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ABSTRACT 

 

NATURAL FEED ADDITIVES FOR FEEDLOT BEEF CATTLE: IMPACT OF A 

FIBROLYTIC ENZYME ADDITIVE ON DIGESTIBILITY AND PERFORMANCE IN THE 

GROWER PHASE, AND SACCHAROMYCES CEREVISIAE IMPACTS ON RUMEN 

HEALTH AND PERFORMANCE IN THE FINISHING PHASE 

 

Melissa Sylvie Williams     Advisor: 

University of Guelph, 2019     Dr. Katharine M. Wood 

 

The objectives of this study were to improve the nutrient value of the fibre portion 

in grower phase diet for feedlot cattle using a fibrolytic enzyme and improve rumen 

health and gut performance in late finishing feedlot cattle by adding 60B CFU 

Saccharomyces cerevisiae to the diet. Hypotheses were tested using 54 steers in 

consecutive randomized block designs. There was no impact of adding fibrolytic 

enzymes during grower and early finisher phases on any animal performance traits; 

however, adding enzymes significantly improved digestibility of DM, CP and NEg within 

the diet. Feeding yeast in late finisher diet decreased DMI by 31% and improved feed 

conversion ratios, while maintaining similar ADG to cattle fed a control diet. This study 

has demonstrated that use of a fibrolytic enzyme in feedlot diets did not improve 

performance, while yeast addition to the late finishing diet significantly improved feed 

conversion through the decrease in DMI.  
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1 General introduction 

In the beef industry, consumer preference influences the way we produce food. 

Over the last couple of decades, the use of antimicrobials, hormonal implants, and other 

growth promotants have had negative connotations in the view of the consumer. These 

opinions stem from antimicrobial resistance and other human health risks. As of 

December 1st, 2018, there have been changes to the access of antimicrobials used for 

controlling disease in animal production and improving feed efficiency (Draaisma, 

2018). The access to many of these drugs for producers are now by veterinary 

prescription only, making their use more cumbersome. This will continue to push 

research in the sector of natural feed additives.  

As consumers have become more aware about what they eat and how their animal 

products get to their grocery stores, there is more interest in management decisions 

such as hormone and antibiotic-free labelling. For example, the fast-food chain A&W 

exclusively markets their burgers as being hormone and steroid free. More recently, 

McDonald’s has stated they have implemented a new policy to phase out the use of 

antibiotics in the beef they use for their products. Another significant aspect of this view 

is the environmental effects of producing livestock in the forms of nitrogen outputs and 

methane emissions; beef cattle production is often criticized for its environmental impact 

(Barletta, 2010). By improving feed efficiency for cattle, there is potential to improve 

upon many of these facets to meet societal requests as well as the physical and 

economical demands of the world’s growing population. 
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Throughout the history of animal production, one fundamental key to success for 

producers is to continue to improve production. Feed is the most significant cost to beef 

producers and, therefore reducing feed costs can increase profits (Bedford and 

Partridge, 2010). Small improvements in feed efficiency have proven to be 4 times more 

economically impactful than the same amount of improvement in average daily alone 

(Basarab et al., 2002; Gibb and McAllister, 2004). Using fewer feed inputs for the same 

outcome creates a more sustainable environment (Birkelo, 2003). Current market trends 

suggest consumers are more interested in products that are sustainable and reduce 

environmental impact (Barletta, 2010).  

The increased inclusion of forages in standard beef cattle rations allows for a larger 

quantity of grain products to be put towards human consumption. Grains are used in the 

human food chain, animal feed industry, and for ethanol production. Due to the high 

demand for grains in all three industries, the cost of grain has increased over time. By 

increasing the use of forages in feedlot rations feed costs to the producer can be 

lowered. However, increased forage inclusion decreases the energy content of the 

ration, which means the producer uses more feed to meet the requirements of the 

animal to reach market weight quickly. A way to combat this decrease in energy density 

would be to process the forage differently in order to increase its nutritive value, this can 

be done physically or chemically. To process the forage physically, there becomes a 

risk to gut health due to a reduction in physically effective fibre (PEF). On the other 

hand, chemical treatment of forages can be costly.  
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There is a diverse market of commercially available enzyme feed additives in the 

livestock feed industry. Every product is variable regarding its ingredients and 

composition and therefore its efficacy in livestock diets. Fibrolytic enzymes aid in the 

breakdown of the less digestible portions of forages within the diet and may improve the 

feed value of forage to the animal. This addition of a fibrolytic enzyme additive prior to 

feeding, works to breakdown various fibre components of forage such as cellulose and 

hemicellulose. Enzymes such as xylanases and cellulases work to hydrolyze β-(1,4)-

glucan bonds in the xylan backbone in forage allowing the release of monosaccharides 

(McAllister et al., 2001). This improved fibre digestibility and nutrient uptake may lead to 

increased feed efficiency while simultaneously decrease the cost of feed.  

Natural feed additives are used in animal production for many reasons from 

performance enhancement to medical treatment. These products are also favorable to 

today’s consumer base who are more interested in buying meat products marketed as 

without the use of antibiotics or growth promotants. Saccharomyces cerevisiae, also 

known as yeast, has been studied in cattle under many conditions including on ruminal 

acidosis, digestibility, and animal performance. Active dry yeast (ADY) is thought to 

stabilize rumen pH through promoting the growth of lactate utilizing bacteria to combat 

the increase in lactate-producing bacteria present during low ruminal pH, this prevents a 

further drop in pH that would compromise rumen function (Chaucheyras-Durand et al., 

2008). This natural additive also may increase fibre digestion via the stimulation of fibre-

degrading bacteria within the gastrointestinal tract (Newbold et al., 1996). Finally, yeast 

has proven its ability to increase milk yield by increasing dry matter intake in dairy cows 
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(Wohlt et al., 1998; Stella et al., 2007). Due to the various modes of action, 

Saccharomyces cerevisiae is a natural feed additive product with potential positive 

outcomes for traditional beef production systems (Chaucheyras-Durand et al., 2008). 

The objectives of this study are to, 1) determine the effects of a pre-treatment 

fibrolytic enzyme additive and its impact on growth performance (average daily gain, dry 

matter intake, feed efficiency), apparent total tract digestibility of nutrients and rumen pH 

in the grower and early finisher phases of beef cattle production. 2) Determine the 

effects of adding active dry Saccharomyces cerevisiae to the diet during the late 

finishing phase of beef cattle are to examine effects on gut health, specifically regarding 

rumen health, finishing phase performance, and ruminal pH. 

This study will follow beef cattle from the beginning of the grower phase to 

slaughter. Measurements taken in the study include body weights, growth performance, 

apparent total tract digestibility of nutrients, rumen pH, rumen score and carcass traits. 

This experiment aims to show the effectiveness and benefits to the producer for using 

the fibrolytic enzyme additive or yeast in beef feedlot rations for the improvement of 

traditional beef production systems. As for natural production systems, this experiment 

aims to provide new knowledge that can solidify the use of these products in place of 

traditional methods.   
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2 Literature review 

In the livestock production industry, the number one cost to all producers is feed 

(Bedford and Partridge, 2010). Multiple options exist to reduce these costs to the 

producers, such as genetically selecting more feed efficient animals, taking advantage 

of the opportunity to feed livestock on pasture or in the field in place of bunk feeding, or 

selecting less expensive feed ingredients. Feeding methods such as rotational or swath 

grazing can reduce labor costs for the producer regarding harvesting and processing 

the crops for use as feed. However, pasture feeding without shelter results in greater 

energy requirements for the animal as a result of increased movement and changing of 

weather conditions (Webster, 1970). For Canadian beef cattle, alternatives to bunk 

feeding may not be possible year-round due to inclement weather in fall and winter. 

However, pasture can still be used during warmer months to decrease costs to the 

producer. These feeding alternatives are not available for feedlot cattle that are 

traditionally housed in large pens and fed an energy dense diet for finishing.  

From a nutrition perspective, producers can also select cheaper feed ingredients 

to use in their rations as a way of reducing feed costs. The implication of including 

cheaper, lower quality feedstuffs are the need to feed more or for a longer period to 

reach the target market weight due to a decrease in energy density of the ration. When 

feeding lower quality forages, there can be negative consequences such increased gut-

fill and reduced digestibility preventing the animal from consuming enough feed for 

maintenance and gains. For feedlot cattle, low quality forage can decrease the 

palatability of the diet resulting in reduced dry matter intake and can impact animal 
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performance (Doerr, 2011). These disadvantages can be mitigated using feed additives 

that may increase the potential feed value of those lower-quality feed ingredients. 

Feed additives are a category of nutritional supplements with multiple benefits for 

the health and productivity of an animal beyond increasing the energetic value of the 

diet. While being cost-effective, Adesogan (2009) stated that feed additives used in 

feedlot diets should also improve digestibility and animal performance, as well as 

reduce the risk of metabolic diseases such as subacute ruminal acidosis (SARA) and 

bloat. Currently, the use of natural feed additives is not common due to unknown return 

on investment of these products versus traditional ways of management. In order for 

these products to be sold and marketed to producers, an investigation into product 

effectiveness is necessary. Knowledge transfer for this information from the scientific 

community to the producer and consumer is necessary for these products to thrive in 

the marketplace. 

The health of animals raised for livestock is vital for the profitability of every 

producer. Major health events such as respiratory illnesses and digestive upsets can 

economically affect the producer by having a period of lower animal productivity or 

through veterinary costs. Some feed additives may be antimicrobials. For example, the 

antibiotic Tylosin also improves animal performance due to the reduction in F. 

necrophorum bacteria that induces liver abscess (Nagaraja and Chengappa, 1998). 

Antimicrobials including antibiotics, soap and bleach are substances that prevent the 

growth of microorganisms and with overuse can induce antimicrobial resistance 

resulting in their ineffectiveness of treatment. This is of significant concern for 
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consumers because when antimicrobial resistance occurs in the human health care 

sector this can result in risk to human life. Antimicrobial use in livestock production 

systems is a “hot topic” and much time and research has been put into the use of 

natural additives for livestock production systems as to limit the use antimicrobials that 

are of human interest. These natural additives may prove beneficial to livestock growth 

and health.  

2.1 Enzyme use as a natural feed additive 

Enzyme additives are derived from bacterial and (or) fungal origin that target fibre 

digestion to improve nutrient uptake by the animal in order to increase feed efficiency 

(Bedford and Partridge, 2010). Specifically, fibrolytic enzymes degrade the less 

digestible portion of plant cell walls in forage; lignin-carbohydrate bonds (Woodman, 

1930; Bajpai, 2014). These enzymes provide a catalyst to speed up the breakdown of 

the indigestible fraction, reducing physical fill of the rumen and increasing nutrient 

availability for absorption (Bedford and Partridge, 2010). Research suggests that with 

an increased digestibility of the diet, the animal could consume less feed but still retain 

sufficient energy from the diet (Minson, 1990). Enzyme additives make lower quality 

diets more valuable for the animal to improve performance and feed efficiency by 

increasing the digestibility of the diet. 

Types of forages include grasses, legumes, cereals, sugarcane, brassicas, and 

green tops. Forages act as a source of water, vitamins, minerals, protein, and energy to 

ruminants (Minson, 1990). Each forage type has a different chemical composition that 

can change how digestible and nutrient dense it is to the animal (NRC, 2016). Factors 
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influencing digestibility of forages include; species of plant, leaf to stem ratio, part of the 

plant, stage of maturity, the fertility of the soil, environmental climate, and processing of 

the forage physically or chemically (Minson, 1990). Ruminants have a digestive system 

capable of digesting forage mechanically and chemically, by breaking down plant cell 

walls to obtain the fatty acids, starch and microbial cells from within the forage (Krause 

et al., 2003).  

Over the last two decades, there has been significant research into the effects of 

enzyme additives used in feeds for the monogastric and ruminant livestock production 

industries. Producers may be hesitant to use these additives because there is a lack of 

scientific evidence which demonstrates consistent and repeatable results in ruminants 

(Mendoza et al., 2014). These inconsistencies between studies are due to the variability 

of forage type, feeding method, poor definition of enzyme types within additives and 

lack of knowledge on the modes of action of these products (Beauchemin et al., 1997; 

McAllister et al., 2001; Mendoza et al., 2014). Forage type and quality also play a role in 

the effectiveness of these additives (Beauchemin et al., 1997). It is essential to continue 

this area of research to understand these inconsistencies and provide concrete reasons 

whether or not producers should use these products. 

The major limitation of enzyme additive studies is the multitude of potential 

combinations and formulations available for these products. A combination of xylanases 

and cellulases in enzyme feed additives make up to 20% of the enzymes available on 

the market (Polizeli et al., 2005). Xylanases catalyze the breakdown of the indigestible 

xylan, which can make up to 30% of the forage (Bajpai, 2014). Xylanase and cellulase 
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both break down the glycocidic bonds of xylan and cellulose respectively (Gilbert and 

Hazlewood, 1993; Bajpai, 2014). Glucanase works to break down the non-reducing end 

of cellulose (Gilbert and Hazlewood, 1993). The continued limitation to this research is 

the lack of consistent evidence in situ or in vitro for feedlot cattle digestibility effects of 

fibrolytic enzyme additives used in the family of xylanase and cellulase activity. Many of 

these studies use enzyme products of different origins, such as endoglucanase-

xylanase-amylase-protease (Salem et al., 2013), xylanase and cellulose (Krause et al., 

1998), Trichoderma longibra-chiatum (Arriola et al., 2011) and glucanase and xylanase 

(Peters et al., 2010). The cell wall content of forages consists of a combination of lignin, 

cellulose and hemicellulose. Each forage source contains a unique amount and 

composition of neutral detergent fibre (NDF) and contributes to the variation in 

digestibility between sources (Van Soest, 1975). A study in dairy cattle that compared 

xylanase, cellulase, and a combination of both enzymes, on performance found that the 

addition of a xylanase product improved performance traits such as milk yield and milk 

fat yield in comparison to the control and other enzyme added diets (Romero et al., 

2016). These results suggest that xylanase may have more influence on the breakdown 

of fibre for nutrient uptake in comparison to cellulase in a corn silage and grain-based 

diet.  

The use of enzyme additives for increased digestibility has been studied in beef 

cattle. Salem et al., (2013) concluded that the digestibility was most improved for fibre 

within the diet including neutral detergent fibre (NDF) and acid detergent fibre (ADF), 

when an enzyme additive was added to the total mixed ration (TMR). Other researchers 
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agreed that fibrolytic enzyme mixture (mainly xylanase and cellulose) treatment of a 

barley concentrate diet in growing steers increased ADF digestibility by 28% (Krause et 

al., 1998). Many in situ studies regarding enzyme use and their effects on digestibility 

have been conducted with dairy cattle (Rode et al., 1999; Bowman et al., 2003; Peters 

et al., 2010; Arriola et al., 2011). Arriola et al., (2011) and Rode et al., (1999) found that 

fibrolytic enzyme addition to the diet of dairy cattle improved dry matter (DM), crude 

protein (CP), NDF and ADF digestibility values. However, some researchers have 

concluded that enzymes used for dairy cattle have shown no effect on apparent total 

tract digestibility and may be biased when only portions of the diet were treated with an 

enzyme additive (Bowman et al., 2003; Peters et al., 2010). The inconsistency of results 

amongst studies indicates that the type of enzyme additive can affect the outcomes of 

animal performance and health. Amongst these studies there are differences in 

application method, some applied the enzyme to only portions of the ration which may 

be another culprit to the variations in results. Research findings up until this point on 

enhancing digestibility in beef cattle suggest that fibrolytic enzyme addition improves 

digestibility if the forage and enzyme additive types are compatible. 

