treatments, it is prudent to suggest the numerical 

discrepancy in DP, and subsequent carcass ADG is the result of random bruising and 

subsequent trim loss. The resulting numerical decline in DP led to a near identical carcass 

ADG between finishing diets, that calculated to a tendency for 9.2 unit increase in carcass 

ADG: live ADG ratio favoring HRF compared to LRF (96.1 vs 86.9%, P = 0.10) 

There was a tendency for cattle drenched with Lactipro to achieve an additional 

0.21 kg of carcass ADG compared to controls (2.66 vs 2.46 kg, P = 0.10). These findings 

are in concert with Drouillard et al. (2012) who also documented a tendency for 

improved carcass ADG in feeder cattle drenched with M. elsdenii NCIMB 41125 during 

an accelerated step-up process. Additionally, a review of domestic and South African 

Feedlot studies in 2010 by Messier et al., noted a 2.2% improvement for carcass ADG for 

cattle drenched with 1x1010 CFU of M. Elsdenii NCIMB 41125. The authors used a 

probability test to establish significance amongst 7 trials representing 7,663 cattle on a 

spectrum of diets and management systems. Collectively, the ability of Lactipro’s to 

safeguard the sensitive ruminal ecosystem during the arduous dietary transition process, 

triggered improved live animal gain, which transferred to improvement in carcass ADG.     
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Regardless of treatment, the cull cows utilized for this study recorded impressive 

carcass ADG: live ADG ratios (86.9 to 96.1%). These values are considerably higher 

than the figures logged in the serial slaughter study discussed in chapter 3. Although 

many producers fail to use concentrate feeding for realimentation of cull cows, the 

current findings implore retained ownership as a prudent management decision. Although 

the continuum of the ADG observed infers that cull cows in this study had exited the 

compensatory state, it appears beyond restoring previously catabolized visceral tissue, 

nearly all the live weight gain was transferred to the carcass.       

Carcass Traits  

A summary for carcass trait means are presented in Table 4.4. Surprisingly, cattle 

fed HRF diets tended to display lower liver scores (1.02 vs 1.29 units, P= 0.08) compared 

to LRF cows. However, the main effect of diet triggered no other significant impact on 

any other measured characteristics (P ≥ 0.12). Despite the documented delineation in 

caloric density (Table 4.1), additional steam flaked corn was unable to provoke a 

significant difference in subcutaneous backfat, although a modest numerical increase of 

0.05 cm was observed (0.67 vs 0.62 cm). It is possible the short duration of the 

realimentation period (42 d) and the application of ractopamine hydrochloride, enabled 

compositional gain throughout the feeding phase. This premise may help to explain why 

the greatest augmentation in ADG was observed for LRF cattle during the final interim 

period.   

Cattle that were drenched with Lactipro were outpaced by 0.16 units compared to 

their control counterpart for marbling score (3.51 vs 3.35, P = 0.03). Furthermore, a 

numerical 0.07 cm increase in subcutaneous backfat was register for control carcasses 
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compared to Lactipro drenched cattle (0.68 vs 0.61 cm, P= 0.32). There is a paucity of 

data pertaining to the effect of Lactipro on carcass traits. Many of the previous studies 

only tracked cattle through the dietary transition phase when Lactipro is thought to have 

the most profound effects. However, the current finding contradicts those of Leeuw et al., 

(2009); McDaniel et al., (2010); Miller (2013) and Ellerman et al., (2017) who all 

documented no effect of Lactipro inclusion on any carcass trait. However, the most 

noteworthy numerical response in the current study is the added 9.4 kg of HCW (312.4 vs 

303.9 kg, P= 0.31). Further studies with expanded experimental units will be necessary to 

validate this biological response. Even with rigorous screening of candidates before 

placement on trial, immense variance exists when feeding cull cows versus young feeder 

cattle. This consideration should be noted when designing future studies with thin, cull 

beef cows.  

 

 

Implications 

 The realimentation period associated with cull cow compensatory gain, is likely 

shorter than traditional feeder cattle, and strategies should be employed to maximize the 

economy of compositional growth during this timetable. Following compensatory gain, a 

precipitous decline in ADG is traditionally observed, as maintenance values increase with 

the restoration of previously catabolized visceral organ tissue. An effective strategy to 

combat eroding animal gain and feed efficiency could be enhancing the caloric density of 

finishing diets and accelerating the step-up process. Traditionally, the short duration of 

finishing periods, and the large intake potential of concentrate naïve cull cows, have 
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prompted conservative dietary strategies in response to acidosis apprehensions. However, 

administration of Lactipro may empower cattlemen to aggressively step-up cattle and 

exploit compensatory gain. Oral drenching of M. elsdenii NCIMB 41125, increases 

lactate disposal, safeguarding microbial communities against inhospitable pH drops, 

which may trigger additional favorable associative effects in the sensitive ruminal 

ecosystem. Additionally, incorporating Lactipro into dietary adaption protocols can 

alleviate the burden on feedyard mills, tasked with batching multiple transition rations, 

often comprised of bulky roughages leading to expedited wear and tear of equipment. In 

conclusion, Lactipro’s pronounced effect on rumen ecology can lead to advantageous live 

animal responses, particularly in rapid step-up protocols.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



                                  Texas Tech University, Jonathan Charles DeClerck, December 2019 

 

119 

 

 

LITERATURE CITED  

AOAC. 1995. Official Methods of Analysis. 16th ed. AOAC, Arlington, VA. 

 

ARC/Kemira Phosphates, 2006. “Megasphaera elsdenii strain and its uses”. US Patent 

Application Serial Number 10/521,847, MS Biotec (Pty) Ltd., Centurion, South 

Africa. 

 

Brown, T. R., and T. E. Lawrence. 2010. Association of liver abnormalities with carcass  

grading performance and value. J. Anim. Sci. 88:4037-4043. 

 

Birkelo, C.P., D.E. Johnson, and H.W. Phetteplace. 1989. Plane of nutrition and season 

effects on energy maintenance requirements of beef cattle. Energy Metab. Proc. 

Symp. 43:263–266. 

 

Carstens, G.E., D.E. Johnson, and M.A. Ellenberger. 1989. Energy metabolism and 

composition of gain in beef steers exhibiting normal and compensatory growth. 

Energy Metab. Proc. Symp. 43:131–134. 

 

Counotte, G. H. M., R. A. Prins, R. H. A. M. Janssen, and M. J. A. De Bie. 1981. Role of 

Megasphaera elsdenii in the fermentation of DL-[2-13C] lactate in the rumen of 

dairy cattle. Appl. Environ. Microbiol. 42:649-655. 

 

Curley K.O., J.C. Pascal, T.H. Welsh and R.D. Randel. 2006. Technical note: Exit 

velocity as a measurement of cattle temperament is repeatable and associated with 

serum concentration of cortisol in Brahman bulls. J. Anim. Sci. 84:3100-3104. 

doi.org/10.2527/jas.2006-055. 

 

Drouillard, J. S., P. H. Henning, H. H. Meissner, and K-J. Leeuw. 2012. Megasphaera 

elsdenii on the performance of steers adapting to a high-concentrate diet, using 

three or five transition diets. S. Afr. J. Anim. Sci. 42(No. 2): 195-199. 1997. p. 

666.   

 

Ellerman, T.L., L. M. Horton, S. L. Katulski, C. L. Van Bibber-Krueger, C. C. Aperce, J. 

S. Drouillard. 2017. 567 Ruminal characteristics and feedlot performance of 

feedlot steers during accelerated step-up to high-concentrate diets using Lactipro 

Advance. J. Anim. Sci. 95: 277-278, https://doi.org/10.2527/asasann.2017.567 

 

Henning, P.H., C.H. Horn, K-J. Leeuw, and H.H. Meissner. 2010a. Effect of ruminal 

administration of the lactate-utilizing strain Megasphaera elsdenii (Me) NCIMB 

41125 on abrupt or gradual transition from forage to concentrate diets. Anim. 

Feed Sci. Technol. 157, 20-29.  

https://doi.org/10.2527/jas.2006-055
https://doi.org/10.2527/asasann.2017.567


                                  Texas Tech University, Jonathan Charles DeClerck, December 2019 

 

120 

 

Henning, P.H., C.H. Horn, D.G. Steyn, and H.H. Meissner. 2010b. The potential of 

Megasphaera elsdenii isolates to control ruminal acidosis. Anim. Feed Sci. 

Technol. 157, 13-19. 

 

Horn, C.H., A. Kistner, and G. Fouché. 2009. Selective enrichment, isolation and 

characterization of fast growing acid-tolerant and ionophores-resistant lactate 

utilizers from rumen contents of animals on high-energy diets. In: Ruminant 

Physiology – Digestion, Metabolism and Effects of Nutrition on Reproduction 

and Welfare. Wageningen Academic Publishers. pp. 216-217. 

 

Hornick, J.L., C. Van Eenaeme, O. Gerard, I. Dufrasne, and L. Istasse. 2000. 

Mechanisms of Reduced and Compensatory Growth. Domest. Anim. Endocrinol. 

19:121-132. 

 

Kettunen, A., P.H. Henning, C.H. Horn, S. Alaja, and J. Apajalahti. 2008. Capability of 

Megasphaera elsdenii strain NCIMB 41125 and other probiotics to prevent 

accumulation of lactic acid in a rumen model. INRA – RRI Symp., Abstract. 

 

Leeuw, J-K. F. K. Siebrits, P. H. Henning, and H. H. Meissner. 2009. Effect of 

Megasphaera elsdenii NCIMB 41125 drenching on health and performance of 

steers fed high and low roughage diets in the feedlot. S. Afr. J. Anim. Sci. 

39(4):337-348. 

 

Matulis, R. J., F. K. McKeith, D. B. Faulkner, L. L. Berger, and P. George. 1987. Growth 

and Carcass Characteristics of Cull Cows after Different Times-on-Feed, J. Anim 

Sci. 65:669-674. doi.org/10.2527/jas1987.653669x. 