The lab of Dr. Beauchemin has conducted experiments to examine the effects of 

fibrolytic enzyme use on feedlot cattle performance in multiple studies. Multiple studies 

have found that the type of forage or ration changes enzyme effectiveness, where fibre 

structure like hemicellulose and cellulose contributing to the ADF and NDF content of 

forage impact enzyme effectiveness (Beauchemin et al., 1995; Lewis et al., 1996). 

Specifically, enzymes added to barley grain did not improve performance, while enzyme 
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treated timothy hay improved steer weight gain by 36% (Beauchemin et al., 1995). 

Other researchers found that fibrolytic enzyme additives improved weight gain and feed 

efficiency by up to 36% and 20% respectively depending on forage source, diet 

composition, and enzyme type (Lewis et al., 1996; McDonald et al., 2002; Birkelo, 2003; 

Salem et al., 2013). It has been found there were periods of increased performance 

efficiency with the addition of an enzyme, rather than over the entire feeding period from 

weaning to slaughter (McAllister et al., 1999). However, other researchers found no 

effect on animal performance with enzyme use in feedlot diets (He et al., 2015). This 

research demonstrated the potential improvement in feed costs for the producer by 

using enzymes, while using a product that would be viewed positively by the current 

consumer population due to it being natural.  

2.2 Enzymes and ruminal acidosis 

Subacute ruminal acidosis (SARA) is a metabolic disease caused by a myriad of 

connected factors that affect the digestibility of feed, ruminal health, and the metabolic 

state of the animal. These factors include the amounts of forage and fibre inclusion in 

the diet, particle size, and inclement weather (Calsamiglia et al., 2012). Acidosis can 

occur when there is not enough forage-related NDF present in the diet to allow for 

adequate rumination and saliva production for providing enough buffers to control 

rumen pH. This can also occur with a diet that is high in rapidly fermentable 

carbohydrates, commonly seen in feedlot finishing diets, that result in rapid production 

and quantities of VFA (NRC, 2016). When the production and utilization or removal of 
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these VFA is not in homeostasis, these VFA then are responsible for the growth of 

undesirable ruminal bacteria (NRC, 2016). 

Reduced fibre breakdown and diet digestibility can also occur due to a rumen 

function disruption such as SARA resulting in decreased performance (Nagaraja and 

Chengappa, 1998). When ruminal pH is above 5.8 these fibre degrading microbes are 

available to break down the fibre within the diet (Williams et al., 1991). Fibrolytic 

enzyme additives have the potential to combat the lack of presence of fibre degrading 

microbes during low pH periods to mitigate reduced fibre digestion during these times 

(Williams et al., 1991). 

Due to the economic effects of cattle enduring ruminal acidosis (RA), it has 

become a well-researched area in beef production to better understand how, when, and 

why RA occurs. It has therefore become increasingly common to measure ruminal pH in 

research studies, which allows the tracking of incidences and severity of ruminal 

acidosis. Measuring pH is an essential tool in monitoring the risk and incidence of RA. 

In-dwelling systems have been created to continuously measure the pH within the 

rumen (Lethbridge Research Centre Ruminal pH, 2007). The data collected from these 

tools can be used to find the minimum, maximum and mean pH for the animal as well 

as assess the number and duration of acidotic episodes the animal experiences in a 

day to critically evaluate the severity of RA (Penner et al., 2007). 

Due to ruminal acidosis being a top concern in production, a priority for the use of 

fibrolytic enzyme additives would be the ability to increase ruminal pH to prevent or 

mitigate ruminal acidosis (Owens and Hanson, 1992; Bowman et al., 2003). Another 
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strategy in using enzyme additives is the ability to add more forage to the ration without 

impacting energy density through improved fibre degradation that together; more fibre 

and an enzyme additive, can improve rumen health. Studies have found that these 

enzymes increase fibre digestion which may increase ruminal pH, where Bowman et al., 

(2003) observed less time spent under a pH of 5.5 for dairy cows fed rations treated 

with a fibrolytic enzyme. One potential risk of using enzyme additives is the possibility 

that less rumination is necessary for the passage of feed from the reticulo-rumen which 

could result in increased risk of acidosis due to less saliva entering the rumen to buffer 

pH (Bowman et al., 2003). This could be combatted by adding additional forage to the 

diet to increase the amount of physically effective fibre (PEF) and neutral-detergent fibre 

(NDF) content of the diet. With increased inclusion of forage in the diet, if the enzyme is 

able to break down plant cell walls and provide accessibility of forage nutrients to the 

gastrointestinal tract (GIT), an increase in energy absorption could occur. Other 

researchers found the opposite, that the addition of a fibrolytic enzyme to the diet 

increased the production of saliva due to increased volatile fatty-acids (VFAs) present 

(Bowman et al., 2003). Rumen health is vital to the production capabilities of our feedlot 

cattle, and so, it is important to continue to examine rumen health when researching 

new commercial beef production techniques and products. 

2.3 Enzymes and digestibility 

Factors that influence digestibility include changes in management practices, 

supplements, breeding, selection, chemical, and physical treatment. Apparent nutrient 

digestibility is defined as the portion of the feed that is not excreted in the feces. This 
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digestibility is coined "apparent" because there are other ways in which an animal can 

excrete nutrients absorbed from the feed including urination, methane emissions and 

endogenous contributions in the case of cattle (Menezes et al., 2016). Measurement of 

the digestibility of a ration can be used to indicate the effectiveness of the animal's 

digestive system as well as the ration’s nutritional value.  

An indirect method of estimating the apparent total tract digestibility of the diet is to 

use natural markers. Natural markers have the advantage of removing the need for 

restricted feeding or complete fecal output collection due to their natural occurrence in 

the majority of feedstuffs (Givens, 2000). For the purposes of a digestibility study, 

natural markers must be considered indigestible in order for the measurement to be 

accurate (Omed, 1986). Areas of potential error include: the ability to collect a 

representative feed sample, estimation of marker inclusion within the feed or feces, and 

most markers are not 100% indigestible (Lee and Hristov, 2013). The collection of 

representative samples can be mitigated by ensuring samples are collected over equal 

time periods throughout a twenty-four-hour cycle and composited to produce a sample 

covering the full 24-hours in a day (Lopes et al., 2009; Lee et al., 2012; Giallongo et al., 

2015; Oh et al., 2017).  

Acid-insoluble ash (AIA) was first used as a marker in 1977 and has an average 

rate of recovery that is very close to 100% of the theoretical value when total collection 

of feces method is used as a comparison (Van Keulen and Young, 1977; Thonney et 

al., 1979). This method does not require the animals to be separated into individual 

pens or to be fitted with fecal collection stalls or suits (Lund et al., 2007; Gencoglu et al., 
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2010). Using a natural marker is advantageous for nutritional research in pen-wise 

studies as it provides digestibility results that are as accurate as total fecal collection 

with less intensive methodology needed to collect data from many animals. 

Research suggests that the use of fibrolytic enzymes increases the rate of fibre 

digestion, but not the extent to which the fibre is digested (Beauchemin et al., 1995; 

Lewis et al., 1996; Aboagye et al., 2015). With the ability to increase accessibility of the 

nutritive factors in the forage to the gastrointestinal tract (GIT) of the animal, the feed to 

gain ratio is improved due a reduction in dry matter intake and increased absorption of 

nutrients due to an increased nutrient digestibility of the feed (Beauchemin and 

Holtshausen, 2010; He et al., 2015). Studies have found that the use of a fibrolytic 

enzyme additive can improve nutrient digestibility by up to 12% (Lewis et al., 1996; 

Salem et al., 2013). Improved ADF digestibility with no reported effect on NDF found in 

studies are identified as being a result of the breakdown of hemicellulose in the plant 

cell wall while an increase in starch digestibility is due to the subsequent access to the 

starch within the plant (Krause et al., 1998; Aboagye et al., 2015). Some researchers 

have found that the addition of this feed additive does not improve digestibility, while 

others found improved digestibility using an enzyme for some or all nutrients (Krause et 

al., 2003; Peters et al., 2010; Holtshausen et al., 2011; Aboagye et al., 2015). The use 

of fibrolytic enzyme additives on apparent total tract digestibility has shown varying 

results and more research on this specific blend of xylanases and cellulases is needed. 
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2.4 Yeast use as a natural feed additive 

Through the last 25 years, direct-fed microbials have been studied as aids in 

animal health, and more recently there has been a greater focus on its use as a 

replacement for in-feed antibiotics (Buntyn et al., 2016). Examples of direct-fed 

microbials include bacteria, molds and yeasts. Live yeast has been characterized as 

being a lactic-acid utilizer or producer depending on the type (Emmanuel et al., 2007). 

Some types of yeast (Saccharomyces cerevisiae) have been proven to increase the use 

of lactic acid through stimulation of lactic-acid utilizing bacteria in the rumen (Williams et 

al., 1991; Newbold et al., 1996; Beauchemin et al., 2003c; Emmanuel et al., 2007; Moya 

et al., 2009; Calsamiglia et al., 2012). Much of the research done with live yeast as a 

feed additive is in dairy and feedlot cattle. This is namely due to the high energy diets 

they are fed during specific production periods that pose a risk for ruminal acidosis. With 

the thousands of research articles devoted to the use of direct-fed microbials in 

livestock production, there is a wide range of results which are often contradictory with 

one another. The variation seen in results can be attributed to the stage of production, 

diet type, yeast type, and dosage (AlZahal et al., 2014b). 

AlZahal et al., (2014a) conducted a study on dairy cows to examine the effects of 

ADY (Saccharomyces cerevisiae) as an additive when subacute ruminal acidosis 

(SARA) was induced. These researchers found that the addition of active dry yeast to 

the diet of SARA induced cows caused an increase in ruminal pH, dry matter intake, 

and VFA production, thus mitigating the effects of ruminal acidosis. The study by 

AlZahal et al., (2014a) found that diets with 50:50 concentrate or a high grain diet with 
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additional yeast at 20B CFU maintained DMI while control diet fed dairy cattle DMI 

significantly decreased meanwhile, other studies, at similar doses have found no effect 

(AlZahal et al., 2014b; Vyas et al., 2014; Malekkhahi et al., 2016; Ran et al., 2018). In 

the current literature, a reduction in DMI has not yet been reported, except when yeast 

is offered free-choice, which was not how this present study was conducted (Blauwiekel 

et al., 1995). However, one consistent result between studies is that the minimum 

recorded rumen pH increases when yeast is added to the diet (AlZahal et al., 2014a; 

Vyas et al., 2014; Malekkhahi et al., 2016). Considering the vast array of yeast types, 

Saccharomyces cerevisiae strains and products of varying composition and dose, it is 

difficult to find multiple studies with similar results while also having varying study 

effects such as animal type, diet formulation, animal production stage and if subjected 

to a subacute ruminal acidosis challenge.  

2.5 Yeast and ruminal health 

In beef cattle, animals are transitioned to a high energy finisher phase diet after a 

grower phase to promote muscle and fat deposition. Due to the higher grain content, 

these diets contain less physically effective fibre (PEF) resulting in a greater risk for 

developing SARA (NRC 2016). A study by Vyas et al., (2014) was the first to find that 

the addition of yeast directly into the rumen resulted in an increased ruminal pH in beef 

cattle. This change in ruminal pH was due to reduced lactate concentrations through the 

competition between the yeast and lactate producing bacteria as well as stimulation of 

lactate utilizing bacteria within the rumen (Vyas et al., 2014). This can help prevent 

ruminal acidosis by keeping the VFA concentration ratios balanced between with VFA 
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absorption and production to maintain greater rumen pH values (Williams et al., 1991; 

Carro et al., 1992; Marden et al., 2008; Moya et al., 2009; Calsamiglia et al., 2012). 

Volatile fatty acids are a product of fermentation within the rumen, and when VFA levels 

become unbalanced, this can result in digestive upsets and ruminal acidosis (Carro et 

al., 1992; Lewis et al., 1996; Marden et al., 2008; Calsamiglia et al., 2012). Thresholds 

associated with mild, severe and acute ruminal acidosis are 5.8, 5.5 and 5.2 

respectively for cattle (Penner et al., 2007). The ability to assess rumen health can 

contribute to the early diagnosis and treatment of digestive disorders to prevent 

economic losses for the producer. 

Ruminal acidosis can alter dry matter intake which increases the risk of damage to 

the rumen wall affecting function. Damage to the ruminal epithelium can occur with a 

change in diet type and can cause digestive and immune disruption, affecting animal 

health and performance (Steele et al., 2011). Rumen barrier function facilitates the 

absorption of appropriate molecules within the rumen into the bloodstream, while 

keeping all harmful microbes out of circulation. This separation between the host 

system and the external environment is critical in preventing inflammation or immune 

disruption (Graham, 2004). When this function is compromised, toxins and other 

harmful molecules in the rumen can be transferred to the bloodstream, leading to 

development of a liver abscess, which is commonly associated with F. necrophorum 

bacteria infiltrating the bloodstream and is eventually processed by the liver (Nakajima 

et al., 1986; Nagaraja and Chengappa, 1998; Reinhardt and Hubbert, 2015). Once in 

the liver, these bacteria can cause necrosis and damage to the tissue which decreases 
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the metabolic abilities of the liver and induces an immune response. These impacts 

include a decrease in weight gain, feed intake and feed efficiency (Nagaraja and 

Chengappa, 1998).  

Many metabolic and digestive health issues are improved or prevented with the 

addition of a direct-fed microbial such as the live form of Saccharomyces cerevisiae 

(Harrison et al., 1988; Williams et al., 1991). Research in this area focuses on the 

impacts on performance and health on the whole animal system. Further research on 

the impacts of the addition of a live yeast species as a dose study and with a focus on 

gut health, and the fundamentals of digestive issues like ruminal pH and microbial 

populations that reduce productivity are necessary to continue to find the optimal use for 

this natural feed additive.  

2.6 Assessment of ruminal health 

The health of the rumen wall is an indicator of digestion performance of the 

animal due to the role of the rumen in fibre, starch, sugar, and protein conversion into 

VFAs and microbial protein. The function of rumen papillae is to absorb nutrients, 

primarily in the form of VFAs. A rumen health scoring system has been used to assess 

the health status of the rumen wall and papillae on a visualized scale (Rezac et al., 

2014). The focus of this scoring system is on the visual appearance of the rumen 

papillae, specifically regarding papillae coloration. Pink is interpreted as a sign of 

inflammation, while lightening or discoloration of the papillae is seen as a sign of 

previous or current damage (Rezac et al., 2014). Active lesions are dark red and result 

in papillae that are bonded or fused together that never fully recover reducing overall 
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surface area for absorption. Healthy papillae are free from pink or light grey to white 

discoloration and are uniform in color and physical appearance. It is crucial to prove the 

efficacy of rumen health scoring at the time of slaughter to allow for continued 

improvement of our livestock operations as we strive for increased profitability.  

Short-chain fatty acids (SCFA) are an end-product of dietary carbohydrate and 

fibre fermentation in the rumen that are absorbed for energy (Fuller, 2004). Microbial 

fermentation end-product VFAs are similar to SCFAs as the absorption also provides 

energy to the host system. Overall health of the rumen epithelium including surface area 

plays a role in its absorptive capacity. Histology of papillae is used to assess the health 

of the rumen papillae epithelium and subsequent rumen wall capacity. Using histological 

slides of rumen papillae, the epithelial strata layers can be assessed. Steele et al., 

(2011) found reduction in strata layer thickness when cattle were subjected to a 

subacute ruminal acidosis challenge. From the outer most layer to the lamina propria, 

these keratin-producing cells function to protect the rumen papillae. The lamina propria 

is defined as a collection of connective tissue, smooth muscle cells, blood and lymph 

vessels (Junqueira and Carneiro, 2005). In the case of rumen papillae, the lamina 

propria is where the nutrients from the rumen lumen can migrate to in order to be 

absorbed and utilized by the animal (Peterson and Artis, 2014). The outer most layer, 

the stratum corneum, is characterized by cells that have undergone keratinization 

resulting in a non-nucleated squamous cell that has little to no cytoplasm (Junqueira 

and Carneiro, 2005). When stained with H&E, these cells are flattened, thin, pink in 

color with no basophilic coloration due to a lack of nucleic material. This layer is also 
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known as a keratinized epithelium layer of cells and has a role in physical protection 

due to the tonofilaments and fibrillose contents (Junqueira and Carneiro, 2005). Under 

the stratum corneum is the granulosum layer that is made up of elongated cells with 

basophilic granules (Junqueira and Carneiro, 2005). These cells develop into corneum 

cells but still have some nucleic material and other granules within while they undergo 

the process of organelles and cytoplasm removal. These cells are still mostly stained 

pink in color, elongated and contain basophilic granules and potentially incomplete 

apparent nuclei. The spinosum layer otherwise known as the granulosum layer, is 

described as having cells that have spike like protrusions due to the tonofilaments 

binding the cells to one another (Junqueira and Carneiro, 2005). These cells are 

characterized by many different shapes but characteristically not rounded on the edges. 

Lastly, the stratum basale layer is made up of a single layer of columnar cells with 

visible nuclei. This layer is located against the lamina propria, and in rumen papillae this 

layer is often visualized as columnar and contains a very pigmented basophilic nucleus. 

Microscopic evaluation can provide an indicator of rumen health including absorptive 

capacity and rumen function. 

2.7 Acute Phase Proteins 

After infection, inflammation or stress occurs in the body, a systemic acute phase 

response follows to aid in restoring homeostasis (Murata et al., 2004). A method of 

measuring the amount of response the system is undergoing is to measure the 

concentrations of acute phase proteins (APP) present in the blood. The ability to 

measure this response can indicate the severity of tissue damage (Murata et al., 2004). 
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Acute phase response proteins can cause a positive or negative response in the 

production of other proteins and act in response to innate immunity stress. Haptoglobin 

(Hp) and serum amyloid-A (SAA) are positive APPs that are released into the 

bloodstream at the time of acute phase response. Serum amyloid-A and Hp will both 

increase in the blood when inflammation occurs (Murata et al., 2004). What remains to 

be studied is the correlation between these inflammatory diagnostic tools on gut health. 

In the case of ruminal acidosis, it has been shown that microbial lipopolysaccharides 

from the rumen enter the blood stream and induce an increase in acute phase proteins 

in dairy cows (Gozho et al., 2005; Steele et al., 2011). 

2.7.1 Haptoglobin (Hp) and rumen acidosis 

This acute phase protein binds itself to the toxic, pro-inflammatory free 

hemoglobin (Hb) in blood (Wagener et al., 2001; Jain et al., 2011). Once Hb is bound, it 

can no longer act as an oxidator. Hp levels in ruminants have been shown to increase 

as much as one hundred-fold in situations of immune stimulation such as mastitis, 

pneumonia, abscesses and other infectious conditions (Conner et al., 1989; Murata et 

al., 2004). Hp baseline levels can be achieved with repeat measurements and 

assessment of an increase in response over time with potential correlation to other 

health status effects such as acidosis, infection or abscess. Significant increases in 

blood Hp concentrations can be used as a marker for infection or declining health status 

(Conner et al., 1989). Beef cattle challenged by respiratory infections were found to 

have a relationship between severity of viral infection and Hp response (Heegaard et 

al., 2000). Researchers have found, that in comparison to a bacterial or viral challenge, 
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haptoglobin concentration response to a subacute rumen acidosis challenge is low or 

non-existent (Gozho et al., 2005, Pederzolli et al., 2018). 

2.7.2 Serum amyloid-A (SAA) 

Serum amyloid-A is another acute phase protein which is produced during 

inflammation, although the exact mode of action is not entirely understood (Jain et al., 

2011). Serum amyloid-A transports cholesterol and then recruits immune cells to 

inflammatory sites that induce degrading enzyme activity (Jain et al., 2011). Research 

into SAA concentrations has shown that environmental stressors, such as heat stress 

and transportation in beef cattle cause an increase in the blood concentrations of this 

acute phase protein (Carroll et al., 2011; Gao et al., 2017). Heegaard et al., (2000) 

found a rapid SAA response in cattle that were experimentally infected with a bovine 

respiratory virus. However, serum amyloid-A concentrations in blood have not been 

found to change significantly during acidotic challenge (Pederzolli et al., 2018). This 

could indicate a lesser challenge of ruminal acidosis on the immune system in the 

Pederzolli et al., (2018) study in comparison to a virus induced challenge by Heegaard 

et al., (2000). However, Gozho et al., (2005) found SAA to increase when ruminal pH 

was below 5.6. These studies suggest that during times of environmental or health 

challenge, SAA concentrations in the blood increase. This demonstrated that SAA 

concentrations in blood can be used as a marker for early onset measurement of 

inflammatory response but may be dependent on challenge type. 
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2.8 Conclusion 

The need for research in the field of natural feed additives is necessary to maintain 

production in an evolving industry. Consumers are now stating their demands in regard 

to how animals are managed, it is now vital to keep natural production practices in mind 

when considering future studies. Until now, research in the area of enzyme additives in 

the beef industry has continued to show high variability in responses due to the unique 

nature of each enzyme product, diet type and animal production stage used. Yeast as a 

feed additive in beef production has been studied to use its attributes to fight against the 

onset of acidosis while inadvertently improving performance. There is limited 

information on the effects of yeast, and yeast dose on other aspects of rumen health 

and immune response. 

2.9 Hypothesis 

Fibrolytic enzyme additives can improve animal growth and performance through 

enhancement of the apparent total tract digestibility of high fibre feed ingredients by 

chemical break down of the NDF and ADF components of the diet, improving nutritional 

value of the plant source and improving energy retention from the ration. Yeast added 

into the diet in late finishing period can improve steer immune response, indicators of 

gut health and rumen function, and by reducing the risk of ruminal acidosis through 

stabilization of ruminal pH. Both natural feed additives show potential to be used in 

place of traditional growth promotants to improve animal health and performance. 
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2.10 Objectives 

The general objectives are: 

1) Improve the nutrient value of the fibre portion of the beef feedlot diet by the addition 

of a fibrolytic enzyme additive, and 

2) Naturally improve rumen health and rumen function in the late finishing phase of 

feedlot cattle with the addition of active dry yeast at a high dose 

The specific objectives are: 

1) Assess growth performance, feed intake, feed efficiency and ruminal pH in steers 

during the growing and early finisher phases when fed either a control diet or a diet 

treated with a fibrolytic enzyme additive. 

2) Measure apparent total tract digestibility in steers fed a control diet or a diet treated 

with a fibrolytic enzyme additive. 

3) Assess the effects of adding a high dose of live dry yeast to the diet in the late 

finishing period on growth performance, feed intake, and ruminal pH. 

4) Assess the effects of adding a combination of treatments; live dry yeast at a high 

dose and an enzyme cocktail on rumen health, rumen papillae histology, immune 

response and carcass characteristics.  
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3 Impact of using an enzyme additive on animal 
performance, ruminal pH and digestibility in the grower 
and early finisher phases of beef production 

3.1 Introduction 

Forage provision in feedlot cattle rations can include high- or low-quality forage 

with low-quality forages used most commonly due to reduced costs. Low-quality forages 

are usually higher in NDF content and are less digestible than high-quality forages and 

therefore are of less nutritive value to the animal’s system. Fibrolytic enzyme additives 

are a natural product derived from fungi and (or) bacteria that aids in the breakdown of 

indigestible portions of the plant cell wall in forages primarily proven to be effective in 

low-quality forages. Due to the high variability of enzyme product composition between 

manufacturers, reported animal response has been inconsistent. The continuation of 

research in this sector to determine accurate and consistent responses is necessary to 

encourage producers to utilize these products and for the growing market for “naturally” 

produced beef. 

3.2 Materials and methods 

3.2.1 Animals and experimental design 

All animals were cared for according to the Canadian Council on Animal Care 

guidelines at the Elora Beef Research Station for the duration of this experiment, 

(Canadian Council on Animal Care, 1993). All animals were vaccinated and checked by 

a veterinarian prior to the commencement of the study. In this study, 54 Angus 

crossbred steers were used in a randomized block design with the pen as block and 

animal as the experimental unit. Steers were weighed prior to the first day of trial to be 
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assigned to one of 3 pens from heaviest to lightest weight, so that the variability within 

each pen would be less than the variability between pens. Steers were equally and 

randomly assigned to the control (CON) or enzyme treated (ENZ) groups in each pen. 

The trial was conducted in the main feedlot barn, equipped with the Insentec feeding 

system (Insentec B.V., Marknesse, The Netherlands) to allow for feed intake data to be 

collected on an individual animal basis. Each steer was fitted with an RFID tag that 

allowed the system to identify the animal and weigh the bunk before and after each 

feeding event to generate intake data by animal, date and event. This information was 

recorded continuously throughout the entire study and data was stored on the University 

of Guelph server. Within each pen there are 4 Insentec feeder bunks, 2 of which were 

assigned to the CON steers and 2 were assigned to the ENZ steers. Steers were 

adapted two weeks before the commencement of the experiment to allow the animals to 

be familiarized to the feeding system, environment, other animals, and employees of the 

research station. The fibrolytic enzyme additive portion of this research was conducted 

for 157 days total, consisting of 80 days on a grower ration, a 17-day transition period, 

and 60 days on a finisher diet. 

3.2.2 Diet formulation and feed analysis 

All diets were formulated to meet nutrient requirements for growing/finishing beef 

cattle outlined by the National Research Council for beef cattle (NRC 2016). These 

rations were formulated to feed these steers through grower and finisher phases to the 

point of slaughter at the target weight of 600 kg (Table 1). The diets were prepared daily 

using a TMR mixer to ensure a consistent homogenous mixture of the feedstuffs to 
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mitigate sorting and inconsistent intake of both ration ingredients and enzyme 

supplement (McDonald et al., 2002; Beauchemin and Holtshausen, 2010). None of the 

diets contained ionophores and cattle were not implanted with exogenous hormones. 

Grower and early finisher diets are presented in Table 1 and Table 2. The transition 

period was completed over days 80-97 and was conducted according to the step-up 

chart presented in Table 3. 

The additive used for this study was a commercialized liquid xylanase and 

cellulase fibrolytic enzyme forage pre-treatment product (Vista-PreT, AB Vista, 

Marlborough, UK). The directed dosing rate of this product is 750 ml/tonne dry matter 

(DM) with a dilution rate of 1:10 with water mixed in the feed prior to time of feeding for 

8 minutes. However, it was found that additional dilution of the enzyme aided in 

achieving a more consistent distribution of the enzyme in the TMR from bunk to bunk. 

Therefore, for this experiment, the application rate of 0.75 ml of the enzyme for each 

kilogram of DM of feed was diluted to a total volume of 20 liters with water and added 

into the TMR for the experimental (ENZ) group. The CON group had 20 liters of water 

added to the ration using the TMR mixer to ensure similar feed dry matter between the 

two groups. Feeding was done in order to ensure no contamination of the enzyme for 

the control group by feeding 2 other untreated experimental diets without additives with 

the same TMR mixing truck between the ENZ and CON group mixing and feedings. 

Water and feed were offered ad libitum with feeding occurring every morning at a 

similar time (0800 h). Samples of each diet were taken once a week after feeding and 

stored at -20°C analyze at a later date.  
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All feed sample analysis was completed at the A&L Canada Laboratories in 

London, ON (Official Methods of Analysis, 1990). Dry matter was analyzed by drying at 

65°C until thoroughly dry in a conventional forced air oven (Lage et al., 2012). Crude 

Protein (CP) was measured via combustion with a LECO FP628 nitrogen analyzer 

(AOAC 990.3). ADF and NDF was measured using an Ankom 200 to conduct the 

Ankom Method 5 and Ankom Method 6 analytical procedures respectively (AOAC 

973.18, AOAC 2002.04). Starch was measured in samples using the Megazyme K-

TSTA method using heat stable amylase and amyloglucosidase (AOAC 996.11). Crude 

Fat (CF) was measured using petroleum ether as a high temperature solvent to extract 

fat and oil (AOAC 920.39). Mineral contents were analyzed via aquaregia digestion, 

inductively coupled plasma, and atomic emission spectroscopy. Sugar was measured 

using sulphuric acid/phenol, 80% ethanol:water, colorimetric method for determination 

of sugar and related substances (Fuller, 2004). Total digestible nutrients and net energy 

for growth (NEg) were calculated according to the Nutrient Requirements of Dairy Cattle 

and Energy Estimating Equations for Ruminants (NRC, 2001).  

Throughout the growing phase when enzymes were applied, additional feed 

samples were taken every 28 days of the enzyme and control diets at feeding for 

enzymatic analysis. These samples were kept at -20°C until sent to the manufacturer’s 

laboratory for enzymatic activity measurement (AB Vista Laboratory, Plantation, FL). 

Enzyme activity is measured through the Nelson/Somogyi copper or dinitrosalicyclic 

acid methods and are generally different for each commercial enzyme mixture due to 

the differences in the specific strains that are combined to make the product 
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(Beauchemin et al., 2003a). The label for the liquid feed pre-treatment product states 

there are minimum activities of 350,000 XU/g xylanase and 10,000 ECU/g cellulase. 

These units of activity are the amount of enzyme that will release 0.06 mmol of reducing 

sugars of xylose and glucose equivalents from birch xylan and hydroxyethyl cellulose 

per minute at pH values of 5.3 and 4.8 respectively and a temperature of 50°C. These 

measurements were done to ensure proper application of the product. On an as-is basis 

and by the feeding recommendations from the manufacturer, the hypothetical minimum 

targets for optimal enzyme activities are 150,938 XU/kg and 4,313 ECU/kg for beef 

growing rations and, 211,313 XU/kg, and 6,038 ECU/kg for beef finishing rations.  

3.2.3 Blood analysis and body weight and ultrasound measurements 

Every 28 days of the study, each animal was weighed, had blood drawn and was 

ultra-sounded to assess fat deposition (Glanc et al., 2015). Body weights (BW) were 

also taken the day before the trial start date and the last two days of the grower period. 

Weight measurements were used for the calculation of average daily gain and feed 

conversion ratios using the below formulas (see Equations 1 and 2). 