 

McDaniel, M.R., J.M Heidenreich, J.J. Higgens, J.S. Drouillard, P.H. Henning, and C.H. 

Horn. 2009. Investigation of the effects of a viable strain of Megasphaera elsdenii 

NCIMB 41125 on ruminal pH and ruminal concentrations of organic acids 

following a carbohydrate challenge. M.S. thesis of M.R. McDaniel, Kansas State 

University.  

 

Meissner, H. H., P. H. Henning, C. H. Horn, K-J. Leeuw, F. M. Hagg and G. Fouché. 

2010. Ruminal acidosis: A review with detailed reference to the controlling agent 

Megasphaera elsdenii NCIMB 41125. S. Afr. J. Anim. Sci. 40:79-100. 

 

Miller, K. A. 2013. Utilizing Lactipro (Megasphaera Elsdenii NCIMB 41125 to 

accelerated adaptation of cattle to high-concentrate diets and improve the health 

of high-risk-calves. PhD Diss. Kansas State Univ., Manhattan, KS.   

 

Muya, M.C., F. V. Nherera1, K. A. Miller, C. C. Aperce, P. M. Moshidi and L. J. 

Erasmus. 2015. Effect of Megasphaera elsdenii NCIMB 41125 dosing on rumen 

development, volatile fatty acid production and blood β-hydroxybutyrate in 

neonatal dairy calves. J. Anim. Phys. and Anim. Nutr.  99: 913-918. DOI: 

10.1111/jpn.12306 



                                  Texas Tech University, Jonathan Charles DeClerck, December 2019 

 

121 

 

 

Nagaraja, T. G. and E. C. Titgemeyer. 2007. Ruminal acidosis in beef cattle: the current 

microbiological and nutritional outlook. J. Dairy Sci. 90(E. Suppl.):E17-E38. 

 

NCBA. 2016. Executive Summary of the 2016 National Market Cow and Bull Beef 

Quality Audit. National Cattlemen’s Beef Association, Centennial, CO 80112.  

 

NRC. 1996. Nutrient requirements of beef cattle. 7th rev. ed. Natl. Acad. Press,  

Washington, DC. 

 

NRC. 2016. Nutrient requirements of beef cattle. 8th rev. ed. Natl. Acad. Press, 

Washington, DC. https://doi.org/10.17226/19014. 

 

Owens, F. N., D. S. Secrist, W. J. Hill, and D. R. Gill. 1998. Acidosis in cattle: a review.  

J. Anim. Sci. 76:275-286. https://doi.org/10.2527/1998.761275x 

 

Parish, J. 2010. Beef Production Strategies: Compensatory Gain in Cattle. 

www.msucares.com/livestock/beef/mca_junju/2010.pdf (Accessed 13 January, 

2016). 

 

Pritchard, R.H, and K.W. Bruns. 2003. Controlling Variation in Feed Intake Through 

Bunk Management. J. Anim. Sci. 81(E. Suppl. 2):E133-E138. 

 

Rasby, R., A. Stalker, and R. Funston. 2014. Body Condition Scoring Beef Cows: A Tool 

for Managing the Nutrition Program for Beef Herds. 

Extensionpublications.unl.edu. Available at: 

http://extensionpublications.unl.edu/assets/pdf/ec281.pdf (Accessed 6 June 2019). 

 

Rinttilä, T., R. Ristilä, and J. Apajalahti. 2009. Effect of four prophylactic antibiotics on 

the growth and metabolism of Megasphaera elsdenii CH4. Research Report: 

Project KEM0023. Alimetrics Ltd., Espoo, Finland.       

 

Sawyer, J. E.  C. P. Mathis, and B. Davis.  2004.  Effects of feeding strategy and age on 

live animal performance, carcass characteristics, and economics of short-term 

feeding programs for culled beef cows.  J. Anim. Sci. 82:3646–3653.  

doi.org/10.2527/2004.82123646x 

 

Schnell, T. D., K. E. Belk, J. D. Tatum, R. K. Miller, and G. C. Smith. 1997. 

Performance, carcass, and palatability traits of cull cows fed high-energy 

concentrate diets for 0, 14, 28, 42, or 56 days. J. Anim. Sci. 75:1195–1202. 

doi.org/10.2527/1997.7551195x.  

 

Thieszen, J.; C.L. Van Bibber, J.E. Axman, and J.S. Drouillard. 2015. Lactipro 

(Megasphaera elsdenii) Increases Ruminal pH and Alters Volatile Fatty Acids and 

Lactate During Transition to an 80% Concentrate Diet. Kansas Agricultural 

https://doi.org/10.17226/19014
https://doi.org/10.2527/2004.82123646x


                                  Texas Tech University, Jonathan Charles DeClerck, December 2019 

 

122 

 

Experiment Station Research Reports: Vol. 1: Iss. 1. https://doi.org/10.4148/2378-

5977.1036 

 

USDA. 1997. United States Standards for Grades of Carcass Beef. Agric. Market. Serv., 

USDA, Washington, DC  



                                  Texas Tech University, Jonathan Charles DeClerck, December 2019 

 

123 

 

Table 4.1 Ingredient and analyzed chemical composition (DM basis) of diets fed 

during the trial period.  

  Diets  

Ingredient Starter 1 

High Roughage 

Finisher 2 

Low Roughage 

Finisher2 

Corn Grain, Steam Flaked 0.00 47.70 62.05 

Corn Grain, Cracked  15.00 0.00 0.00 

Wet Corn Gluten Feed3 52.00 20.00 20.00 

Ground Cotton Burrs 30.00 25.00 10.00 

Tallow 0.00 3.00 3.00 

Limestone 2.00 1.55 2.00 

TTU Supplement,4, 5 % 1.00 2.00 2.00 

Urea 0.00 0.75 0.95 

    

Analyzed composition6    
DM, % as-fed7 73.61 77.31 75.53 

CP, % 16.80 14.34 14.31 

NEm, Mcal/kg   1.43 1.88 2.11 

NEg, Mcal/kg   0.86 1.22 1.45 

NDF, % 33.67 25.55 17.81 

Fat, % 2.93 5.60 6.23 

Ca, % 1.19 0.80 0.81 

P, % 0.80 0.42 0.42 

K, % 2.12 0.95 0.77 

Mg, % 0.41 0.24 0.22 
1 The starter diet was blended with the finisher diet over the first 9 d of the trial. Cattle 

received a 75% starter to 25% finisher blend from d 0 to 3 on a DM basis, and 50% 

starter to 50% finisher blend from d 4 to 6 on a DM basis, and a 25% starter to 75% 

finisher blend on a DM basis from d 6 to 9 of the trial.  
2 The finisher diet, was blend with the starter diet from day 0 to 9, and fed exclusively 

to all cattle following d 10, and throughout the 42-d trial. 

3 Sweet Bran (Cargill, Dalhart, TX) 
4 Supplement composition (DM basis): 67.755% Cottonseed meal, 15.000% NaCl, 

10.000% KCl, 3.760% Urea, 0.986% Zinc sulfate, 0.750% monensin (Rumensin-90; 

Elanco, Greenfield, IN), 0.506 Tylan-40 (Elanco), melengesterol acetate [MGA 500, 

Pfizer, New York, NY; 0.4 mg∙animal-1∙d-1], 0.500% Endox (Kemin Industries, Des 

Moines, IA), 0.196% Copper sulfate, 0.167% Manganese oxide, 0.157% vitamin E  

(500 IU/g), 0.125% selenium premix (0.2% Se), 0.083% iron sulfate, 0.010% vitamin 

A (1,000,000 IU/g), 0.003% ethylenediamine dihydroiodide, and 0.002% cobalt 

carbonate. 
5 Following the first weigh period, ractopamine hydrochloride (21.0 g/ton; Actogain 45, 

Zoetis, Florham Park, NJ) was added to the premix fed for the final 28 d.   
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6 Composition of weekly composite samples (2 starter diet, 6 High Roughage, 6 Low 

Roughage finisher) analyzed at a commercial laboratory (Servi-Tech Laboratories, 

Amarillo, TX). DM calculated weekly (forced air oven for 24 h at 100°C).  
7 Diet DM was calculated using weekly ingredient sample DM records. 
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Table 4.2 Effects of Megasphaera elsdenii1and diet roughage level2 on feedlot performance characteristics of beef cull 

cows finished for 42 d.    

 Probiotic1  Diet2    P-values  

Item  0 mL 100 mL   LRF HRF   SEM3   Probiotic Diet  Diet x Probiotic  

Initial BW, kg 456.1  456.4  456.8 455.7  6.76  0.98 0.94 0.92 

Final BW, kg 568.1  579.6  580.0 567.7  8.05  0.49 0.46 0.69 

d 0 to 14            
ADG, kg 4.68 4.95  4.86 4.77  0.16  0.40 0.77 0.59 

G:F 0.386  0.392  0.395 0.383    0.009  0.76 0.53 0.96 

DMI, kg/d  12.11 12.67  12.26 12.52  0.31  0.37 0.68 0.46 

d 14 to 28            
ADG, kg 2.45 2.21  2.34 2.32  0.13  0.36 0.94 0.29 

G:F 0.179  0.164    0.182  0.162    0.014  0.61 0.51 0.24 

DMI, kg/d  14.29 14.44  13.82 14.92  0.35  0.84 0.12 0.63 

d 28 to 42            
ADG, kg 0.87     1.64  1.59 0.91  0.18  0.03 0.05 0.40 

G:F 0.055  0.103  0.106 0.052    0.013  0.05 0.03 0.32 

DMI, kg/d  15.30 16.15  14.73 16.71  0.38  0.25 0.01 0.78 

Entire Trial             
ADG, kg 2.67 2.93  2.93 2.67  0.08  0.08 0.08 0.39 

G:F 0.195   0.208   0.219 0.183    0.006  0.27 <0.01 0.19 

DMI, kg/d  13.88    14.39   13.58 14.69   0.32   0.44 0.09 0.78 
1Cows were orally dosed with either 0 mL or 100 mL of Megasphaera Elsdenii (Lactipro Advance; MS Biotech, Inc., 

Wamego, KS) on d 0 of the trial. 
2Cows were finished on a low roughage finisher "LRF" (10% roughage on a DM basis) or a high roughage finisher "HRF" 

(25.00% roughage on a DM basis).  
3Pooled Standard error of treatment means (diet: n = 24 pens/main-effect mean; Probiotic: n = 24 pens/main-effect mean). 
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Table 4.3 Effects of Megasphaera elsdenii1 and finishing diet roughage level2 on carcass transfer parameters of beef cull cows 

finished for 42 d.    