      𝐴𝐷𝐺 (
𝑘𝑔

𝑑𝑎𝑦
) =

𝑖𝑛𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔)−𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 𝑥 𝑑𝑎𝑦𝑠(𝑘𝑔)

𝑥 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠
  (eq:1) 

                           𝐹: 𝐺 =
𝑓𝑒𝑒𝑑 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑖𝑛 𝑥 𝑑𝑎𝑦𝑠

𝑤𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛𝑒𝑑 𝑖𝑛 𝑥 𝑑𝑎𝑦𝑠
              (eq:2) 

Ultrasound images were captured by a trained technician using an EXAGO 

ultrasound machine and linear transducer #L3180B that was 18cm in length, at 3.5 MKz 

frequency (Echo Control Medical, Angolueme, France). Steer hair in the location for 

ultrasound measurements was clipped and canola oil was used to ensure maximum 
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surface area contact between the transducer and skin. Rump fat (mm) depth was 

measured at the intersection of the biceps femoris and gluteus medius muscles 

between the hook and pin bones (Wood et al., 2011). Rib fat (mm) depth was measured 

by placing the transducer at the interface of the 12th and 13th ribs, ventral to the spine, 

over the caudal quadrant of the longissimus dorsi muscle (Wood et al., 2011). 

Longissimus dorsi muscle area (rib eye area; cm2) was measured at the same site as 

rump fat (Wood et al., 2011). Fat depth and rib eye area images were all measured at 

each time point using ImageJ software version [1.51] Copyright © 2015. 

Blood samples were taken in the afternoon around 1 PM via jugular venipuncture 

on days 1, 29, 57, 85, 113 and 141 for the experiment one. Plasma samples were 

collected into lithium heparinized tubes (BD Vacutainer ®, Franklin Lakes, NJ) and kept 

on ice for at least 30 minutes before centrifugation. Serum samples were collected into 

serum separator tubes (BD Vacutainer ®, Franklin Lakes, NJ) and allowed to clot at 

room temperature for at least 30 minutes. All blood samples were centrifuged at 3000 x 

g for 20 minutes at 4°C and then plasma and serum were separated into 5 ml cryogenic 

tubes and frozen at -20°C until analysis. The final grower phase and final enzyme 

experiment serum samples were analyzed for urea, glucose, NEFA, BHBA, total 

protein, total cholesterol, albumin and haptoglobin at the Animal Health Laboratory, 

University of Guelph.  

Haptoglobin, albumin, total cholesterol, glucose and total protein were measured 

using the Roche Cobas c501 biochemistry analyzer (Roche Diagnosis, Laval, QC). 

Haptoglobin was measured using the previously developed methods by Makimura and 
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Suzuki (1982) and Skinner et al., (1991). The determination of serum sample values for 

other metabolites included; ALB2: ACN413 for albumin, CHOL2: ACN798 for total 

cholesterol, GLUC3: ACN717 for glucose concentration, TP2: ACN678 for total protein. 

Using the RX Monza analyzer (Randox Labortories-US, Ltd, Kearneysville, West 

Virgina) protocols RANBUT: D-3-Hydroxybutyrate and NEFA were conducted for BHBA 

and NEFA determination. 

3.2.4 Indwelling rumen pH loggers to measure rumen pH 

The indwelling T9 data logger (Dascor, Escondido, CA) weas used for the 

measurement of ruminal pH in this experiment (Penner et al., 2006). Data loggers were 

placed in 24 steers throughout the trial divided evenly among animals in each pen and 

dietary treatment. These probes were programmed to measure rumen pH every 5 

minutes which allowed for a maximum number of 75 days for data collection (Najid, 

2014). These data loggers are equipped with sensors that measure mini volt readings 

within the rumen that are later converted into pH measurements using the Dascor 

programmed regression templates (Lethbridge Research Centre, Ruminal pH, 2007).  

Administration of ruminal pH data logger into each steer was done using a bolus 

gun on day 57 of the study. The head of the animal is lifted, and a hand is placed inside 

the mouth to guide the placement of the bolus gun tip. The bolus gun was then placed 

into the mouth along the roof towards the back of the oral cavity. Once at the back of 

the oral cavity, the plunger of the bolus gun is then pushed to administer the pH data 

logger. The bolus gun was removed, the mouth was closed, and the head was kept 

lifted allowing the animal to swallow. 
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At the time of slaughter, the indwelling probes were removed from the rumen or 

reticulum, location noted (rumen or reticulum), and placed in electrode storage solution 

until post-trial calibration and data was retrieved. These measurements were compared 

to pre-trial calibration data to account for the shift that were assumed to be linear 

(Penner et al., 2006).  

The pH data collected throughout the experimental period was used to assess 

the risk and incidence of ruminal acidosis (Penner et al., 2007). A three-week period 

began the day after the probes were administered to the steers. This included the last 

three weeks of the grower phase. This period was from trial day 58 to 78. For each 

animal, minimum, maximum, and mean pH was calculated over the three-week data 

period (Penner et al., 2007; Pederzolli et al., 2018). The thresholds for acidosis in 

feedlot cattle used were based on Penner et al., (2007); where mild acidosis was when 

rumen pH values were between 5.5 and 5.8; severe acidosis when rumen pH values 

were between 5.2 and 5.5 and acute acidosis when rumen pH was below 5.2. Average 

daily duration within each threshold was calculated using Equation 3. 

𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (
ℎ𝑜𝑢𝑟𝑠

𝑑𝑎𝑦
) =

(# 𝑝𝐻 𝑒𝑣𝑒𝑛𝑡𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑∗5𝑚𝑖𝑛𝑢𝑡𝑒𝑠)/60 𝑚𝑖𝑢𝑛𝑢𝑡𝑒𝑠

21 𝑑𝑎𝑦𝑠
      (eq:3) 

This was calculated for each animal under each threshold to give an average daily time 

spent in an acidotic state. Furthermore, the total area under the curve for each threshold 

was also calculated. This parameter is another form of measuring the severity of 

acidosis. As this value increases, it indicates that the animal is in a more severe acidotic 

state. This value was derived using Equation 4. 
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𝐴𝑟𝑒𝑎 (𝑝𝐻 ∗ min) = 𝜀(𝑝𝐻 𝑜𝑓 𝑒𝑣𝑒𝑛𝑡 𝑤𝑖𝑡ℎ𝑖𝑛 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 − max 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑝𝐻) ∗ 5 𝑚𝑖𝑛𝑢𝑡𝑒𝑠    

 (eq:4) 

The same data composition and analysis was done during the transition period 

between the grower and finisher rations from trial day 79 to 99. The transition period 

continued with enzyme and water addition for the groups respectively. Due to the length 

of time in which the probe was in the rumen through this period, some probes were 

unable to be calibrated post-collection and therefore it was assumed that voltage drift 

was negligible. 

3.2.5 Measurement of apparent total tract digestibility of nutrients 

The ability to measure digestibility indicates the nutritive value of the diet. This 

measurement was done for all steers except for 110E which previously had a repaired 

rectal prolapse. A three-day collection period described by Lopes et al., (2009) for feed 

and feces was conducted on trial days 71 to 73.  This method allows for the opportunity 

to obtain feed and fecal samples on a higher number of animals for increased accuracy 

of results (Ferraretto et al., 2015). Over three days, feed and fecal samples are taken 

every nine hours.  

Fecal grab samples were taken with a labelled plastic bag via the rectum. These 

samples are weighed out to 100 within 10 g before being put on ice and stored at -20°C 

until composited for analysis. Fecal samples were composited by each animal for every 

time point to create a 24-hour estimate of the digestibility of the diet for a given animal 

(Ferraretto et al., 2015). Feed samples were taken from each of the 12 feeding bunks at 

each time point and frozen at -20°C until composited for analysis. All frozen feed and 
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fecal total tract digestibility samples were thawed and dried in a forced air oven at 55°C 

for five days or until dry for dry matter determination (Henry et al., 2015). Dried samples 

were kept at -20°C until later analyzed. 

The composited bunk feed and animal fecal samples were analyzed at the A&L 

Canada Laboratories (London, Ontario). All of the previously stated methodologies for 

feed samples were used for the feed and fecal samples taken for total tract digestibility. 

Acid insoluble ash (AIA) was used as a natural marker as it is indigestible and the feed 

and fecal concentrations should not differ (Van Keulen and Young, 1977). Methodology 

used for the feed and fecal samples was determined as the residue from ADF after 

ashing at 525°C (Van Soest et al., 1991). Apparent total tract digestibility of feed dry 

matter (DM) and other components (I) were calculated using Equations 5 and 6. 

𝐷𝑀(%) = 100% − (
𝐴𝐼𝐴𝑓𝑒𝑒𝑑

𝐴𝐼𝐴𝑓𝑒𝑐𝑎𝑙
∗ 100)             (eq:5) 

𝐼(%) = 100% − ((
𝐴𝐼𝐴𝑓𝑒𝑒𝑑

𝐴𝐼𝐴𝑓𝑒𝑐𝑎𝑙

∗ 𝐼𝑓𝑒𝑐𝑎𝑙

∗ 𝐼𝑓𝑒𝑒𝑑
) ∗ 100)          (eq:6) 

3.3 Data and statistical analysis 

Data were analyzed using the GLIMMIX procedure in SAS (SAS Institute Inc., 

Cary, NC). The data obtained from this portion of the trial was treated as a randomized 

block design with steer as the experimental unit and block (pen) as a random effect and 

treatment equally distributed in the pens as the fixed effect. Treatments being CON as 

fed a diet with additional 20L of water added to the TMR and ENZ being fed a diet with 

the additional enzyme and water mixture for a total volume of 20L added to the TMR 

prior to feeding out. These repeated measures were included for weight, dry matter 
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intake and feed conversion ratio data. Indwelling pH probe data and blood metabolite 

concentrations were also analyzed using the GLIMMIX procedure with the same fixed 

and random effects as previously stated. Significance was declared at P ≤ 0.05. 

3.4 Results 

The grower period rations had an average activity of 85,876.36 XU/kg and 2,954 

ECU/kg for xylanase and cellulase respectively in the enzyme diet. During the early 

finisher period, these values were 248,240 XU/kg and 6,315 ECU/kg, while the control 

samples contained below the detection rate of 2,000 XU/kg and 500 ECU/kg units of 

enzyme activity. 

Body weight, rump fat, and rib fat did not differ between the CON and ENZ (P ≥ 

0.32; Table 4). Ultrasound rib eye area was significantly larger (P = 0.02) for the CON 

group. However, ADG, DMI, feed conversion ratios, and ultrasound measurements did 

not differ (P ≥ 0.31) between CON and ENZ steers throughout the grower phase (Table 

4). Performance values did not differ (P ≥ 0.055) for CON and ENZ steers in the 

transition phase (Table 5). Early finisher phase ADG, DMI, feed conversion ratios, rump 

fat and rib fat ultrasounds did not differ (P ≥ 0.16; Table 6). In the early finisher phase 

rib eye area measured on day 141 differed between CON and ENZ (P = 0.011) groups. 

No significant differences (P ≥ 0.12) in animal performance were found for performance 

traits throughout experiment one for CON and ENZ steers (Table 7). There were no 

significant differences (P ≥ 0.17) found between the CON and ENZ treatment groups for 

BHBA, cholesterol, glucose, haptoglobin, NEFA, total protein, albumin, globulin, AG 

ratio and urea concentrations in the blood (Table 8). There were no significant 
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differences (P ≥ 0.051) found between the CON and ENZ treatment groups for BHBA, 

cholesterol, glucose, haptoglobin, NEFA, total protein, albumin, AG ratio and urea 

concentrations in the blood (Table 8). However, there was a significant difference (P = 

0.046) in globulin blood concentration between the CON and ENZ steers. 

Rumen pH data from 2 of the probes were eliminated from the experiment in the 

grower and transition phases due to sensor malfunction. Of the 24 electrodes, one was 

dismissed for the grower phase data and two were dismissed in the transition phase. 

Minimum, mean, and maximum pH did not differ (P ≥ 0.37) between CON and ENZ 

steers throughout the three-week grower phase (Table 9). Although values were more 

extreme in comparison to the grower phase, there were no significant differences (P ≥ 

0.21) in minimum, mean and maximum pH to the transition phase for CON and ENZ 

(Table 10). During the grower phase, the total, mild, and severe durations for CON and 

ENZ steers, as well as the area under the curve for these steers did not differ (P ≥ 0.07) 

between treatment groups (Table 9). During the grower phase none of the steers 

entered the acute threshold (pH < 5.2) for ruminal acidosis. In the transition phase, pH 

durations under thresholds increased in comparison to the grower phase 

measurements, but still did not differ (P ≥ 0.46) between the treatment groups for total, 

mild, severe and acute duration or area (Table 10). 

The apparent total tract digestibility of NDF, ADF and starch were unaffected by 

the addition of a fibrolytic enzyme pre-treatment (P ≥ 0.18;Table 11). Dry matter, CP 

and energy digestibility were significantly improved (P ≤ 0.03 each) for the steers using 

a fibrolytic enzyme pre-treatment in comparison to the CON steers. 
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3.5 Discussion 

The objective of this experiment was to examine the effects of a fibrolytic enzyme 

pretreatment on growth performance, feed intake, feed efficiency, ruminal pH and 

apparent total tract digestibility. The number of animals changed throughout the first 

experiment of the trial. Steer 110E was eliminated after the grower period due to a 

rectal prolapse. Steers 360E and 59E died (suspected bloat) on days 135 and 143, 

respectively, eliminating them from the early finisher and other data onwards. Lastly, 

steers 369E and 59E were in the sick pen being treated for bloat during trial day 141 

and therefore were not included in blood collection on that day.  

Enzyme activity is influenced by temperature, pH, diet type and diet characteristics 

and is usually measured by the manufacturer and therefore the comparison of activities 

between products is difficult (Beauchemin et al., 2003a). Due to the large number of 

factors associated with optimal enzyme activity for each individual enzyme additive, 

each one will result in a different response within each animal and for each diet it is 

used. It is more important to focus on achieving target activity levels for that product 

rather than in comparison to others. For experiment one, the desired enzyme activity 

levels were calculated based on the dry matter contents for each grower and finisher 

diet at 150,938 and 211,313 units for xylanase and 4,313 and 6,038 for cellulase, 

respectively. During the grower phase, the desired enzyme activity was not achieved 

until week 6 of this phase and may likely attributed to inadequate dispersant of the 

enzyme within the TMR mixer. This was resolved as quickly as possible by the addition 
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of additional water. The minimal targets for xylanase and cellulase activity of 211,313 

XU/kg, and 6,038 ECU/kg were achieved in the finisher phase of this experiment. 

Animal performance traits for ADG, DMI and feed conversion were not significantly 

affected by the addition of the enzyme in any phase or the entirety of experiment one. 

Lack of differences in ADG is supported in work by He et al., (2014;2015) in which the 

use of fibrolytic enzymes did not affect any performance parameters. However, 

numerically during the transition, early finisher and all of experiment one, ADG was 

between 6% and 11% lower for the enzyme steers compared to the control, which is not 

consistent with the results of other researchers. Numerous studies have found that the 

addition of an exogenous enzyme to the diet improved ADG between 6.8%-36% 

depending on ration fed (Beauchemin et al., 1995; Beauchemin et al., 1999; Krause et 

al., 2003; Salem et al., 2013). Forage sources in these studies that found increased 

ADG using an enzyme ranged from barley, alfalfa hay, and timothy hay, and also had 

differences between which portions of the ration (concentrate, forage, or entire TMR 

mix) that were treated by the enzyme product. As explained by Beauchemin et al., 

(1995), forage type and quality can indicate the effectiveness of the enzyme additive 

and that lower quality forages, specifically those with lower digestibility, provide the best 

platform for enzyme induced performance.  

NDF is made up of hemicellulose, cellulose and lignin. Lignin content has been 

negatively correlated with digestibility and it is one of the first limiting factors in digestion 

of animal feed (Sanz-Sáez et al., 2012; Combs, 2017). A study in dairy heifers defined 

low quality diets containing at least 48% NDF while a high-quality diet contains 38% 
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NDF (Ding et al., 2015). In this study, forage NDF concentrations were determined as 

42% for corn silage, 70% for orchard grass hay, 80.2% for wheat straw and 10.9% for 

ground corn (Ding et al., 2015). The only source of forage in the diet for experiment one 

was corn silage, whereas the previously stated studies used diets with forage sources 

such as barley silage, alfalfa hay, timothy hay and alfalfa silage. Corn silage has the 

highest cell wall digestibility in comparison to alfalfa and timothy hay, emphasizing the 

hypothesis that the lower quality fibres in alfalfa and timothy would more likely be 

improved by enzyme addition (Jeranyama and Garcia, 2004). However, barley silage 

continues to be a forage source that is not impacted by exogenous enzyme use 

(Beauchemin et al., 1995; He et al., 2015). High quality forage is considered to provide 

more energy through increased rate and extent of carbohydrate fermentation in 

comparison to low-quality forage. The present study used a higher quality forage source 

(corn silage) which limited the effectiveness of the fibrolytic enzyme and therefore, did 

not improve performance traits. 

Previous literature has shown no impact of enzyme addition on dry matter intake 

(Lewis et al., 1996; Beauchemin et al., 1999; Rode et al., 1999; Arriola et al., 2011; 

Salem et al., 2013; He et al., 2014; Henry et al., 2015). However, other researchers 

found that the use of a fibrolytic enzyme with alfalfa and barley silage diets fed to dairy 

cattle decreased DMI (Holtshausen et al., 2011). Conversely, many others have found 

the changes in ADG from enzyme additions to diets to be significant enough to cause 

significant improvement in feed conversion, between 6%-21% for animals fed an 

enzyme treated diet (Beauchemin et al., 1995; Beauchemin et al., 1997; Krause et al., 
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2003; Salem et al., 2013). As DMI and ADG were not different in these corn silage-

based diets, no difference in feed conversion is expected. This outcome is similar to 

previous research (Beauchemin et al., 1999; He et al., 2014). 

Deposition of fat was measured using ultrasound technology and no differences 

were found between treatment groups for rump fat or rib fat depths. He et al., (2014) 

found similar results suggesting that the use of an enzyme additive in the diet does not 

affect fat deposition in the animal. Fat deposition can be an indicator of energy status as 

greater fat deposition is associated with greater energetic uptake of nutrients for a given 

animal. However, at the start (d 1) and end (d 141) of the experiment, the control group 

had a larger rib eye area than the enzyme treated steers. This can be partially explained 

by the fact that the first measurements were already statistically different from one 

another and did not diverge during the experiment. 

Blood parameters are used in many ways to assess the nutritional, immunological 

and overall metabolic homeostasis of an animal. No significant differences were found 

between blood parameters for the CON and ENZ steers and all values fell within a 

reference range provided by Agenäs et al., (2006). This suggests that nutritional status 

was similar across all animals. For the final blood collection data for experiment one (d 

141), globulin concentrations appear significantly lower in the CON steers in 

comparison to ENZ steers. Although, at levels of 29.2 g L-1 and 30.64 g L-1 for CON and 

ENZ respectively differ statistically, numerically these values are not very different 

biologically. Agenäs et al., (2006) suggested the normal range of globulins within the 

serum of nourished cattle is 27.2-49.2 g L-1 which is what the results of this experiment 
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falls within. A study including dairy cattle blood metabolites had globulin levels of 67 g L-

1 to 69 g L-1 that were not considered significantly different although double the normal 

range (Li et al., 2017). Concentrations of metabolites have not been of great focus in 

studies using exogenous enzymes as these products do not appear to have a mode of 

action in animal metabolism but more so in access and absorption of nutrients. 

However, increases in nutrient absorption may affect metabolic status and therefore it is 

still essential to monitor metabolite concentrations as affected by use of enzymes in the 

diet. 

No differences between the CON and ENZ groups were found for any of the pH 

data. Previous studies have found similar results showing that the addition of an 

exogenous enzyme to the diet does not affect ruminal pH (Krause et al., 1998; Peters et 

al., 2010; Chung et al., 2012). In contrast to these findings, a few studies have found 

that the addition of an enzyme additive to the diet lowers the rumen pH either overall or 

just prior to a meal in comparison to a control group (Lewis et al., 1996; Salem et al., 

2013). Other studies found a decrease in the area under the curve at pH of 5.5 for 

animals fed a diet with the enzyme addition added to the premix or the supplement 

portions in comparison to a control diet or a diet with enzyme addition to the concentrate 

portion of the diet, however in this study particle size of the diet was of concern 

(Bowman et al., 2003). Causes for decreases in rumen pH with enzyme addition may be 

the reduction in rumination necessary to digest the ration decreasing saliva production 

and subsequently reducing rumen pH, or the interference of the enzymes with the 

optimal rumen microbial population (Bowman et al., 2003). A study by Wang et al 
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(2001) found that fibrolytic enzyme addition in vitro did not alter total microbial 

population but instead increased cellulolytic bacterial numbers and decreased ammonia 

concentration. This is another area in which there are varying results that may be due to 

differences in methodologies, diet, product type and other study design aspects. 

Past digestibility studies evaluating exogenous enzymes in the diet have reported 

digestibility values similar to those observed in this present study for DM, NDF, ADF 

and starch (Krause et al., 1998; McGeough et al., 2010). For studies conducted with 

low-quality forage, NDF and ADF digestibility values tended to be higher which is 

expected due to the low digestibility for plant cell walls in low-quality forages and 

previously discussed improvements in enzyme efficiency (Klinger et al., 2007; Südekum 

et al., 1995). However, Krause et al., (1998) used the total collection digestibility method 

and found a 28% increase in ADF digestibility when a fibrolytic enzyme was added to 

beef cattle diet, while DM, OM and NDF digestibility values were unaffected. As 

previously mentioned, ADF digestibility can change with the use of a fibrolytic enzyme 

depending on the quality of the forage source (Beauchemin et al., 1995). When a high 

quality, lower NDF forage source was used, the addition of a fibrolytic enzyme improved 

starch digestibility, but there were no other improvements in nutrient apparent total tract 

digestibility values. However, when the low NDF forage source was partially replaced by 

a lower quality forage, a decrease DM digestibility occurred (He et al., 2014). When 

considering the impact of forage quality on the response to use of fibrolytic enzymes 

measured in a digestibility study, a low-quality forage is expected to have improved 

digestibility with the use of a fibrolytic enzyme additive. The diets of this present study 
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had corn silage as the fibre source, and therefore, it is to be expected that total tract 

digestibility of fibres would not be greatly improved.  

This present study found that the addition of the fibrolytic enzyme to the diet 

improved the digestibility of total DM, CP and energy. Crude protein digestibility values 

for both dietary treatment groups in the present study are much lower than values 

reported in previous studies (McGeough et al., 2010; Puhakka et al., 2016). The lower 

digestibility values in the present study may be due to an increase in ruminal microbial 

CP and endogenous CP in addition to undigested dietary CP that was present in the 

feces (Lukas et al., 2005). Energy digestibility was determined using NEg (Mcal Kg-1) 

values for the feed and feces to obtain a percentage difference (Colucci et al., 1982; 

Zhang and Adeola, 2017). Researchers have found there are no changes in total tract 

digestibility values when adding a fibrolytic enzyme to the diet, but if the enzymes are 

dosed intrarumminally there was a decrease in apparent total tract DM and NDF 

digestibility (McAllister et al., 1999). Other researchers have found the addition of an 

enzyme improves the digestibility of all nutrients (Salem et al., 2013). The extent of CP 

digestibility improvement is 75.8% for the ENZ steers relative to control. Other 

researchers have found similar results with changes in blood metabolite ammonia N to 

suggests improved rumen protein degradation where this present study lacks metabolite 

responses (Salem et al., 2013). This lack of response in this present study in blood 

metabolite concentrations suggests the improvement in CP digestibility does not stem 

from rumen protein degradability. Work by Nsereko et al., (2002) found that the addition 

of enzymes to the diet increases microbial protein synthesis and flow into the 
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duodenum. It is also noted that the SEM for CP digestibility is much higher than that of 

the other nutrients listed meaning there is more variation between individuals for the 

digestibility of CP. Improved apparent digestibility of CP for steers fed a diet with added 

enzyme due to the increase in amino acid availability in the forage portion of the diet 

through the breakdown of the plant cell wall. Improved apparent digestibility for CP in 

steers fed a diet with added enzyme is due to the increase in amino acid availability in 

the forage portion of the diet through the breakdown of plant cell walls.  

When evaluating the results for digestibility, using NEg as an indicator of energy 

absorption, the steers fed the enzyme treated ration appeared to have significantly 

greater digestibility of energy in comparison to the control group. This information 

suggests the possibility that the ENZ steers were able to absorb more energy from their 

given diet than those of the CON diet, yet not enough to translate to a performance 

measurable difference. Other researchers have either not reported energy digestibility 

or not found significant differences when using an enzyme additive in the diet for dairy 

and beef cattle. With the numerical decrease in DMI for the ENZ treated steers in 

comparison to the CON steers in the present study, it can be hypothesized that the 

passage rate may also decreased for these animals which allows for the greater 

digestibility of some nutrients (Lukas et al., 2005).  

In brief, the large variation in methodologies and inclusion rates for addition of 

enzymes to ruminant diets as well as differences in diet and enzyme type or forage 

quality contribute to the vast amount of varying results between the current study and 

the literature for the use of these products in the beef industry. As seen in this particular 
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study, the use of fibrolytic enzyme additives in diets with a high-quality forage are not 

impactful on animal performance or reticulo-ruminal pH, although enzyme addition did 

improve apparent total tract digestibility for DM, CP and NEg. 

3.6 Conclusion 

The use of this enzyme in the diet of grower and early finisher rations for feedlot 

steers resulted in no significant differences for growth performance (ADG, DMI, feed 

conversion). The lack of response can be attributed to both the below target enzyme 

activities in the initial grower period and the higher quality forage used in the diet, corn 

silage. Overall, this experiment suggests that higher quality forages are not impacted by 

the use of fibrolytic enzyme additives for improving overall animal health or 

performance. Enhancement of DM, CP and energy digestibility was found when adding 

this particular enzyme additive to the diet of growing feedlot steers, yet the extent of 

digestibility improvement did not translate into a production response. Therefore, the 

hypothesis for this experiment was rejected as the digestibility of fibre components of 

the diet, NDF and ADF, were not improved with enzyme addition and animal growth and 

performance were unaffected. Future research should aim to find optimal levels of 

enzyme inclusion rates and forage quality to maximize the response when enzymes are 

added to feedlot rations.   
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Table 1: Ingredient and chemical composition of grower rations for in experiment one, fed once a 
day at 0800 h from day 1-80 

 Grower Rationsz  

Ingredient Composition (% DM)  CON ENZ 

Corn Silage 78.7 78.7 

Grower Vitamin/Mineral Premixy 21.3 21.3 

 

Chemical Composition  

DM, % 47.1 47.1 

CP, % DM 8.9 9.1 

ADF, % DM 23.7 22.1 

NDF, % DM 40.5 39.5 

NEg, Mcal Kg-1 1.01 1.04 
zThe application rate of 0.75 ml of the enzyme for each kilogram of DM of feed was 

diluted to a total volume of 20 liters with water and added into the TMR for the ENZ 

group. The CON group had 20 liters of water added to the ration using the TMR mixer 

to ensure similar feed dry matter between the two groups.  
yPer Kg: 93.9% dried distiller’s grains plus solubles, 3.1% limestone, 1.0% fine salt, 

0.7% monocalcium phosphate, 0.4% selenium, 0.4% k-potassium chloride, 0.3% 

Floradale Feed Mill ruminant micro premix (not containing ionophores), 0.1% 

magnesium oxide, 0.1% sulphur. 
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Table 2: Ingredient and chemical composition of early finisher rations for experiment one, fed 
once a day at 0800 h from day 98-157 

 Early Finisher Rationsz  

Ingredient Composition (% DM) CON ENZ 

High-moisture corn 60 60 

Alfalfa Haylage 17 17 

Finisher Vitamin/Mineral Premixz 23 23 

 

Chemical Composition  

DM, % 66.02 64.65 

CP, % DM 13.88 14.01 

ADF, % DM 7.50 7.27 

NDF, % DM 14.01 14.23 

NEg, Mcal Kg-1 1.21 1.41 
zThe application rate of 0.75 ml of the enzyme for each kilogram of DM of feed was 

diluted to a total volume of 20 liters with water and added into the TMR for the ENZ 

group. The CON group had 20 liters of water added to the ration using the TMR 

mixer to ensure similar feed dry matter between the two groups.  
yPer Kg: 93.9% dried distiller’s grains plus solubles, 3.1% limestone, 1.0% fine salt, 

0.7% monocalcium phosphate, 0.4% selenium, 0.4% k-potassium chloride, 0.3% 

Floradale Feed Mill ruminant micro premix (not containing ionophores), 0.1% 

magnesium oxide, 0.1% sulphur. 
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Table 3: Ingredient composition of step-up rations from grower to finisher phases for all steers in 
experiment one. Fed once a day at 0800 h 

Ingredient Composition (% DM) 

 

Grower 

Step-up 

one 

Step-up 

two 

Step-up 

three 

 

Finisher 

Corn Silage 78.7 59.35 39.9 20.2 - 

Dried Distiller’s Grains 20 20 20 20 20 

High-Moisture Corn - 15 30 45 60 

Alfalfa Haylage - 4 8 12.25 17 

Grower Vitamin/Mineral Premixy 1.1 1.05 1.0 0.95 0.9 

Limestone 0.1 0.25 0.5 0.75 1 

Salt 0.1 0.1 0.1 0.1 0.1 

Urea - 0.25 0.5 0.75 1 

CON and ENZ steers continued to receive their water and water/enzyme mixture 

add-ins to the TMR respectfully throughout the step-up period. Once the finisher diet 

commenced, the finisher vitamin/mineral premix was used for the remainder for the 

experiment.  
z Step-up 1 ration fed from day 81-85, step-up 2 ration from day 86-90, step-up 

ration 3 from day 91-97, finisher diet from day 98-slaughter 

yPer Kg: 93.9% dried distiller’s grains plus solubles, 3.1% limestone, 1.0% fine salt, 

0.7% monocalcium phosphate, 0.4% selenium, 0.4% k-potassium chloride, 0.3% 

Floradale Feed Mill ruminant micro premix (not containing ionophores), 0.1% 

magnesium oxide, 0.1% sulphur. 
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Table 4: Effects of enzyme addition on grower phase performance from day 1-80 of study 

 Dietary Treatmentz 
  

Item CON 

(n=27) 

ENZ 

(n=27) 

SEM P-value 

Initial BWy, kg 230 226 4.7 0.50 

ADG, Kg d-1 1.46 1.46 0.040 0.99 

DMI, Kg d-1, DM 6.91 6.66 0.334 0.61 

F:G 4.73 4.69 0.244 0.90 

G:F 0.22 0.25 0.019 0.31 

     

Ultrasound Measurement     

Initial Rump fat depth, mm 1.8 1.6 0.13 0.32 

Initial Rib fat depth, mm 1.8 1.8 0.16 0.90 

Initial Rib eye area, cm2 42.7 39.1 1.06 0.02 

d 85 Rump fat depth, mm 4.6 4.8 0.33 0.72 

d 85 Rib fat depth, mm 4.7 5.0 0.29 0.42 

d 85 Rib eye area, cm2 66.4 64.4 1.54 0.36 
zThe application rate of 0.75 ml of the enzyme for each kilogram of DM of feed was 

diluted to a total volume of 20 liters with water and added into the TMR for the ENZ 

group. The CON group had 20 liters of water added to the ration using the TMR 

mixer to ensure similar feed dry matter between the two groups.  
yBW averaged over day 0 and day 1 of the study. 