 Probiotic1  Diet2    P-values  

Item  0 mL 100 mL   LRF HRF   SEM3   Probiotic Diet  

Diet x 

Probiotic  

Initial body condition score 2.04 1.99  2.12 1.91  0.16  0.64 0.14 0.50 

Final body condition score  5.02 5.23  5.34 4.98  0.26  0.53 0.16 0.72 

Carcass ADG4, kg  2.46 2.66  2.55 2.57  0.07  0.10 0.71 0.92 

Carcass ADG:Live ADG 92.1    90.7  86.9 96.1     2.61  0.58 0.10 0.20 

Carcass G: F  0.177  0.185   0.188  0.175     0.006   0.20 0.14 0.32 
1Cows were orally dosed with either 0 mL or 100 mL of Megasphaera Elsdenii (Lactipro Advance; MS Biotech, Inc., 

Wamego, KS) on d 0 of the trial. 
2Cows were finished on a low roughage finisher "LRF" (10% roughage on a DM basis) or a high roughage finisher "HRF" 

(25.00% roughage on a DM basis).  
3Pooled Standard error of treatment means (diet: n = 24 pens/main-effect mean; Probiotic: n = 24 pens/main-effect mean). 
4 Computations of carcass ADG, carcass G: F, and carcass ADG: live ADG were calculated by applying a 44% standard 

dressing percent to the initial BW to estimate initial HCW. 
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Table 4.4 Effects of Megasphaera elsdenii1 and finishing diet roughage level2 on carcass traits of beef cull cows finished 

for 42 d.    

 
Probiotic1 Diet2 

SEM3 

P-values  

Item  0 mL 100 mL LRF HRF Probiotic Diet  Diet x Probiotic  

HCW, kg   303.9   312.4 308.0 308.3    4.0 0.31 0.97 0.89 

Dressing percent  53.7     54.1   53.3   54.5    0.6 0.78 0.35 0.57 

LMA, cm2     66.13     66.03   66.11   66.05    1.01 0.96 0.98 0.61 

12th rib fat, cm     0.68   0.61  0.67     0.62 0.04 0.32 0.43 0.69 

Marbling score4   3.51   3.35  3.43     3.43 0.04 0.03 0.94 0.62 

Calculated yield grade   2.68   2.63  2.69     2.62 0.05 0.61 0.54 0.11 

KPH, %   1.27   1.24  1.26     1.25 0.02 0.42 0.79 0.74 

Skeletal maturity5   4.24   4.31  4.24     4.31 0.05 0.47 0.48 0.89 

Lean maturity6   2.74   2.61  2.60     2.74 0.04 0.13 0.12 0.76 

Liver score7    1.12   1.19  1.02     1.29 0.07 0.70 0.08 0.66 
1Cows were orally dosed with either 0 mL or 100 mL of Megasphaera Elsdenii (Lactipro Advance; MS Biotech, Inc., 

Wamego, KS) on d 0 of the trial. 
2Cows were finished on a low roughage finisher "LRF" (10% roughage on a DM basis) or a high roughage finisher "HRF" 

(25.00% roughage on a DM basis).  

3Pooled standard error of treatment means (diet: n = 24 pens/main-effect mean; Probiotic: n = 24 pens/main-effect mean) 
43.00 = Slight00, 4.00 = Small00        
510 - 19 = A Maturity; 20 - 29 = B Maturity; 30 - 39 = C Maturity; 40 - 49 = D maturity; 50 - 59 = E Maturity    

610 - 19 = A Maturity; 20 - 29 = B Maturity; 30 - 39 = C Maturity; 40 - 49 = D Maturity; 50 - 59 E Maturity 

71= Normal Liver; 2 = A- (1-2 small abscesses); 3 = A (2 - 4 small active abscesses); 4 = A+ (> 4 small active abscesses)  
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Figure 4.1. Effect of finishing diet roughage level on ADG observed over three two-wk 

interim periods during a 42-d cull cow realimentation period. Treatments were HRF 

(47.7% steam flaked corn, 20% wet corn gluten feed, 25% ground cotton burrs, 3% fat, 

1.55% limestone, 0.75% Urea and 2.0% mineral/vitamin package) and LRF (62.05% 

steam flaked corn, 20%wet corn gluten feed, 10% ground cotton burrs, 3% fat, 2.0% 

limestone, 0.95% Urea and 2.0% mineral/vitamin package). From d 28 – 42 LRF had a 

0.68 kg improvement in ADG compared to HRF (P = 0.05, SEM = 0.08).  
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Figure 4.2. The simple effects of Megasphaera elsdenii NCIMB 41125 on ADG of beef 

cull cows finished for 42 d. Control treatment received no probiotic, while cattle 

designated to Lactipro treatment received 100 mL of Megasphaera Elsdenii NCIMB 

41125 (2 x 108 cfu/mL; Lactipro Advance; MS-Biotec Inc., Wamego, KS) on d 0. 

Lactipro administered cattle documented a greater ADG from d 28 – 42 compared to 

controls (P = 0.03, SEM = 0.08).  
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CHAPTER V 

 

THE INFLUENCE OF MEGASHAERA ELSDENII ON RUMEN 

MORPHAMETRICS OF CULLS COWS IMMEDIATELY STEPPED UP TO A 

FINISHING DIET. 

Abstract 

 

Forty-five beef cull cows were (BW = 503 ± 58 kg; BCS = 2.1 ± 0.6) randomized into 

two treatments to compare the effects of oral drenching of 0 versus 100 mL of 

Megashaera elsdenii NCIMB 41125 (Lactipro; Lactipro Advance; 2 x 108 cfu/mL; MS-

Biotec Inc., Wamego, KS) on the realimentation of cull cows. The study featured a rapid 

0-d step up of concentrate-naïve cull cows to a 90% concentrate diet (1.43 mcal/kg of 

NEg). The cows were finished for 35-d and were fitted with a wireless rumination tag 

(Allfex Flex Tag; SCR Engineers, Ltd., Netanya, Israel), which tracked head movement 

to record eating and chewing activity. Rumen morphometrics were recorded on the 

harvest floor, with each carcass assigned a rumenitis score, and a fragment of the cranial 

sac removed for further papillae analysis. An additional 23, thin, non-fed cull cows were 

harvested at the same abattoir to compare the effects of concentrate realimentation on 

ruminal morphometrics. Lactipro-drenched cattle registered a 13.3% increase in 

rumination time (39.27 minutes/d, P = 0.03) during the first wk of the trial. A numerical 

rumination advantage for Lactipro administered cattle was observed during wk 2 of trial 

(P = 0.17), with no differences distinguished between treatments from wk 3 to 5 (P ≥ 

0.40). Subjective rumenitis evaluations approached a tendency (P = 0.12), with non-

Lactipro drenched concentrate-fed cattle logging twice the score of their d 0 cohorts (2.52 

vs. 1.17) suggesting considerable lactic insults occurred to the ruminal epithelium in the 
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short 35-d trial. Despite the short feeding duration, concentrate realimenation prompted 

an improvement in mean papillae area (P < 0.01). Generally, a precursor of enhanced 

VFA absorption, rapid papillae surface area growth may help explain the 

uncharacteristically high ADG (2.25 kg) observed in this study. Amongst concentrate-fed 

treatments, Lactipro-drenched cattle posted superior absorptive surface area (P =0.01) 

and a greater ratio of papillae area of absorptive surface area (P = 0.05). Collectively, it 

is apparent that Lactipro is favorably altering the ecology of the rumen and promoting 

papillae growth poteintial via mitigation of lactate-driven pH drops. Oral application of 

Lactipro augments live performance, but to a greater extent improves ruminal health. In 

conclusion, Lactipro application in a 0-d step up protocol to finishing diets, can help 

mitigate the deleterious effects of ruminal acidosis.    

Key words: Lactipro, cull cow, Megasphaera elsdenii, rumination, rumen 

morphometrics, papillae    
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Introduction 

Always a prevalent threat, the insidious nature of acidosis underscores the 

importance of a successful diet adaptation strategy (Owens et al., 1998). With processed 

grains comprising the majority of carbohydrate-dense feedlot diets (Samuelson, et al., 

2016), ruminal organic acid production can exceed absorption and passage of digesta, 

fostering an inhospitable drop in pH (Nagaraja and Titgemeyer, 2007). Although 

considerable efforts have been made to alter fermentation by tempering ruminal pH 

(Russell and Rychlik, 2001), enhancing absorption of organic acids could also mitigate 

acidosis. With 65 to 75% of metabolizable energy absorbed via papillae (Sutton 1979; 

Bergman, 1990), dietary transition strategies should not only focus on cultivation of 

amylolytic and lactate using bacteria within the microbiome, but also, proper 

development of the microbiota to improve timely VFA absorption. Failure to adapt the 

sensitive ecosystem of the rumen can lead to continued acid insults and the surreptitious 

state of subacute acidosis. Although liver abscesses are often utilized for post hoc 

detection of acidosis bouts, over time these ulcerations may heal, concealing prior insults 

(Itabisashi, 1987). In contrast, healed ruminal lesions are barren of papillae and appear as 

tangible scars (Thomson, 1967). Consequently, rumenitis scores can serve as an objective 

log, denoting prior acidotic insults which may have occurred during the dietary transition 

phase.  

Lactipro Advance, (Lactipro; MS Biotec Inc., Wamego, KS) is a commercially 

available patented strain (NCIMB 41125) of the bacterium Megashaera elsdenii.  During 

in vitro acidosis challenges, mediation of ruminal pH has routinely been achieved by M. 

elsdenii, which is credited with vanquishing 60 to 80% of lactate in vivo (Counotte et al., 
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1981). Although, M. elsdenii NCIMB 41125 has demonstrated an ability to halt acidosis 

in controlled in vitro settings (ARC/Kemira Phosphates, 2006; Kettunen et al., 2008; 

Horn et al., 2009; McDaniel et al., 2009), it has failed to consistently trigger 

improvements in vivo (McDaniel et al., 2010; Drouillard et al., 2012; Thieszen et al., 

2015). It is possible that the efficacy of Lactipro is only distinguishable in severe acidosis 

challenges. It is our contention that a cull cow (presumably on a forage-based diet) is a 

formidable model for an acidosis challenge when placed directly on a concentrate diet for 

realimenation prior to slaughter. Culls cows have an exorbitant intake potential, 

compliments of a greater ruminal capacity, and elevated circulating insulin like growth 

factor-1 (IGF-1) concentrations (Yambayamba et al., 1996), provoked by the 

compensatory state’s drive to regain catabolized tissues.  Collectively, the objective of 

this project is to clarify the effect of M. elsdenii NCIMB 41125 (Lactipro Advance) on 

animal health and rumen morphometrics in beef cull cows immediately transitioned to a 

calorically dense finishing diet.    

 

Materials and Methods 

 

All experimental procedures were reviewed and approved by the Texas Tech 

University Institutional Animal Care and Use Committee (IACUC #18030-03). The 

experiment was conducted at the Texas Tech University Beef Cattle Research and 

Teaching Unit located 9.7 km east of New Deal, TX.  

Pretrial Animal Selection and Management  
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On May 18, 2018 (d -18), 5 semi-loads of beef cull cows were procured from sale 

barns located in southern Texas and transported to Texas Tech University’s Beef Center 

Teaching and Research Unit in New Deal, TX (n=160). Cattle were unloaded and housed 

with pot load groups (5 loads; 32 cows/load) in soil surface pens (27 x 37 m) and given 

ad libitum access to water and hay (native grass round bales). Pens featured cement fence 

line bunks which rested over a 3 m concrete apron. Cattle were allotted 27 m2 of pen 

space, and approximately 0.70 m of linear bunk space. Cattle were palpated by a 

professional embryologist to determine pregnancy status and were assigned an 

identification tag. Prior to trial initiation cows were fed 6.8 kg of a starch-free 

maintenance diet comprised of wet corn gluten feed (Sweet Bran; Cargill Corn Milling, 

Dalhart, TX) and cotton burrs (Table 5.1) to determine each cow’s willingness to 

consume a concentrate base diet. Only proven bunk broke cattle with requisite docility 

and general health parameters were considered as trial candidates. On May 25, 2018, (d -

11) possible trial candidates were processed (Silencer chute; Moly Manufacturing, 

Lorraine, KS; mounted on Avery Weigh-Tronix load cells, Fairmount, MN; readability ± 

0.45 kg). Processing procedures included documentation of body weight (BW), 

subjective assignment of body condition score (BCS) chute disposition score, and 

allocation of a wireless rumination ear tag (Allfex Flex Tag; SCR Engineers, Ltd., 

Netanya, Israel). A trained evaluator assigned a visual BCS to each cow, in accordance 

with the guidelines published by Rasby et al., (2014). Cows selected for inclusion in the 

study (n=45) were open (non-pregnant), ranged in visual BCS from 2 to 5-, had 

manageable disposition scores, demonstrated a willingness to consume concentrate feed, 

appeared structurally sound, healthy, and not physically weak. Cows designated to the 
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trial were housed in an open access pair of soil surface pens previously described (27 x 

37 m). Once fitted with electronic Allflex Flex Tags, cows were given a 10-d period to 

monitor daily rumination and activity, with the resulting data stored in SCR DataFlow II 

software system (SCR Engineers, Ltd., Netanya, Israel). This period served as the 

baseline and was used to quantify the effects of the rapidly fermentable carbohydrate 

challenge.  

Experimental Design  

The study utilized a direct comparison of treatments organized as a complete 

randomized design. Selected cows (n= 45) were randomly assigned to treatments:1) 

Control, 23 cattle were allocated to the negative control group and received 0 mL 

probiotic, and 2) Lactipro, 22 cows received an oral drench of 100 mL of Lactipro 

Advance (M. elsdenii NCIMB 41125, 2 x 108 cfu/mL). Cows received the same ration 

throughout the trial and the finisher diet was introduced on d-0, and continuously fed 

throughout the 35-d finishing period.    

Cattle Management 

On the morning of June 5, 2018 (d 1) cows were reweighed and sorted from the 

silencer chute into their respective treatments. Additional processing methods included 

all cows receiving a trenbelone acetate/estradiol combination implant (Synovex Plus; 

Zoetis, Parsippany, NJ; lot 234103 expiration 07/2020) an oral anthelmintic (Valbazeen; 

Zoetis, Parsippany, NJ, lot 128635, expiration 11/2018). Additionally, the 22 cows 

stratified to the Lactipro treatment received an oral drench with 100 mL of Lactipro 

Advance (M. elsdenii NCIMB 41125, 2 x 108 cfu/mL; lot 5052018 expiration 7/04/2018; 



      Texas Tech University, Jonathan Charles DeClerck, December 2019 

 

 

136 

 

MS Biotec, Wamego, KS). Once allocated into treatment groups, cattle were moved back 

to the soil surface pens previously described (27 x 37 m). Cattle were allotted 27 m2 of 

pen space, and approximately 0.75 m of linear bunk space, with the cement trough fasten 

on top of a 3 m concrete apron. These pens contained a mound and were fitted with a 

shade structure designed to help alleviate heat stress. Cattle were managed in treatment 

groups pens in an effort to elevate the risk for overconsumption during the non-structural 

carbohydrate challenge.  

The trial diet was formulated to exceed the National Research Council (1996) 

requirements and was milled at the Texas Tech Burnett Center Feed Mill. Diet 

composition and nutrient analysis of diets utilized during the pre-trial and trial periods are 

presented in Table 5.1: Both diets included a supplemental premix, which was blended 

with a ground corn carrier with a commercial micro-mixer and was batched with the total 

mixed ration. The finishing diet contained monensin (Rumensin-90; Elanco, Greenfield, 

IN targeted at a rate of 300 mg∙animal-1∙d-1), tylosin phosphate (Tylan-40; Elanco, 

Greenfield, IN, formulated at a rate of 12.1 mg/kg DM), melengestrol acetate (MGA 500, 

Zoetis Animal Health, Parsippany, NJ; targeted at a rate of 0.4 mg∙animal-1∙d-1 ) and 

ractopamine hydrochloride (Actogain 45, Zoetis, Parsippany, NJ targeted at a rate of 300 

mg∙animal-1∙d-1).  

Without a diet adaptation period, cattle were aggressively stepped up to maximum 

intake to prompt an acidosis challenge. Cattle were program fed with feed deliveries 

predetermined, regardless of bunk calls during the first 5 d. On d 1 of the trial, cows were 

fed approximately 1.75% of their BW on an as-fed basis. Subsequently, from d 2 to d 5 

cattle were challenged with an additional 0.25% of their BW ending with a DMI of 
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2.75% on an as-fed basis. Following d 5, diet delivery was dependent on feed bunk calls. 

Feed bunks were evaluated daily at approximately 0730. Refusals were estimated, 

recorded, and used to inform daily feed deliveries. Feed bunks were monitored with the 

goal of ≤ 0.45 kg of dry refusals. The slick bunk management technique employed in this 

study was extensively reviewed by Pritchard and Bruns (2003).  

Feed was mixed daily, and a skid-steer was used to add ground cotton burrs and 

corn gluten feed to a tractor-pulled mixer (Rotomix, Dodge City, KS). The remaining 

ingredients were batched in a paddle type mixer, and delivered by a drag chain conveyor 

system, to the Rotomixer. A standard, stationary 5-min mix was applied to complete the 

diet. In an attempt to trigger ruminal pH declines, feed was distributed to cattle once daily 

beginning at 0800 h.   

Daily feed samples were obtained from the Rotomix and stored at -15.6° C for 

further analysis. Following trial completion, composites were generated for each week. 

Samples were thawed, forced through a separator and placed in a bucket, and mixed 

thoroughly for 1 min to create weekly composites. Composites were submitted for 

proximate analysis (Servi-Tech Laboratories, Amarillo, TX) using the methodology 

outlined by AOAC (1995). Diet composition and chemical analysis can be found in Table 

5.1. Additionally, weekly dietary and ingredient samples were collected for DM analysis 

(forced-air oven for at 100°C for 24 h). With storage of cotton burrs and corn gluten feed 

in outdoor concrete bunkers, these ingredients were sampled and dried using the 

methodology previously described following any precipitation event. Collectively, 

ingredient DM records were the basis of diet formulation and DMI computations. Finally, 

all daily feed refusals greater than approximately 5 kg, were removed from the bunk, 
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weighed, sub-sampled and dried (forced-air oven for at 100°C for 24 h) to adjust DMI 

records. Individual BW measurements were recorded on d -11, 0, 1 and 35. Automatic 

water troughs were cleaned twice weekly and a daily log was maintained to track health 

and monitor heat stress. 