  



 

 

51 

 

Table 5: Effects of enzyme addition on transition phase performance from day 81-97 

 Dietary Treatmentz 
  

Item CON (n=27) ENZ (n=27) SEM P-value 

ADG, Kg d-1 1.92 1.74 0.066 0.055 

DMI, Kg d-1, DM 9.77 9.20 0.413 0.34 

F:G 5.24 5.58 0.345 0.49 

G:F 0.21 0.20 0.012 0.81 
zThe application rate of 0.75 ml of the enzyme for each kilogram of DM of feed was 

diluted to a total volume of 20 liters with water and added into the TMR for the ENZ 

group. The CON group had 20 liters of water added to the ration using the TMR 

mixer to ensure similar feed dry matter between the two groups.  
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Table 6: Effects of enzyme addition on early finisher phase performance from day 98-157 

 Dietary Treatmentz 
  

Item CON (n=25) ENZ (n=26) SEM P-value 

ADG, Kg d-1 1.77 1.59 0.842 0.14 

DMI, Kg d-1, DM 9.66 9.23 0.389 0.43 

F:G 5.53 6.75 0.616 0.16 

G:F 0.19 0.18 0.010 0.41 

     

Ultrasound Measurement     

d 141 Rump fat, mm 9.1 9.2 0.53 0.87 

d 141 Rib fat, mm 8.4 8.2 0.40 0.73 

d 141 Rib eye area, cm2 91.5 85.9 1.51 0.01 
zThe application rate of 0.75 ml of the enzyme for each kilogram of DM of feed was 

diluted to a total volume of 20 liters with water and added into the TMR for the ENZ 

group. The CON group had 20 liters of water added to the ration using the TMR 

mixer to ensure similar feed dry matter between the two groups. 
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Table 7: Effects of enzyme addition on total performance over entire experiment one from day 1-
157 

 Dietary Treatmentz 
  

Item CON (n=25) ENZ (n=26) SEM P-value 

ADG, Kg d-1 1.66 1.57 0.041 0.12 

DMI, Kg d-1, DM 8.31 7.90 0.330 0.39 

F:G 5.00 5.16 0.229 0.63 

G:F 0.21 0.21 0.010 0.85 
zThe application rate of 0.75 ml of the enzyme for each kilogram of DM of feed was 

diluted to a total volume of 20 liters with water and added into the TMR for the ENZ 

group. The CON group had 20 liters of water added to the ration using the TMR 

mixer to ensure similar feed dry matter between the two groups. 
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Table 8: Effects of dietary enzyme addition on blood metabolite concentrations for steers 

 Dietary Treatmentz   

Item CON ENZ SEM P-value 

BHBA, µmol L-1     

           d 57 477 521 26.7 0.25 

           d 141 359 394 33.1 0.42 

Cholesterol, mmol L-1     

           d 57 2.60 2.81 0.105 0.15 

           d 141 3.54 3.72 0.181 0.47 

Glucose, mmol L-1     

           d 57 4.84 4.97 0.062 0.17 

           d 141 4.63 4.50 0.086 0.28 

Haptoglobin, g L-1     

           d 57 0.184 0.182 0.016 0.92 

           d 141 0.168 0.146 0.011 0.16 

NEFA, mmol L-1     

           d 57 0.093 0.102 0.008 0.38 

           d 141 0.110 0.104 0.006 0.51 

Total Protein, g L-1     

           d 57 63.3 64.0 0.56 0.38 

           d 141 65.2 66.6 0.49 0.051 

Albumin, g L-1     

           d 57 33.78 34.15 0.387 0.50 

           d 141 36.04 36.00 0.269 0.92 

Globulin, g L-1     

           d 57 29.56 29.89 0.650 0.72 

           d 141 29.20 30.64 0.497 0.046 

AG ratio     

           d 57 1.16 1.16 0.033 0.98 

           d 141 1.24 1.19 0.236 0.10 

Urea, mmol L-1     

           d 57 1.15 1.13 0.077 0.94 

           d 141 2.68 2.78 0.126 0.59 

d 57 data has n=54 and d 141 data has n=50. 
zThe application rate of 0.75 ml of the enzyme for each kilogram of DM of feed was 

diluted to a total volume of 20 liters with water and added into the TMR for the ENZ 

group. The CON group had 20 liters of water added to the ration using the TMR 

mixer to ensure similar feed dry matter between the two groups. 
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Table 9: Enzyme effects on reticulo-ruminal pH values during the grower phase data period from 
day 58-78 

 Dietary Treatmentz 
  

Item CON (n=11) ENZ (n=12) SEM P-value 

Mean pH 6.65 6.64 0.044 0.87 

Minimum pH 5.76 5.72 0.061 0.64 

Maximum pH 7.24 7.21 0.046 0.70 

Mild RAy  

     Duration, h d-1 0.04 0.54 0.37 0.33 

     Area, pH*min 2.90 8.03 3.09 0.24 

Severe RA  

     Duration, h d-1 - 0.005 0.002 0.07 

     Area, pH*min - 0.29 0.108 0.07 

Acute RA  

     Duration, h d-1 - - - - 

     Area, pH*min - - - - 

Total RA 

     Duration, h d-1 0.04 0.54 0.365 0.33 

     Area, pH*min 2.90 8.32 3.15 0.23 

RA = rumen acidosis. 
zThe application rate of 0.75 ml of the enzyme for each kilogram of DM of feed was 

diluted to a total volume of 20 liters with water and added into the TMR for the ENZ 

group. The CON group had 20 liters of water added to the ration using the TMR 

mixer to ensure similar feed dry matter between the two groups. 
yMild RA defined as rumen pH values between 5.6 and 5.8; Severe RA defined as 

rumen pH values between 5.2 and 5.6; Acute RA defined as rumen pH values < 5.2. 
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Table 10: Enzyme effects on reticulo-ruminal pH during the transition phase data period from day 
79-99 

 Dietary Treatmentz 
  

Item CON (n=10) ENZ (n=12) SEM P-value 

Mean pH 6.61 6.60 0.060 0.89 

Minimum pH 5.56 5.56 0.081 0.97 

Maximum pH 7.46 7.32 0.080 0.21 

Mild RAy 

     Duration, h d-1 0.34 0.28 0.156 0.81 

     Area, pH*min 46.18 38.78 24.115 0.82 

Severe RA 

     Duration, h d-1 0.10 0.07 0.067 0.74 

     Area, pH*min 14.13 9.16 9.801 0.71 

Acute RA 

     Duration, h d-1 0.026 0.007 0.018 0.46 

     Area, pH*min 2.78 0.86 1.994 0.49 

Total RAy 

     Duration, h d-1 0.46 0.36 0.236 0.75 

     Area, pH*min 63.09 48.81 35.028 0.77 

RA = rumen acidosis. 
zThe application rate of 0.75 ml of the enzyme for each kilogram of DM of feed was 

diluted to a total volume of 20 liters with water and added into the TMR for the ENZ 

group. The CON group had 20 liters of water added to the ration using the TMR 

mixer to ensure similar feed dry matter between the two groups. 
yMild RA defined as rumen pH values between 5.6 and 5.8; Severe RA defined as 

rumen pH values between 5.2 and 5.6; Acute RA defined as rumen pH values < 5.2. 
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Table 11: Effects of enzyme addition on apparent total tract digestibility in grower phasez 

  

 Dietary Treatmenty 
  

Total tract digestibility (%) CON (n=27) ENZ (n=26) SEM P-value 

DM 78.53 80.19 0.545 0.03 

CP 15.31 26.93 3.669 0.03 

NDF 20.69 21.61 1.898 0.73 

ADF 20.35 19.20 1.970 0.68 

Energyx 59.60 64.39 1.103 0.003 

Starch 98.37 91.56 0.422 0.18 
zCollection conducted on days 71-73 
yThe application rate of 0.75 ml of the enzyme for each kilogram of DM of feed was 

diluted to a total volume of 20 liters with water and added into the TMR for the ENZ 

group. The CON group had 20 liters of water added to the ration using the TMR mixer 

to ensure similar feed dry matter between the two groups. 
xMeasured using NEg (Mcal Kg-1) 
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4 Effects of adding Saccharomyces cerevisiae in the late 
finishing phase of feedlot production on ruminal pH, and 
animal performance and effects of both enzyme and yeast 
on carcass characteristics, rumen health and immune 
response 

4.1 Introduction 

Direct-fed microbials like Saccharomyces cerevisiae (yeast), have been 

extensively studied in the past as a natural additive to meet the preferences of 

consumers for reducing use of antibiotics for animal production. In addition, yeast 

supplementation in cattle diets can combat animal health problems such as ruminal 

acidosis. Previous studies have indicated yeast can stabilize lactate populations in the 

rumen that in turn buffers ruminal pH (Marden et al., 2008). Experiment two assesses 

yeast for its effectiveness at a high dose (60B CFU) in the late finishing phase of feedlot 

cattle performance and gut health. At the end of experiment two all animals were 

processed at the University of Guelph, Department of Animal Biosciences Meat Lab 

Facility. Steers were sent for slaughter based on heaviest body weight of each 

treatment subgroup first to ensure an even number of subgroup animals each week as 

to not confound days on feed with treatment. 

4.2 Materials and methods 

4.2.1 Animals and experimental design 

A seven-day washout period was implemented between the enzyme and yeast 

experiments in which all cattle were fed the finisher diet described in Table 2 without 

any enzymes or yeast added. Within each pen, the 18 animals on the CON and ENZ 
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treatments in experiment one were randomly and equally allocated to be fed the control 

(CON) or yeast added (YST) diet (Table 12)  in the late finisher phase. This resulted in 

as close to equal numbers of the 4 treatment sequence groups in each of the 3 pens; 

CC (control/control n=14 total), CY (control/yeast, n=13 total), EC (enzyme/control, 

n=14 total), EY (enzyme/yeast, n=13 total). The yeast portion of the study was 

conducted from d 165 until day of slaughter for each animal (up to day 245).  

4.2.2 Diet formulation and feed analysis 

The diet was formulated to meet or exceed the nutritional requirements of 

finishing beef steers (NRC, 2016; Table 12). The yeast in this study is a live, active dry 

Saccharomyces cerevisiae product used in cattle, pig, horse, sheep and goat feed to 

optimize performance (Vistacell, AB Vista, Marlborough, UK). The recommended dose 

of this product for feedlot cattle is 1.5 g per head per day. This would result in a 

minimum of 30 billion colony forming units (CFU) provided to the animal each day. A 

high dose is considered to be a dose higher than the standard recommended dose that 

gives the desired effects without causing toxicity. The desired effects for this study 

would be to enhance the lactate stabilization and rumen health properties of 

Saccharomyces cerevisiae. For this study, 3 g/hd/d of the product were added to the 

yeast ration providing a high dose of a minimum of 60 billion CFU. Control (CON) steers 

were fed the TMR diet with a premix without additional yeast added, while the yeast 

treated (YST) steers had the specified amount of yeast added to the premix portion of 

the TMR ration to ensure 3 g/hd/day consumption. 
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Water and feed were offered ad libitum with feed bunks filled every morning at 

approximately the same time (0800h). Insentec feeders (Insentec, B.V., Marknesse, the 

Netherlands) were used throughout the entire trial to record intakes on individual 

animals and to ensure each animal could only consume the diet assigned to them within 

each pen. Within each pen there are 4 Insentec feeder bunks, 2 of which were assigned 

to the CON steers and 2 were assigned to the YST steers. Samples of each diet were 

taken once a week and stored at -20°C until later analysis. All feed sample analysis was 

completed at the A&L Canada Laboratories in London, Ontario with the same 

methodologies previously stated in section 3.2.2. 

4.2.3 Blood analysis and body weight and ultrasound measurements 

Every 28 days, each animal was weighed, blood sampled, and ultra-sounded for 

fat deposition. Additional body weights were collected three to five days before 

slaughter. Weight measurements were used for the calculation of ADG and feed to gain 

ratio using the previously stated Equation 2 and Equation 3.  

Ultrasound images were used to assess the progression of fat deposition. Rump 

fat (mm), rib fat (mm) and rib eye area (cm2) were all measured at each time point. 

Ultrasound measurements and analysis were conducted as previously described in 

section 3.2.3. 

Blood samples were taken on days 169, 197, 225 and three to five days before 

slaughter. Plasma and serum samples were collected and managed as described in 

section 3.2.3. The final serum sample taken three to five days prior to slaughter was 

analyzed for urea, glucose, NEFA, BHBA, total protein, total cholesterol, albumin and 
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haptoglobin at the Animal Health Laboratory, University of Guelph. All methodologies 

were the same as previously stated in section 3.2.3. Serum amyloid-A concentration 

was quantified using a commercially available Tridelta Development Limited 

multispecies SAA ELISA kit (PHASEtm RANGE, Tridelta Development Limited, 

Maynooth, IE). Assays were conducted using the kit supplied procedure instructions. 

The calibrators were used to create a calibration curve with each plate run using a linear 

regression fit. The 96-well plate with calibrators, controls and samples in duplicate was 

read using a BioTek EPOCH 2 microplate reader at 450nm using 630nm as a reference 

(BioTek Instruments Incorporated, Winooski, VT, USA). Technical replicates with a 

coefficient of variation (CV%) was greater than 10% for mean values were run again for 

that specific sample. In addition, any values above the highest calibrator threshold were 

ran again at a greater dilution. The measuring range for bovine serum amyloid-A 

concentrations provided by the instructions was 9.4-150 µg/ml at a 1:500 dilution.  

4.2.4 Feeding behaviour 

Sample standard deviation of individual mean dry matter intake was calculated 

for each individual animal using Equation 7. Where σ is the individual standard 

deviation, Σ is the sum of, μ is the individual mean daily dry matter intake and η is the 

number of data points in the sample. 

𝜎 = √
Σ(X−μ)2

𝜂
    (eq. 7) 

This information was then used to compare the standard deviations of groups 

(CON/YST or CC/EC/CY/EY) to one another to assess if the variation of individual DMI 
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compared to the overall mean was impacted by the addition of a high dose of yeast to 

the diet. 

Feeding event data was recorded for each steer via the Insentec feeders. 

Feeding behaviour parameters were defined as follows; time at feeder in minutes per 

day, visits to feeder, time per visit in minutes, visit size in grams of feed consumed per 

visit, number of meals per day, time per meal in minutes, meal size in grams of dry 

matter per meal and eating rate as grams of dry matter consumed per minute 

(Montanholi et al., 2010; Salim et al., 2014). A feeding event was defined as any visit 

with feed consumption greater than 0 grams (Mantanholi et al., 2010; Salim et al., 

2014).  