An acidosis intervention protocol was established for the study period. Bloat 

scores were monitored daily and recorded 2, 4 and 6 h after feeding. Assignment of bloat 

scores was congruent to the work of Paisley and Horn (1998). Surprisingly, no cow 

exhibited any signs of bloat throughout the trial, and only minimal clinical signs of 

acidosis were observed on two separate occasions, each for cattle designated to the 

control group. Furthermore, no cattle revealed signs of bovine respiratory disease or any 

other aliment. As such, no animals were treated or removed from the study.  

Rumination Data Collection  

 Widely recognized as a measure of health, rumination (Liboreiro et al., 2015) and 

activity was tracked throughout the 35-d trial. Data was recorded with a wireless 

rumination monitoring system, as cows were assigned an Allflex Flex Tag (SCR 

Engineers Ltd., Netanya, Israel) on d -11. This waterproof tag (25 g, height = 68mm, 

width = 38mm, diameter = 15mm) is equipped with a 3-year battery, and a 2.4 GHz 

communication capability. The tag tracks the cyclical head motions made during 

chewing, and is used to estimate total rumination, and continuously stores 24 h of data. 

Activity is measured as general animal movement and is among the parameters used by 

the system to system to monitor animal health. At 20-min intervals the SCR Radio 

Frequency Base Unit, collected data from the rumination tag and stores the downloaded 



      Texas Tech University, Jonathan Charles DeClerck, December 2019 

 

 

139 

 

information on the herd management software (Heatime Pro+; SCR Engineers Ltd., 

Netanya, Israel). The radio frequency base unit is equipped with a long-distance antenna 

which features a typical range of 200 to 500 m, dependent on weather and other 

variables. The summation of daily activity and rumination duration was generated by the 

software and used to monitor cattle during the trial.    

Post-Mortem Data Collection 

 Two harvest events were used to compare the effect of concentrate realimentation 

and Lactipro Advance on rumen morphometrics. On May 22, 2018 a group of forty, thin, 

beef cull cows were sourced from several West Texas Ranches and harvested at Preferred 

Beef in Booker, TX. These open cows had recently weaned calves and would be 

classified as either “lean and light” (BCS ≤ 3) or “boners” (BCS 4 – 6). Visually, they 

were a reasonable facsimile of the cows placed on feed at the Texas Tech Beef Teaching 

and Research Unit. Additionally, each carcass generated from these cows, that was 

subsequently utilized in the d-0 analysis, displayed yellow subcutaneous fat, validating a 

lack of concentrate feeding (Dunne et al., 2008; Woerner, 2010). A random number 

generator was used amongst cows with non-condemned livers, to select a subset of cattle 

(n=23) for trial inclusion. These cows were used to establish a baseline of effects of 

concentrate feeding on ruminal morphometric computations.  

Rumen morphometric data was captured on the harvest floor. Plant employees, 

under the direction of Texas Tech personnel, opened the rumens of selected cows, and 

removed all digesta. Rumens were then transferred to wash tables and cleaned by Texas 

Tech personnel. Two trained evaluators independently assessed the entire rumen 

epithelium with each assigning a subjective score.  These scores were later averaged to 
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create a composite estimate. The methodology utilized to define rumenitis scores was 

described by Bigham and McManus (1975) where scores are linearly arranged where: 0 

denotes no ulcerations, and 10 represents (severe lesions). In addition, a 3 cm2 tissue 

sample was removed from the left side cranial dorsal sac in the method previously 

described by Lesmeister et al., (2004). Each biopsy sample was placed in a sterile, 

general purpose specimen container, filled with 70% ethanol, and placed on ice. 

Following fragment removal plant personnel disposed of the rumens as inedible waste.   

The second group of cattle, that participated in concentrate realimentation were 

harvested on July 11, 2018 at Preferred Beef (Booker, TX). At the time of harvest, liver 

scores and estimated percentage of kidney heart and pelvic fat (KPH) were recorded. 

Liver scores were evaluated in accordance with the Eli Lilly Liver Check System 

(Elanco, Greenfield, IN) as published by Brown and Lawrence (2010). Rumen 

morphometric data was captured in the method previously described. Considerable effort 

was undertaken to collect ruminal data, which precluded direct recording of HCW on the 

harvesting floor. As such, plant personnel provided HCW information from an internal 

data tracking system. The following day, carcasses were cut open between the 12th and 

13th rib interface by plant employees and routine carcass data was evaluated by Texas 

Tech University Gordon W. Davis Meat Laboratory personnel. Carcass measurements 

taken were loin muscle area (LMA), 12th-rib fat, marbling score, lean maturity and 

skeletal maturity. Subsequently, these measurements where used to calculate yield grade 

using the standards set forth by the USDA (1997).  

  Completion of rumen morphometric data analysis was conducted using the 

methodology outlined by (Resende Júnior et al., 2006; Melo et al., 2013; Murillo et al., 
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2014; Hoffmann et al., 2018). Ruminal tissue samples arrived at the Texas Tech Animal 

and Food Science Building on May 22, 2018 and July 12, 2018 for non-fed and 

concentrate-fed cattle, respectively. Samples were removed from their cooler transporters 

and preserved at approximately 2°C. Prior to analysis, samples were washed with alcohol 

and transferred to new containers immersed with clean 70% ethanol. In order to 

accurately measure the sample surface of the rumen wall, epithelium tissue preparation 

was completed by removal of excess connective and adipose tissues, and subsequent 

cutting with a scalpel into approximately 1-cm2 fragments. Manual counting by 5 trained 

personnel was used to establish the number of papillae per cm2 (NOP) of rumen wall. All 

personnel were blinded to treatments and only aware of plant assigned sample number. 

Sample numbers were only matched to live animal tags following analysis. Subsequently, 

12 papillae were randomly selected and removed from each fragment with a scalpel. Each 

removed papillae and their corresponding tissue fragment were placed into a petri dish. A 

premeasured, 1 cm line was added to each dish, to calibrate the software. Samples were 

frequently cleaned with distilled water to improve resolution and to help adhere papillae 

to the petri dish surface. The petri dish containing the samples were subsequently scanned 

(HP Deskjet 3510; Hewlett-Packard, Palo Alto, CA) with images analyzed by the Image 

Tool software package (The University of Texas – Health Science Center, San Antonio, 

TX). Following software calibration using the standard 1 cm line in each petri dish, 

fragments and papillae specimens were traced by hand and surface area measurements 

were recorded.    

Statistical Analysis 
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Data were analyzed using a one-way ANOVA to compare treatments (SPSS 

Statistics 25.0; IBM; Armonk, NY). Lactipro application was considered an independent 

variable while animal was declared the experimental unit. Several post hoc tests were 

conducted to evaluate the assumptions of the model. The normality of errors assumption 

was solidified with the Shapiro Wilk’s test, homogeneity of variances assumption was 

confirmed with Bartlett’s test, and the sphericity assumption was confirmed using a 

Mauchely’s test. For the results of the current study, significance was declared at (P ≤ 

0.05); while all probabilities of (P ≥ 0.06 to P ≤ 0.10) are discussed as tendencies. 

Weights were shrunk 2% and % for initial and final measurements, respectively. 

Initial weights were derived from averaging measurements recorded during d 0 and d 1. 

To improve BCS precision, all subjected scores were recorded on a scale of 1-9, with + 

signifying the top 1/3 and – representing the bottom 1/3. For statistical analysis these data 

were transformed to a 27-point scale. Following data analysis, values were divided by 3 

and reported on a 1-9 scale.   

A standard dressing yield of 44% was applied to the shrunk starting BW of each 

individual cow to calculate carcass ADG, carcass G: F, and the ratio of carcass ADG: live 

ADG. The standard dressing yield (44%) was established following consultation with 

Travis Herod of Preferred Beef (Booker, TX; personal communication). Travis estimated 

that thin, non-fed cows would dress approximately 44% using the plant methodology of 

Preferred Beef. Individual carcass G:F was computed as the quotient of carcass gain 

divided by the treatment average DMI, and was not replicated as cattle were community 

fed. As such, DMI and both G:F values are merely provided to add additional context to 

the average of each treatments.  
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 Daily activity and rumination values were averaged over each weekly period in 

the trial. These composite averages were expressed as deviations from the “baseline 

value” established during the pre-treatment period. During this time, cattle were 

consuming ad libitum native grass hay and 6.8 kg of a starch free maintenance diet 

comprised of wet corn gluten feed and cotton burrs (Table 5.1). The delta of these values 

was used to establish the change in activity and rumination due to the rapidly fermentable 

carbohydrate challenge.  

 Ruminitis scores were independently assessed by two trained evaluators with their 

scores subsequently averaged. Five trained personnel were used to establish the number 

of papillae per cm2 (NOP) of rumen wall. If the coefficient of variation for the 

independent counts exceeded 5% the fragment was reexamined by all counters. 

Correspondingly, the mean papillae area (MPA) was generated by averaging the value of 

12 randomly removed papillae using the Image Tool software. Absorptive surface area 

(ASA) cm2 was calculated using the following computation: 1+(NOP*MPA) – (NOP 

*0.002) (Daniel et al., 2006), where 1=1-cm2 fragment collected from the cranial sac, 

NOP= number of papillae, MPA= mean papillae area and 0.002 is the approximate basal 

area of papillae (area unable to absorb nutrients). Finally, the formula used to estimate, 

the percent of papillae comprising the absorptive surface was: (NOP*MPA)/ (ASA) 

*100. Where NOP= number of papillae, MPA= mean papillae area, and ASA= absorptive 

surface area.   

Results and Discussion 

Live performance parameters  
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 Summarized feedlot performance parameters are presented in Table 5.2. Live 

animal gain was not the primary focus of this study, as cattle were comingled in group 

housing, precluding the ability to analyze DMI and G:F. However, the treatment means 

(calculated by pen DMI data) for these values are presented to bring resolution to the rest 

of the analyzed data. By design, there was no difference in initial BW or BCS (P ≥ 0.98). 