4.2.5 Indwelling rumen pH loggers 

Indwelling data loggers (T9, Dascor, Escondido, CA) were administered in the 

late-finishing yeast portion of the study to the same 24 steers in which data loggers 

were administered in the grower phase (see section 3.1.6: Indwelling rumen pH loggers) 

(380E replaced 360E due to death). The data loggers were set up to measure every five 

minutes and were administered on days 169 and 171. A three-week measurement 

period began after the probes were administered to the steers from d 172 to 192. For 

each animal, minimum, maximum, and mean pH was calculated over the three-week 

data period as described in 3.2.4. 

4.2.6 Slaughter and gut health 

Each steer was stunned using a captive bolt gun and then was immediately hung 

upside down for death by exsanguination via jugular incision. Once bled, the tongue, 
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head, hide and cannon bones were removed from the carcass. The visceral organs 

were removed from the abdominal cavity and the gastrointestinal tract placed into a bin 

to be brought to a wet lab for processing, while the remainder of the carcass was 

washed and sent into a chill cooler.  

Liver abscess scoring was done on the kill floor according to the 2014 Elanco Liver 

Check System (Reinhardt and Hubbert, 2015; Table 23). Liver and kidney organ 

weights were also recorded on the kill floor. 

The lower gastrointestinal tract was separated from the reticulum, rumen, omasum 

and abomasum. The rumen was then separated from the rest of the gut and processed. 

This included slicing through the caudal pillar and along both the dorsal and ventral 

sacs to open for processing as seen in Figure 1.  

The indwelling ruminal pH data loggers were removed from the reticulo-rumen at 

this time and placed into electrode storage solution. The data was downloaded at a later 

time as described in sections 3.2.4 and 4.2.5.  

A piece of the rumen wall was cut from the caudoventral sac, as shown in Figure 

1; 50-60 individual papillae were cut at the base and placed into a flask of fridge stored 

PBS solution (Odongo et al., 2006; Pereira et al., 2014; Steele et al., 2015). The 

papillae were rinsed with fresh, ice-cold PBS solution three times. Six to ten papillae 

were placed into a histology cassette and then into 10% neutral buffered formalin to be 

later paraffin fixed for sectioning and hematoxylin and eosin (H&E) stained (Steele et 

al., 2011).  
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Rumen papillae cross sections were viewed under a light microscope. For each 

animal, five papillae were selected at random to be analyzed using an electronic 

application aided light microscope (Leica ICC50 W) equipped with “AirLab” software 

version [3.4] for image capturing (Leica Microsystems GmnH, Wetzlar, Germany). Each 

papilla had three images captured under a 40X objective lens including the base, middle 

and tip of each papilla. Measurements of each strata layer; corneum, granulosum, 

spinosum and basale, were completed using ImageJ software version [1.51] Copyright 

© 2015 (Steele et al., 2011, 2015; Laarman et al., 2015). Each image of the five-papilla 

had three measurements of individual strata layers resulting in 45 measurements per 

layer, per animal. The total number of measurements per animal equated to 180. These 

values were then averaged for a mean strata layer thickness for each animal. 

The layers of the strata were assigned descriptions as seen in section 2.6 to 

reduce the subjectivity and displayed in Figure 2. Additionally, papillae sloughing was 

scored as described by Steele et al., (2015), with a score of one as no sloughing, three 

as minor sloughing of the corneum, and five as severe sloughing. The slough scoring 

can be visualized in Figure 3. A mean score was calculated for each papilla and then 

averaged for each animal.  

After the previous sampling was complete, the rumen was emptied of digesta and 

rinsed with water. The rumen wall was then photographed for reference and rumen 

health score was assessed on an adapted version of Rezac et al., (2014) for all steers 

(Table 24). This information was used to score the rumen based on visual health status 

with one being a healthy rumen and five being the least healthy. Images of rumen 
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health scores of 1, 3 and 5 are seen in Figure 4. Rumen wall color is varied among 

steers from black to a very blonde; individual animal rumen wall color needs to be 

considered during scoring as discoloration looks different amongst different wall colors. 

Carcass characteristics were measured after slaughter by the Meat Lab staff. Hot 

carcass weight (HCW) was measured after the removal of the hide, head, internal fat 

and organs. Grade fat, ribeye area and lean yield were determined by previously 

described methods (Mandell et al., 1997). Grade fat was measured as the minimum fat 

in the last quadrants of the longissimus muscle and rib eye area was determined using 

the dot grid method. Quality grade was determined as A for trace marbling, AA as slight 

marbling and AA as small marbling by a trained grader. Lean yield was calculated by 

dividing the weight of lean muscle over the entire weight of the 10th to 12th rib section. 

Yield grade was determined as an estimation of the percentage of red meat on the 

carcass. 

4.3 Data and statistical analysis 

Data were analyzed using PROC GLIMMIX in SAS Version [9.4M5] of the SAS 

system, for [Linux] (SAS Institute Inc., Cary, NC, USA). The data obtained from this 

portion of the trial was treated as a randomized block design, with steer as the 

experimental unit, block (pen) as the random effect, and treatment equally distributed in 

the pens as the fixed effect. Repeated measures were analyzed over the yeast portion 

of the trial by treatment (CON or YST) where appropriate, and the entire study including 

both the enzyme and yeast experiments by yeast subgroup (CON or YST) and by 

treatment sequence group (CC, CY, EC, EY). For the entire study data, it is important to 
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analyze the potential effect of the previous treatment on the subsequent outcomes. This 

allows for the analysis of the individual animal’s study performance based on final 

treatment assignment or total treatment sequence. PROC FREQ was used to determine 

that days on feed, or order in which steers were sent to slaughter, did not play a role in 

the outcomes. Significance is declared at P ≤ 0.05. 

4.4 Results 

4.4.1 Experiment two 

At the beginning of the study, all animals were evenly dispersed among the 4 

treatment sequence groups and therefore had no difference in weight (CC:231.6 kg 

±28.03, CY: 229.3 kg ±25.07, EC: 225.21 kg ±24.78, EY: 226.9 kg ±21.10 P = 0.91; 

data not presented).  

Steer performance in terms of ADG and ultrasound measurements were not 

statistically different (P ≥ 0.10) between the CON and YST groups (Table 13). However, 

there were differences (P < 0.001) in DMI observed between the two treatment groups 

CON and for DMI (SD), feed to gain ratio and gain to feed ratio. YST-fed cattle 

consumed lower amounts of feed than CON cattle.  Furthermore, feed to gain and gain 

to feed ratios were significantly improved (P < 0.001 each) for the YST steers. No 

differences (P ≥ 0.10) were observed for ADG, and ultrasound measurements when 

analyzing experiment two performance data across treatment sequence groups CC, 

CY, EC and EY (Table 14). However, DMI was significantly lower (P < 0.001) for the 

YST groups (CY, EY) and F:G, and G:F were significantly improved (P ≤ 0.004) for YST 

(CY, EY)  steers. The mean daily DMI variation significantly differed between CON and 
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YST groups (P=0.04; Table 13). When assessing DMI variation for CC, CY, EC, EY 

groups there was no significant difference (P = 0.10) between treatments (Table 14). 

The performance outcomes for the length of the whole study CON or YST (P = 

0.61) did not differ for ADG but had significant differences (P ≤ 0.02) between groups for 

DMI, feed to gain ratio and gain to feed ratio (Table 15). Entire study performance traits, 

over the time period of both experiments ADG, DMI, feed to gain ratio and gain to feed 

ratio does not differ (P ≥ 0.11) between the CC, CY, EC, and EY groups (Table 16)   

During experiment two the time at feeder, time per visit, visit size, time per feeding 

event and feeding event size did not differ (P ≥ 0.19) between the CON and YST groups 

(Table 17). Visits to the feeder, number of feeding event and eating rate however, were 

significantly greater (P ≤ 0.04) for CON steers than the YST steers. When assessing 

experiment two feeding behaviour with the consideration of previous experiment one 

treatment assignment there was no difference (P ≥ 0.26) in visit or feeding event size 

between treatment sequence groups (Table 18). However, there were significant 

differences (P ≤ 0.006) between treatment sequence groups for time at feeder, visits to 

feeder, time per visit, number of feeding event, time per feeding event and eating rate. 

Each steer had a blood sample collected three to five days prior to slaughter. This 

sample was both the last experiment two and pre-slaughter sample used for analysis. 

For experiment two, there were no differences (P ≥ 0.31) found between CON and YST 

treatment groups for BHBA, cholesterol, glucose, Hp, NEFA, total protein, albumin, 

globulin, AG ratio, urea, serum amyloid-A concentrations in the blood (Table 19). 

Regarding the final blood sample prior to slaughter, there were no differences (P ≥ 0.22) 
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found between the CC, CY, EC, and EY treatment groups for BHBA, cholesterol, 

glucose, Hp, NEFA, total protein, albumin, globulin, albumin to globulin (AG) ratio, urea 

and SAA concentrations in the blood (Table 20).  

Of the 24 electrodes used to measure rumen pH, four were removed for the late 

finisher phase data due to sensor issues. Minimum, mean, and maximum pH did not 

differ (P ≥ 0.13) between CON and YST steers throughout the three-week late finishing 

phase ruminal pH measurements (Table 21). The total, mild, severe and acute 

durations for CON and YST steers, as well as the area for these steers did not differ (P 

≥ 0.16) amongst treatment groups. Treatment sequence groups also did not impact (P ≥ 

0.15) any pH measurements (Table 22). 

4.4.2 Slaughter and gut health 

Carcass parameters measured at slaughter were analyzed by experiment two 

treatment groups where body weight, hot carcass weight (HCW), liver weight, kidney 

weight, grade fat, rib eye area did not differ (P ≥ 0.24) between CON and YST treatment 

groups (Table 25). Ratios of liver and kidney weight to hot carcass or body weight did 

not differ (P ≥ 0.15) between treatment groups.  

Histology measures of the rumen papillae did not differ (P ≥ 0.38) between 

treatments for thickness of stratum corneum, granulosum, spinosum, basale and total 

layers (Table 26). Slough scores for the corneum also did not differ between CON and 

YST (P = 0.49) steers. No significant differences (P ≥ 0.21) were observed for rumen 

papillae histology and sloughing between treatment sequence groups (Table 28). 
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Carcass parameters measured at slaughter were also analyzed by treatment 

sequence group where liver weight, kidney weight, body weight, HCW, grade fat, rib eye 

area did not differ (P ≥ 0.18) between treatments (Table 27). 

No abscesses were present in 88.24% of all livers while moderate and severe liver 

abscesses were found in 7.84% and 3.92% of all livers respectively (data not shown). 

74.5% of carcasses graded as AAA while the remainder graded as AA with no 

differences (P = 0.63; data not shown) between treatment groups. Lean yield and yield 

grade were not statistically different between treatment groups (P = 0.94 and 0.43, 

respectively). Rumen health scores did not differ (P ≥ 0.54) amongst treatment groups. 

The incidence of each rumen health score among all steers was; 9.80% for a score of 1, 

29.41% for a score of 2, 45.10% for a score of 3, 11.76% for a score of 4 and 3.93% for 

a score of 5 (data not shown).  

4.5 Discussion 

4.5.1 Experiment two 

The objectives for this experiment were to examine the effects of adding an active 

dry yeast to the diet of late finishing steers on growth performance, feed intake, feed 

efficiency and ruminal pH. At the beginning of the experiment two, there were a total of 

51 animals within the trial; 27 were in the control group, made up of 14 CC and 13 EC, 

and 24 were a part of the yeast group, made up of 11 CY and 13 EY steers.  

Steer growth rates (ADG) did not differ between treatment groups in the current 

study. However, DMI was decreased by 31.1% in yeast steers, while ADG was 

maintained. This information is contradictory to previous research which found either an 
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increase in DMI or no effect of yeast supplementation in dairy cow (AlZahal et al., 

2014a; Malekkhahi et al., 2016) and beef heifer (Vyas et al., 2014) dry matter intake. As 

a result, feed conversion ratios were dramatically different between the CON and YST 

groups, due to the reduction in DMI with addition of this yeast additive. Groups CC and 

EC consumed more feed than CY and EY, suggesting that the grower phase treatment 

did not impact the outcomes of experiment two.  

Many yeast additive studies have been conducted in dairy cattle, where ADG and 

feed conversion ratios are not of focus for production, but a milk production response is 

observed. For transitioning dairy cattle, the addition of yeast has been noted to improve 

ruminal pH when subacute ruminal acidosis (SARA) is often present and reverses the 

decreased DMI and milk yield that is associated (AlZahal et al., 2014a). Some feedlot 

studies have suggested that the addition of yeast to the diet of feedlot steers does not 

improve ADG, DMI or feed conversion ratios, these studies were conducted using yeast 

at CFU levels between 6B and 17B (Beauchemin et al., 2003c; Crossland et al., 2018; 

Ran et al., 2018). Meanwhile, in the present study the addition of yeast dramatically 

decreased DMI. Another study yielded similar results when yeast was offered free 

choice instead of within a TMR and the authors speculated that fat stores were 

mobilized to make up for this decrease in dry matter caloric intake (Blauwiekel et al., 

1995). However, ultrasound results in the present study suggest no difference in body 

composition. It is possible that at such a high dose of yeast, the smell or palatability of 

the feed was changed and caused this decrease in DMI, but at this time the reason 

behind this reduction in DM intake is unknown. 
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One possible explanation for this decrease in dry matter intake is a shift in ruminal 

VFA concentrations. VFAs are an end-product of carbohydrate fermentation in the 

rumen: acetate, propionate and butyrate (Van Houtert, 1993). A review on feed intake 

regulation in cows suggests that with an increased presence of fermentable starch in 

the rumen there is a reduction in meal size and an increase in propionate production 

(Allen et al., 2005). Propionate, once absorbed by the rumen, travels to the liver and is a 

precursor for gluconeogenesis and is considered to be a significant source of energy, 

which signals satiety in the animal (Van Houtert, 1993; Allen et al., 2005). Therefore, if 

proprionate concentrations in the rumen are higher with yeast supplementation, this 

would signal satiety for the animal and reduce dry matter intake. If the animal is 

consuming less feed but still receiving enough energy for maintenance and growth, 

blood parameters would be expected to be similar between groups like seen in this 

present study. In order to assess this as a possible mode of action for the drop in DMI 

and maintenance of ADG, ruminal fluid samples should be collected and analyzed for 

VFA concentrations. 

The DMI over the second experiment period was analyzed by individual steers 

against their individual mean DMI to assess variation for each individual animal. The 

results found that the addition of yeast at a high dose decreases the daily dry matter 

variation for late finishing steers. Variation in DMI has been associated with improved 

gut health and improved feed conversion by multiple researchers (Holtshausen et al., 

2013; Castillo-Lopez et al., 2014; Wood et al., 2016). A relationship between increased 

variation in DMI and digestive disturbances like physical epithelial damage or ruminal 
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pH change in SARA has been noted (Fulton et al., 1979). Others have suggested that 

variation in intake allows time for buffer building capacity that would mitigate induction of 

acidosis due to later binge-eating (Cooper et al., 1999). These authors found that the 

variation in intake of finishing steers did not affect ADG; however, these authors found 

no effect on feed conversion when yeast was added to the diet, unlike the present 

experiment. This difference in results may be due to the variation in intake only by up to 

1.8 Kg d-1 (~14%) in Cooper et al., (1999) whereas the steers in this trial had a 

decrease on average of 3.73 Kg d-1 (31.1%).  