Oral drenching of Lactipro elicited a 15% numerical improvement in ADG (2.41 vs 2.09 

kg, P = 0.32) over the 35-d trial. Although the value was not significant, it echoes the 

9.7% improvement (2.93 vs 2.67 kg, P = 0.08) in ADG documented over a 42-d finishing 

period documented in chapter 3. The cattle in both these trials were managed in an 

analogous fashion with a few caveats. The cattle in the referenced trial were housed 

3/pen, with a 10-d step-up period and 42-d finishing phase. The diet employed in the 

current study was the same as the low roughage finisher (LRF-treatment) from chapter 3. 

With performance not the primary focus of this study, failing to achieve significant power 

was not surprising. However, the near equivalent management strategies conducted in 

subsequent summers, reinforces the promising performance data presented in chapter 3. 

Building onto this narrative, final BW and BCS scores for Lactipro administered cattle 

were numerically superior but also failed to capture statistical significance (P ≥ 0.61).  

 Available literature features a diversity of live animal performance responses to 

oral drenching with Lactipro. Regardless of cattle age, studies with aggressive diets (low 

roughage, high caloric density) and expedited step-up protocols have reported augmented 

live ADG as a result of Lactipro application (Henning et al. 2010a). It appears that more 

conventional approaches to diet adaptation may conceal the benefits of Lactipro 

inoculation (McDaniel et al., 2010; Thieszen et al., 2015).  
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 In concert with the trend observed in chapter 3, a 0.31 kg augmentation of 

estimated carcass ADG in the current study approached a tendency (2.30 vs 1.99 kg, P = 

0.17) and was also in favor of Lactipro treated cattle. These values are analogous to a 

study conducted by Drouillard et al. (2012) and a meta-analysis of 7 experiments 

computed by Messier et al. (2010), who noted a tendency and a significant improvement 

respectively, for M. elsdenii NCIMB 41125 treated cattle to capture the advantage in 

carcass ADG compared to controls.  

Regarding the current study, the prodigious carcass transfer (ratio of carcass 

ADG: live ADG) demonstrated by both treatments underscores the metabolic efficiency 

of cull cows experiencing compensatory gain. These means are likely somewhat inflated, 

due to the rigorous pre-trial selection process, where cattle had to demonstrate the 

docility and the penchant to consume bunk delivered feed. Additionally, no cow was 

treated for any aliment during the trial further promoting compositional gain. The 

improvement in ther current study carcass transfer compared to values observed in 

chapter 3, may also be a result of the roughage density of the diet. It is this author’s 

believe that the additional 5% cotton burrs and 12% lower steam-flaked corn levels 

utilized in chapter 3, caused cattle to consumer to their bulk fill, leading to considerable 

gastrointestinal tract gains. Finally, no carcass in the current study was subject to 

significant plant trim as a result of bruising. However, past restoring previously 

catabolized organ tissue, it appears that over a short duration nearly all the live animal 

gain is transferred to the carcass.     

Daily Rumination and General Activity Times 
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 Additional resolution of Lactipro’s effects during the rapidly fermentable 

carbohydrate challenge is presented in Table 5.3. Treatment means for activity and 

rumination were generated by establishing daily averages by wk and reported as 

deviation from the baseline period. The delta (∆) for each period elucidates the effect of 

transitioning from a roughage-based diet to a concentrate ration. Based on ranges 

provided by the NRC (2016), cull cows were ruminating at a level commensurate with 

fiber intake during the baseline period, where no differences were observed between 

treatments for either rumination or activity (P ≥ 0.19). A difference between treatments 

was distinguished during the first wk of the trial, where Lactipro drenched cattle 

documented a 13.3% increase in rumination time (-280.58 vs -319.85 minutes/d, P = 

0.03). Although previous research has portrayed ambivalent performance responses to 

Lactipro, numerous studies have touted M. elsdenii NCIMB 41125 ability to vanquish 

ruminal lactate (Kettunen et al., 2008; Henning et al. 2010a; Henning et al., 2010b; 

Ellerman et al., 2017) and accordingly mediate pH (ARC/Kemira Phosphates, 2006, 

McDaniel et al., 2009; Henning et al., 2010b, Meissner et al., 2010). The results of the 

current study suggest that Lactipro acted as a counterbalance to the copious amounts of 

rapidly fermentable substrate introduced to the rumen of concentrate naïve cull cows in 

this 0-d step-up protocol. By adverting digestive upset, cattle drenched with Lactipro 

were able to spend additional time ruminating, a precursor to saliva production. 

Responsible for neutralizing 40% of the acid generated in the rumen (Allen, 1997, 

Aschenbach et al., 2011), the salivatory buffer, sodium bicarbonate, also mediates pH and 

enables additional intake. This premise is validated by the additional 0.51 kg of DMI 

consumed by Lactipro-drenched cattle during wk 1 of the experiment compared to 
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controls. Considering cattle were program fed during the first 5 d of the trial, and thus 

received equivalent feed deliveries, the 0.51 kg of DMI is the product of delivery 

differences from d 6 to 7. Correspondingly, it is cogent to extrapolate in an ad libitum 

protocol the differences in rumination and DMI would be amplified between Lactipro 

drenched cattle and controls.   

 Differences in rumination time were insignificant during the remainder of the trial 

(wk 2 to 5, P ≥ 0.17). Although Lactipro cattle had a numerical increase of 25.82 min/d 

in rumination time during wk 2, they had lower DMI compared to controls, which may 

help explain the insignificant value (-192.66 vs -218.48 minutes/d, P = 0.17). It appears 

by wk 3 (Figure 5.1) rumination activity reached equilibrium and cattle were adapted to 

highly digestible carbohydrate dense diets. Although, rumination time never reached 

baseline values, this discrepancy is most assuredly the result of the substantial difference 

in physically effective fiber between the diets.  

 A tendency was distinguished in wk 3 for increased activity frequency for 

Lactipro drenched cattle compared to controls (37.05 vs 15.2 minutes/d, P = 0.09). This 

was the only period in the trial, were activity characteristics exceeded the baseline period 

when cattle were consuming a roughage-based diet. This period also coincides, with 

rumination activity leveling off to normal range for concentrate diets. With no weather 

anomaly observed during wk 3, it is possible that following the intense diet acclimation, 

improved ruminal health facilitated additional live animal activity. This could also help 

explain the improvement registered amongst Lactipro-drenched cattle compared to 

controls in this period. However, it is perplexing that even after adapting to a cereal grain 
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rich diet, which produces considerable enteric heat via fermentation, cattle would 

increase activity compared to a basal diet, especially during the summer.  

Ruminal Health Characteristics    

 Treatment means for rumen morphometrics are presented in Table 5.4. A 0-d 

harvest is included in the analysis to compare the effects of concentrate feeding. the 

effects of concentrate feeding. However, these open cows utilized in the 0-d harvest are 

not from the same source as the cattle on trial. As such, caution should be used when 

evaluating the 0-d harvest as a baseline for realimenation effects. Analysis of variance 

failed to distinguish a difference between treatments for number of papillae (P = 0.39) or 

rumenitis score which approached a tendency (P = 0.12). Numerically, control cattle that 

did not receive Lactipro registered twice the rumenitis score of their d 0 cohorts, 

suggesting considerable lactic acid insults to the ruminal epithelium in a 35-d period 

(2.52 vs 1.17, P= 0.12). In response to high circulating IGF-1 concentrations, 

Yambayamba et al., (1996) found cattle have a voracious appetite. While combined with 

access to rapidly fermentable carbohydrates, can foster the conditions needed for ruminal 

acidosis. It is possible that extending the feeding period, would override the large 

variation in the cull population. However, cattle drenched with Lactipro posted 

intermediate values for rumenitis scores, insinuating the effectiveness of the probiotic to 

vanquish lactate and foster appropriate ruminal pH.  

 As expected, concentrate realimentation predicated an improvement in mean 

papillae area (0.93 and 1.04 vs 0.64 cm2, P < 0.01). Considering that diet and VFA 

production are the principal factors in ruminal epithelial development (Dirksen et al., 
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1985), it’s not surprising both Lactipro and control treatments logged superior papillae 

area’s compared to cattle not fed concentrate diets. The current findings concur with 

those of Bannink et al., (2008) who noted that maximum papillae area could be obtained 

in 3 to 4 weeks with high intensity feeding regiments, compared to 7 to 8 weeks with 

conservative diets in transitioning dairy cows. Given, the documented improvement in 

VFA absorption resulting from increased papillae area (Dirksen et al., 1985), the rapid 

dietary adoption of caloric rich grain diets utilized in this protocol, may help explain the 

uncharacteristically high ADG and G:F ratios observed in Table 5.2 as well as the data 

charatererized in chapter 4.   

 Not surprisingly, concentrate realimentation provoked an ASA (29.62 and 23.03 

vs 17.68 cm2, P = 0.01; Figure 5.2) and the ratio of papillae area to ASA (96.20 and 

92.56 vs 93.57%, P = 0.05) response compared to d 0 harvest group, however these 

parameters also verify the efficacy of Lactipro on a ruminal level. Previous studies have 

documented Lactipro’s effect on ruminal ecology, principally achieved by disposing 

lactate and subsequently governing pH. However, a pair of studies found increased 

butyrate levels following Lactipro inoculation (Henning et al. 2010a, Ellerman et al, 

2017). Considering that nearly 90% of butyrate is metabolized by the microbiota 

(Dijkstra et al., 1993), it is not surprising that papillae growth is strongly correlated to the 

ruminal availability of the VFA (Blottière et al., 2003; Hoffman et al., 2018). Another 

theory explaining the improvement in ASA and the quotient of papillae area compared to 

ASA, is Lactipro application promoted more advantageous levels of ruminal pH, 

enabling greater intake and rumination (Table 5.3; wk 1), provoking more papillae 

growth at the onset of the feeding phase.  
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Carcass Parameters  

 Treatment means for carcass traits are presented in Table 5.5. Analysis of 

variance was unable to classify a significance for any carcass parameter (P ≥ 0.16). 

Interestingly, despite Lactipro-drenched cattle achieving a numerically enhanced carcass 

ADG, the reduction in subcutaneous BF (0.53 vs 0.60 cm, P = 0.56) and improvement in 

LMA (74.9 vs 71.8 cm2, P = 0.51) insinuates a shift in compositional growth. These 

characteristics lead to a 0.26 unit decrease in calculated yield grade, although like all 

other parameters it was insignificant (2.28 vs 2.54, P = 0.20). These findings are 

congruent with the work of previous investigators (Leeuw et al., 2009; McDaniel et al., 

2010; Miller, 2013, and Ellerman et al., 2017) who also failed to distinguish differences 

amongst Lactipro drenched and non-treated controls.    

Implications 

The intention of the current study was to examine the efficacy of Lactipro by 

immediately challenging cull cows with rapidly fermentable carbohydrates, which may 

lead to tenuous ruminal conditions. Oral drenching of Lactipro augments performance but 

has a more profound effect on ruminal health parameters. At the commencement of the 

feeding phase, Lactipro’s predilection for fermenting lactate into VFA inhibits severe 

ruminal pH drops, facilitating an increase in DMI and ADG. Experiments that feature 

documented improvements in G:F ratio are most likely the result of Lactipro fostering 

papillae growth leading to enhanced VFA absorption. Successful diet adaptation 

strategies are designed to exploit the low metabolic requirements of concentrate naïve 

cattle and to program the microbiome for efficient carbohydrate digestion and absorption. 
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Despite the arduous acidotic insults that occurred during a high intensity 0-d step-up 

protocol, Lactipro is proficient at promoting ruminal health and development, 

empowering live animal gains.   
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Table 5.1. Ingredient and analyzed chemical composition (DM basis) of diets fed prior 

and during the trial period.  

Ingredient 

Pre-Trial  

Maintenance Diet  

Trial  

Finisher Diet1 

Corn Grain, Steam Flaked 0.00 62.05 

Wet Corn Gluten Feed3 57.00 20.00 

Ground Cotton Burrs 40.00 10.00 

Tallow 0.00 3.00 

Limestone 2.00 2.00 

TTU Supplement2, % 1.00 2.00 

Urea 0.00 0.95 

   

Analyzed Composition4     
DM % as-fed 5 68.13 76.01 

CP% 17.66 14.33 

NEm, Mcal/kg 1.45 2.08 

NEg, Mcal/kg 0.86 1.43 

NDF, % 40.43 17.74 

Fat, % 1.69 6.21 

Ca, % 1.03 0.82 

P, % 0.71 0.43 

K, % 1.48 0.78 

Mg, % 0.39 0.23 
1 The finisher diet was fed through the duration of the 35-d trial with no step up.   
2 Sweet Bran (Cargill, Dalhart, TX) 
3 Supplement composition (DM basis): 67.755% Cottonseed meal, 15.000% NaCl, 

10.000% KCl, 3.760% Urea, 0.986% Zinc sulfate, 0.750% monesin (Rumensin-90; 

Elanco, Greenfield, IN), 0.506 Tylan-40 (Elanco), melengesterol acetate [MGA 500, 

Pfizer, New York, NY; 0.4 mg∙animal-1∙d-1], ractopamine hydrochloride (21.0 g/ton; 

Actogain 45, Zoetis, Parsippany, NJ), 0.500% Endox (Kemin Industries, Des Moines, 

IA), 0.196% Copper sulfate, 0.167% Manganese oxide, 0.157% vitamin E  (500 IU/g), 

0.125% selenium premix ( 0.2% Se), 0.083% iron sulfate, 0.010% vitamin A 

(1,000,000 IU/g), 0.003% ethylenediamine dihydroiodide, and 0.002% cobalt 

carbonate. 
4 Composition of weekly composite samples (2 maintenance diet and 5 finisher diet) 

analyzed at a commercial laboratory (Servi-Tech Laboratories, Amarillo, TX). DM 

calculated weekly (forced air oven for 24 h at 100°C).  
5 Diet DM was calculated using weekly ingredient sample DM records. 
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Table 5.2. Effects of Megasphaera elsdenii1 on feedlot performance of cull cows 

finished for 35 d following a 0-d step-up. 

Item Lactipro1 Control    SEM2 P  

Initial BW3, kg 502.9 503.4  8.71 0.98 

Final BW4, kg  587.2 576.5  10.34 0.61 

Initial BCS 2.11 2.10  0.28 0.98 

Final BCS 4.50 4.41  0.52 0.79 

DMI5, kg 13.83 13.47  - - 

ADG, kg 2.41 2.09  0.16 0.32 

G:F5 0.174 0.155  - - 

Carcass ADG, kg 2.30 1.99  0.13 0.17 

Carcass ADG:Live ADG 95.5 95.2  12.22 0.97 

Carcass G:F5 0.166 0.148  - - 

1Cows were orally drenched with either 0 mL (Control) or 100 mL (Lactipro) of 

Megasphaera Elsdenii NCIMB 41125 (Lactipro Advance; MS Biotech, Inc., 

Wamego, KS) on d 0 of the trial. 
2Pooled standard error of treatment means (Lactipro, n =22; Control, n=23) 

3A 2% pencil shrink was applied to initial BW measurements.  

4A 4% pencil shrink was applied to final BW measurements. 
5DMI and G:F values are presented for descriptive purposes only.  Due to cattle 

being grouped housed no replication and thus analysis was not possible.   
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Table 5.3. Effects of Megasphaera elsdenii1 on the change in rumination and activity time of beef cull cows finished for 35 

d following a 0-d step-up relative to the baseline period.  

 
DMI2, kg Rumination3, min/d General Activity3, min/d P-values  

Period  Lactipro Control  Lactipro Control  SEM4  Lactipro  Control  SEM4 Rumination  Activity  

Baseline5          -         -      465.57  474.76 8.58 346.34 329.11 6.52 0.60 0.19 

Wk 1  9.79   9.24 -280.58 -319.85 9.11 -6.60 -3.43 5.30 0.03 0.77 

Wk 2  12.7 12.95 -192.66 -218.48 9.26 -4.99 2.21 5.93 0.17 0.55 

Wk 3  14.15 14.42 -158.38 -153.17  10.75 37.05 15.2 6.45 0.81 0.09 

Wk 4  15.31 14.92 -144.91 -159.33 8.52 -10.47 -10.88 6.68 0.40 0.98 

Wk 5  17.21 15.80 -159.20 -159.35  10.21 -57.36 -50.44 8.13 0.99 0.68 
1Cows were orally dosed with either 0 mL (Control) or 100 mL (Lactipro) of Megasphaera Elsdenii NCIMB 41125 

(Lactipro Advance; MS Biotech, Inc., Wamego, KS) on d 0 of the trial. 
2 Dry matter intake values for each period, were calculated by pen intake and not replicated. Presented here for descriptive 

purposes for the reader to relate it to rumination times. 
3 Cattle were fitted with rumination tags (Allflex Flex Tag; SCR Engineers, Ltd., Netanya, Israel) to track daily time in 

minutes ruminating and general activity.  
4 Pooled standard error of treatment means (Lactipro, n =22; Control, n=23)     

5 Cows were fitted with rumination tags and given 10 d to establish a baseline level of rumination and activity while 

consuming a basal roughage-based diet. Weekly computations were established by the delta (Δ) between each wk and the 

baseline period. 
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Table 5.4. Effects of Megasphaera elsdenii1 drenching and concentrated feeding on rumen 

morphometrics of beef cull cows harvested at various endpoints.   

 
Treatment 2 

  

Item  Day 0  Lactipro  Control  SEM3  P 

Mean papillae area4, cm2 0.64b 1.04a 0.93a 0.04 <0.01 

Number of papillae, n 26.82 27.89 23.31 1.41 0.39 

ASA/cm2 of wall5 17.68c 29.62a 23.03b,c 1.64 0.01 

Papillae area:ASA6, % 93.57b 96.20a 92.56b 0.65 0.05 

Rumenitis score7    1.17 1.73 2.52 0.27 0.12  

a-cMeans within a row that do not have common superscripts differ (P ≤ 0.05).   
1 Cows were orally drenched with either 0 mL (Control) or 100 mL (Lactipro) of 

Megasphaera Elsdenii NCIMB 41125 (Lactipro Advance; MS Biotech, Inc., Wamego, KS) on 

d 0 of the trial. 
2 Treatments were as follows:  Day 0 = non-fed cows harvested before the start of the trial for 

comparisons to the fed cattle treatments;  Lactipro = cows drenched with Lactipro before a 0-d 

step-up to a finishing ration for a 35 d finishing period;  and, Control = cows not drenched with 

Lactipro before a 0-d step-up to a finishing ration for a 35 d finishing period.  
3 Pooled standard error of treatment means (Day 0, n = 23; Lactipro, n = 22; Control, n=23) 
4 Determined by averaging the measurements of 12 random papillae from each fragment. 
5ASA= absorptive surface area, calculated with the following equation:  

1+(NOP*MPA) - (NOP*0.002); where number 1= 1-cm2 fragment collected from cranial sac, 

NOP= number of papillae, MPA= mean papillae area, and 0.002= estimated basal area of 

papillae. 
6 Calculated with the following equation: (NOP*MPA)/(ASA)*100; where NOP= number of 

papillae, MPA=mean papillae area, and ASA= absorptive surface area 
7 Rumenitis incidence was extrapolated with a scale of 0 (no lesions noted) to 10 (severe 

ulcerative rumenitis), according to Bigham and McManus (1975). 
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Table 5.5. Effects of Megasphaera elsdenii1 on carcass traits of cull cows finished for 

35 d following a 0-d step-up to the finisher diet. 

  Treatment    
  

SEM2 

  

P-value  Item  Lactipro1 Control    

HCW, kg 301.8 291.1  7.20 0.66 

Dressing percent  51.4 50.5  0.56 0.65 

LMA, cm2 74.9 71.8  2.31 0.51 

12th rib fat, cm   0.53 0.60  0.06 0.56 

Marbling score3 3.63 3.29  0.14 0.23 

Calculated yield grade 2.28 2.54  0.10 0.20 

KPH, % 2.07 1.96  0.14 0.69 

Skeletal maturity4 53.91 60.39  3.76 0.40 

Lean maturity5 18.95 17.91  0.37 0.16 

Liver Score6  1.55 1.87   0.25 0.52 

 1Cows were orally dosed with either 0 mL (Control) or 100 mL (Lactipro) of 

Megasphaera Elsdenii NCIMB 41125 (Lactipro Advance; MS Biotech, Inc., Wamego, 

KS) on d 0 of the trial. 
2Pooled standard error of treatment means (Lactipro, n =22; Control, n=23) 

33.00 = Slight00, 4.00 = Small00. 
    

410 - 19 = A Maturity; 20 - 29 = B Maturity; 30 - 39 = C Maturity; 40 - 49 = D 

maturity; 50 - 59 = E Maturity    
510 - 19 = A Maturity; 20 - 29 = B Maturity; 30 - 39 = C Maturity; 40 - 49 = D 

Maturity; 50 - 59 E Maturity 
61= normal liver; 2 = A- (1-2 small abscesses); 3 = A (2 - 4 small active abscesses); 4 = 

A+ (> 4 small active abscesses)  
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Figure 5.1. The effect of Megasphaera elsdenii NCIMB 41125 on rumination 

characteristics of beef cull cows finished for 35 d following a 0-d step-up. Cows were 

orally dosed with either 0 mL (Control) or 100 mL (Lactipro) of Megasphaera elsdenii 

NCIMB 41125 (Lactipro Advance; MS Biotech, Inc., Wamego, KS) on d 0 of the trial. 

Cattle were fitted with rumination tags (Allfex Flex Tag; SCR Engineers, Ltd., Netanya, 

Israel) to monitor daily eating, chewing and ruminating activity time. Cows were given 

10 d to establish a baseline level of rumination and while consuming a basal roughage 

diet. Weekly computations were established by establishing the delta (Δ) between each 

week and the baseline period. Baseline values for total rumination were 465.57 and 

474.76 minutes/day for Lactipro and control treatments respectively. During wk 1 

Lactipro cattle documented a 13.3% improvement in rumination time (39.27 minutes, P = 

0.03, SEM = 9.11).     
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Figure 5.2 Effects of Megasphaera elsdenii NCIMB 41125 and concentrate feeding 

realimentation on mean papillae of beef cull cows harvested at various endpoints. Cows 

were orally dosed with either 0 mL (Control) or 100 mL (Lactipro) of Megasphaera 

elsdenii NCIMB 41125 (Lactipro Advance; MS Biotech, Inc., Wamego, KS) on d 0 of 

the trial. Cattle were harvested at varying endpoints, days of feed (Day 0 = 0, Lactipro= 

35, Control = 35) A tissue sample was removed from the cranial sac of each animal at 

harvest with mean papillae determined by averaging the measurements of 12 random 

papillae from each fragment. Orthogonal contrasts identified a difference amongst 

treatments (P < 0.01, SEM = 0.04).   
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CHAPTER VI  

 

 

INTEGRATED SUMMARY 

 

 The global leader in beef production, the United States cattle industry is well 

suited to confront the challenges of the next decade. With the national beef inventory 

trending upwards, and the potential to broker lucrative trade deals boding well for 

traditional feedlot aged cattle, special consideration should be focused on improving cull 

cow red meat yield domestically. Representing up to 20% of the cattle harvested 

annually, the realimentation of cull cows is frequently overlooked when considering 

improving national beef production. More than half of the cows slaughtered do not 

receive any concentrate prior to harvest.  Realimentation of thin cows could help alleviate 

our dependence on lean trim imports.  

 Embracing the technological advancements routinely used in the traditional 

feedlot segment, provides a vehicle to augment cull cow red meat yields. Thin cull cows 

are often thin, potentially weak, and sold following removal of their calves at weaning. 

This production model not only merchandises cull cows during the traditional seasonal 

low point of the market, but also when cows are often at their lightest annual weight, 

following the high nutrient demands of lactation. Realimentation of these cows, offers 

considerable opportunity to leverage reduced metabolic requirements provoked by the 

compensatory state. Moreover, the duration of the realimenation period is extremely short 

when targeting cows for an optimal lean endpoint for grind.  Therefore, management 

strategies should focus on expediting dietary transition and maximizing red meat yeild. 
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Pertaining to cull cows, when fed at a potent dose, the metabolic modifier Ractopamine 

Hydrochloride appears to promote global muscle accretion, offsetting the discouraging 

efficiencies observed at the end of the cull cow finishing period. Although, a proven 

method to reduce digestive disturbances, elevated roughage levels in cull cow diets can 

promote accelerated gastrointestinal tract gains, which limit carcass transfer, and depress 

feed efficiency. However, the failure to adapt the microbiome of concentrate naive cull 

cows to cereal grain dense diets can prompt ruminal depression of pH fostering a state of 

acidosis. The data presented in chapters 4 and 5 suggest that the commercially available 

exogenous form of Megasphaera elsdenii, Lactipro Advance is a viable method to 

mitigate the need for bulky roughages and promote ruminal health. Oral drenching of 

Lactipro appears to augment performance but has a more profound effect on ruminal 

health parameters. By mediating ruminal pH immediately following application, Lactipro 

appears to advert digestive upset prompting improved dry matter intake and animal 

performance. Moreover, Lactipro enhances papillae growth and asborbative surface area, 

thereby empowering improved VFA absorption, and more efficient animal gain to feed 

ratios. The data presented in chapter III suggest that high intensity, short duration cull 

cow realimentation is a profitable enterprise. 
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APPENDICIES 

 

 

 

Appendix A. Fabricated beef cuts of beef cows fed ractopamine hydrochloride (RH) over varied days on feed (DOF) 

  DOF 1 Days on RH 2   P-Values  

Item, kg 3 28 42 56 0 28 SEM 4 Linear Quadratic RH DOF*RH 

109E, Rib Eye Roll 16.34 17.90 19.25 17.60 18.06 0.327 <0.01 0.87 0.41 0.23 

120, Flats  22.62 24.38 25.11 23.69 24.38 0.397 0.01 0.52 0.36 0.25 

167, Knuckle  22.33 23.69 24.59 23.05 24.02 0.397 0.02 0.78 0.20 0.24 

168, Inside Round  37.86 39.53 41.39 39.31 39.88 0.774 0.01 0.93 0.59 0.29 

171C, Eye Round 10.17 10.84 10.90 10.51 10.77 0.177 0.09 0.42 0.46 0.22 

175, Strip Loin  17.60 19.51 20.08 18.80 19.32 0.342 0.00 0.31 0.40 0.32 

182, Sirloin Top Butt 35.00 37.45 38.39 36.69 37.21 0.512 0.01 0.46 0.58 0.23 

189, Tender loin  10.20 10.71 11.06 10.46 10.85 0.162 0.03 0.80 0.23 0.61 

1 Cows were finished for a period of 28, 42, and 56 d before slaughter.   
   

2 Treatment diets were formulated to contain no ractopamine hydrochloride (0 d) or ractopamine hydrochloride (400 mg∙animal-1∙d-

1; Actogain 45, Zoetis, Parsippany, NJ) for the final 28 d before slaughter. 
3 Numbers denote the Institutional Meat Purchase Specifications (IMPS)  

    
4 Pooled standard error of treatment means (days on RH, n = 24 pens/main-effect mean; DOF, n = 16 pens/main-effect 

mean). 
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Appendix B. Fabricated trim of cull beef cows fed ractopamine hydrochloride (RH) 

over varied days on feed (DOF)1   

  DOF1 RH 2 

Trim, kg 3, 4 28 42 56 0 28 

138, 50% lean  339.7 573.2 814.1 857.6 869.4 

138, 90% lean  6255.8 6528.3 7425.4 9327.9 108881.6 

Lean Anaylsis, %      
50% Trim  49.29 45.22 47.09 47.11 47.20 

90% Trim  89.17 88.51 86.445 87.77 88.04 
1 Cows were fed a starter diet for 5 d, stepped up to the finishing diet from d 6 to 10, 

and then placed on the finisher diet for a total period of 28, 42, and 56 d before 

slaughter. 
2 Treatment diets were top dressed to contain no ractopamine hydrochloride (0 d) or 

ractopamine hydrochloride (400 mg∙animal-1∙d-1; Actogain 45, Zoetis, Parsippany, NJ) 

for the final 28 d before slaughter. 
3 Numbers denote the Institutional Meat Purchase Specifications (IMPS) 
4 All values are presented for descriptive purposes only. Due to cattle being havested 

together there was no replication and thus analysis was not possible.   

 

 

 

 

 

 

 

 

 

  



      Texas Tech University, Jonathan Charles DeClerck, December 2019 

 

 

167 

 

 

 

      
 Control Cow, Tag 9    Lactipro Cow, Tag 757  

 

Appendix C. Effects of Megasphaera elsdenii NCIMB 41125 and concentrate feeding 

realimentation on ruminal health of beef cull cows immediately stepped up to a finisher 

diet. Cows were orally dosed with either 0 mL (Control) or 100 mL (Lactipro) of 

Megasphaera elsdenii NCIMB 41125 (Lactipro Advance; MS Biotech, Inc., Wamego, 

KS) on d 0 of the trial. Cattle were harvested following a 35 d realimentation period. A 

tissue sample was removed from the cranial sac of each animal at harvest. The picture on 

the left is from tag 9, a control cow that displayed signs of acidosis, and lost 180 kg of 

body weight during the trial. The picture on the right is from tag 757, a Lactipro cow that 

gained 195 kg, and showed no signs of digestive upset throughout the trial.  

 

 

 

 

 