Previous grower phase treatment did not impact the daily dry matter variability of 

these animals in experiment two. As feed intake increases, rate of passage also 

increases (Colucci et al., 1982). Along with rate of passage, digestibility may also be 

improved when intake is reduced (Montgomery et al., 2004; Aikman et al., 2008; Dias et 

al., 2011). It can be speculated that with more consistent meals, there is a more uniform 

rate of passage through the GIT, which may impact digestibility, energy retention, and 

subsequently ADG. Although apparent total tract digestibility was not measured in late 

finishing, improved energy and protein digestibility could be partly responsible for 

increased efficiency feeding yeast in the present study.  

The comparison of feeding behaviour between CON and YST steers showed no 

significant differences in parameters related to time of feeding or amount consumed. 

However, the number of feeding events and visits were significantly lower for YST 

steers in comparison to CON steers. YST steers also had significantly lower eating 

rates than CON steers. This is indicative of where the DMI was reduced, being the 
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number and rate of feeding events, but the reason behind this reduction is unknown. 

When assessing experiment two feeding behaviour parameters for steers based on 

study treatment sequence there are many different trends occurring. Overall visits to the 

feeder and number of feeding events both have statistically significant differences 

between EC and EY. Overall time spent at the feeder per day showed the opposite, 

indicating a significant difference between CC and CY. Time per visit and time per 

feeding event was lowest for EC and highest for EY with CC and CY as intermediates. 

Lastly, eating rate for steers were only statistically significantly different between EC 

and EY, EC and CC. Together these observations suggest that yeast addition 

differences in feeding behaviour may be impacted by previous treatment or by naturally 

habituated feeding behaviours.  

A study by Salim et al., (2014) examined the effect of replacing whole grain corn in 

the diets with dried distillers grains plus solubles (DDGS), a diet similar to that of this 

present study, on feeding behaviour. Time at feeder, visits to feeder and time per visit 

are shorter for this present study overall in comparison to the observations of Salim et 

al., (2014). However, the observed visit size is larger for this present study for the steers 

as a whole regardless of treatment. Work by Haskell et al., (2018) looked at feeding 

behaviour without the 7-minute inter-meal interval recommended by Forbes (1995) that 

has been used in most beef cattle feeding behaviour studies (Montanholi et al., 2010; 

Salim et al., 2014). Haskell et al., (2018) observed similar results for visits to feeder and 

eating rate while like Salim et al., (2014) a much greater time at the feeder per day in 

comparison to the present study. These observations suggest that there is some natural 
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learned feeding behaviour that may be responsible for the differences between previous 

literature and this present study. 

When analyzing ADG over the entire trial, and assessed based on treatment 

sequence group (CC, CY, EC, EY) there were no differences in ADG, DMI or feed 

conversion ratios. This suggests that regardless of previous diet treatment, the use of 

yeast at a high dose (60B CFU) in the final weeks before slaughter was responsible for 

a major improvement in feed conversion which could potentially decrease feed costs for 

producers.  

No significant differences were found between blood parameters for the CON and 

YST steers. This suggests that the animals were of similar nutritional status and the 

addition of yeast to the diet did not cause changes in nutritional or metabolic pathways. 

Given large differences in feed intake metabolic differences may have been expected. 

However, Lesmeister et al., (2004) found no differences in blood parameters either even 

though dry matter intake and average daily gain were significantly improved by feeding 

yeast to neonatal dairy calves. The time of day in which blood samples were collected 

(1300 h) was consistent among all collection days, as feeding time may also impact 

blood metabolites. Three major times of feeding activity in feedlot cattle are sunrise, 

sunset and the middle of the night (Grant and Albright, 2000). Perhaps in future 

research studies, blood samples at multiple timepoints in a day should be collected for 

measurement, in order to assess if the mode of action of this natural feed additive is 

metabolic.  
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The present study did not have any dietary treatment differences in Hp or SAA 

levels in the blood. Conversely, Emmanuel et al., (2007) found that the addition of two 

different types of direct-fed microbials increased blood concentrations of SAA and Hp. 

The past study conducted 2 treatments, one with Enterococcus faceium and one with 

both Enterococcus faceium and Saccharomyces cerevisiae.  Blood metabolites were 

only affected in the second study when both direct-fed microbials were fed (Emmanuel 

et al., 2007). This suggests that either the Saccharomyces cerevisiae alone or the 

combination with Enterococcus faceium caused this change in blood metabolites. To 

test this hypothesis the Saccharomyces cerevisiae would have to be evaluated in an 

experiment alone. Another study found an increase in Hp and decrease in SAA 

concentrations for beef steers feed with 17B CFU/animal/day yeast added over the 

entire finishing period (Ran et al., 2018), suggesting that the addition of yeast has an 

impact on blood metabolite concentrations associated with the acute phase response. 

This is unlike the present experiment which did not observe these changes. A study by 

Emmanuel et al., (2007) used a similar dose of Saccharomyces cerevisiae as the 

present study (60B CFU) and found no differences in APP response therefore the 

difference in response is not due to dose of yeast but potentially due to strain 

differences (AlZahal et al., 2014a). No significant differences were found between blood 

parameters for any of the CC, CY, EC, EY treatment sequence groups. This suggests 

that the animals were in similar nutritional status and the addition of yeast to the diet did 

not cause changes in nutritional or metabolic pathways or differences in markers of 

immune response. This suggests one of two things; either these animals were not under 
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dissimilar immune stress or that the addition of a high dose of yeast did not upregulate 

immune response, when a challenge is not present. 

No differences between the CON and YST groups were found for any of the pH 

electrode data used for indicators of ruminal acidosis (Beauchemin et al., 2003c). 

However, other researchers have found that the addition of a yeast additive to the diet 

increases the minimum pH, mean pH, and decreases the time spent below 5.8 (Vyas et 

al., 2014) This improvement in ruminal pH has been speculated to occur due to the 

lactic acid concentration stabilization that yeast induces via stimulation of lactic acid 

utilizing microbes and competition with lactic acid producing microbes (Vyas et al., 

2014). In contrast, Harrison et al., (1988) found that pH further decreased for diets 

containing yeast. The inconsistencies between studies can be attributed to the range in 

yeast types and Saccharomyces cerevisiae strains, whether or not they are under 

ruminal acidosis stress (pH below 5.8), and the basal diet. It is also possible that the 

dose of yeast added to the present diet in comparison to the lower amounts added by 

others, began to interfere with the rumen microbe populations. The same outcomes 

were found for the pH electrode data when analyzing data based on treatment 

sequence group (CC, CY, EC EY). The variability in pH over the collection period would 

be beneficial to analyze and assess if yeast impacts the stability of the pH, although the 

severity in ruminal acidosis remained the same between treatment groups. 

4.5.2 Slaughter and gut health 

The objectives of slaughter data collection were to assess the effects of adding a 

fibrolytic enzyme during the grower and early finisher phases, a yeast additive during 
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the late finisher phase or a combination of both grower and finisher phase treatments on 

carcass characteristics, rumen health, rumen papillae histology and immune response. 

When assessing the carcass and final slaughter characteristics of the steers, there were 

no significant differences found for any of the parameters by final treatment assignment 

(CON, YST) or entire trial treatment sequence group (CC, CY, EC, EY). A study 

conducted with the use of yeast as an additive in replacement of antibiotics found 

similar results for carcass characteristics (Ran et al., 2018). The lack of carcass 

characteristic response can be expected due to the lack of growth performance 

changes observed during the study. In the past (Beauchemin et al., 1997; He et al., 

2014), use of fibrolytic enzymes in feedlot cattle also did not affect carcass 

characteristics. 

Rumen papillae histology did not differ between final treatment assignment (CON, 

YST) or treatment sequence group (CC, CY, EC, EY) for thickness of epithelial layers or 

slough scoring. Studies that analyzed rumen papillae measurements with the induction 

of subacute ruminal acidosis found that when an animal is under SARA the papillae 

decrease in width (Pederzolli et al., 2018) and epithelial thickness (Steele et al., 2011). 

These studies were conducted by inducing ruminal acidosis, whereas the present study 

did not. This can be due to acid-damage of the epithelium itself that can lead to 

increased gut permeability and development of liver abscesses (Steele et al., 2011; 

Zhang et al., 2013; Pederzolli et al., 2018). In the present study, there were no 

differences observed in ruminal tissue for strata layer thicknesses or sloughing of the 
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corneum. This may be due to the fact there were also no differences between treatment 

groups for ruminal pH parameters.  

4.6 Conclusion 

The results from this present study suggest that the addition of a yeast additive to 

the diet significantly improved feed conversion ratios, driven by reduction in DMI. 

Observations suggests that yeast addition does impact feeding behaviour, however, 

some naturally learned behaviours may also be contributing to the outcome. The 

decrease in dry matter is visible in the feeding behaviour results and the minimization of 

variation in yeast steer DMI. However, the mechanism for this decrease is still unknown. 

Ruminal pH is not impacted by the addition of a high dose of yeast added to the diet. 

Future research should examine the differences between animals with the additional 

high yeast dose added to the diet throughout the entirety of growing and finishing 

phases on animal health and performance long-term. Gut health and carcass 

characteristics at slaughter suggest that the use of either a high dose of yeast or a 

fibrolytic enzyme does not differ in carcass characteristics of steers at the time of 

slaughter. Physical ruminal health including papillae epithelial layer thicknesses and 

sloughing as well as rumen health scoring are unaffected by the addition of yeast.  

Therefore, the hypothesis for experiment 2 is rejected, although animal performance 

traits did improve for steers supplied yeast to the diet, there is no evidence of improved 

immune response, gut health or rumen function.    
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Table 12: Ingredient and chemical composition of late finisher rations with and without yeast 
addition during experiment two, fed once a day at 0800h from day 165-slaughter 

 Late Finisher Rationsz 

Ingredient Composition (% DM) CON YST 

High-moisture corn 60 60 

Alfalfa Haylage 17 17 

Finisher Vitamin/Mineral Premix 23 23 

 

Chemical Composition 

DM, % 70.55 70.60 

CP, % DM 14.46 15.33 

ADF, % DM 7.66 7.67 

NDF, % DM 15.04 15.27 

Neg, Mcal/kg 1.40 1.40 
zFloradale Feed Mill Premix for CON steers premix contained per Kg: 87.5% dried 

distiller’s grains plus solubles, 6.1% limestone, 4.1% urea, 0.8% fine salt, 0.5% 

monocalcium phosphate, 0.3% selenium, 0.3% k-potassium chloride, 0.2% 

Floradale Feed Mill ruminant micro premix (not containing ionophores), 0.1% 

magnesium oxide, 0.1% sulphur. For YST steers the premix contained per Kg: 

87.3% dried distillers grain plus solubles, 6.1% limestone calcium carbonate, 4.1% 

urea, 0.8% fine salt, 0.5% monocalcium phosphate, 0.3% k-potassium chloride, 

0.3% selenium, 0.2% yeast supplement, 0.2% Floradle Feed Mill ruminant micro 

premix (not containing ionophores), 0.1% magnesium oxide, 0.1% sulphur. 
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Table 13: Effects of yeast addition on experiment two performance from day 165-slaughter of 
study 

 Dietary Treatmentz 
  

Item CON 

(n=27) 

YST 

(n=24) 

SEM P-value 

ADG, Kg d-1 1.61 1.71 0.109 0.50 

DMI, Kg d-1 11.97 8.24 0.507 < 0.001 

DMI SDy 1.65 1.25 0.138 0.04 

F:G 7.92 5.21 0.503 < 0.001 

G:F 0.14 0.22 0.015 < 0.001 

     

Ultrasound Measurement     

Pre-slaughter Rump fat, mm 11.4 12.0 0.64 0.54 

Pre-slaughter Rib fat, mm 10.8 11.2 0.56 0.60 

Pre-slaughter Rib eye area, cm2 98.1 94.6 1.55 0.10 
zCON steers received a TMR diet without added yeast while YST steers received a 

TMR with added yeast for a rate of 3g/hd/d. 
yIndividual animal standard deviation 
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Table 14:  Effects of treatment sequence group on experiment two performance from day 165-
slaughter 

 Treatment Sequencez   
  

Item 

CC 

(n=14) 

CY 

(n=11) 

EC 

(n=13) 

EY 

(n=13) SEM P-value 

ADG, Kg d-1 1.56 1.56 1.66 1.84 0.161 0.51 

DMI, Kg d-1 11.99a 8.11b 11.95a 8.34b 0.765 <0.001 

DMI SDy 1.77 1.08 1.52 1.40 0.204 0.10 

F:G 8.16a 5.44b 7.65a 5.01b 0.755 0.004 

G:F 0.14a 0.22b 0.14a 0.23b 0.022 0.003 

       

Ultrasound Measurement       

Pre-slaughter Rump fat, mm 11.6 10.85 11.3 13.0 0.95 0.39 

Pre-slaughter Rib fat, mm 10.8 11.4 10.8 11.0 0.84 0.94 

Pre-slaughter Rib eye area, 

cm2 

99.9 97.0 96.2 92.6 2.26 0.10 

zCC steers received the CON diets in experiment one and two, CY steers received 

the CON diet in experiment one and the YST diet in experiment 2, EC steers 

received the ENZ diet in experiment one and the YST diet in experiment two and the 

EY steers received the ENZ diets in experiment 1 and the YST diet in experiment 

two. 
yIndividual animal standard deviation 
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Table 15: Effects of experiment two treatment assignment on entire study performance from day 
1-slaughter 

 Dietary Treatmentz 
  

Item CON (n=27) YST (n=27) SEM P-value 

ADG, Kg d-1 1.60 1.62 0.038 0.61 

DMI, Kg d-1 9.39 8.27 0.355 0.02 

F:G 5.94 5.09 0.254 0.02 

G:F 0.18 0.21 0.009 0.01 
zCON steers received a TMR diet without added yeast while YST steers received a 

TMR with added yeast for a rate of 3g/hd/d. 
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Table 16: Effects of treatment sequence group on entire study performance from day 1-slaughter 

 Treatment Sequencez   
  

Item 

CC  

(n=14) 

CY  

(n=11) 

EC  

(n=13) 

EY  

(n=13) SEM P-value 

ADG, Kg d-1 1.64 1.62 1.56 1.65 0.059 0.65 

DMI, Kg d-1 9.53 8.46 9.13 8.10 0.534 0.17 

F:G 5.87 5.20 6.01 5.00 0.382 0.14 

G:F 0.18 0.20 0.16 0.22 0.014 0.11 
zCC steers received the CON diets in experiment one and two, CY steers received 

the CON diet in experiment one and the YST diet in experiment 2, EC steers 

received the ENZ diet in experiment one and the YST diet in experiment two and the 

EY steers received the ENZ diets in experiment 1 and the YST diet in experiment 

two. 
  



 

 

84 

 

Table 17: Feeding behaviour during experiment two based on treatment assignment from day 165-
slaughterz 

 Dietary Treatmenty 
  

Item 

CON  

(n=27) 

YST  

(n=24) SEM P-value 

Time at feeder, min/d 73.2 61.0 6.62 0.19 

Visits to feeder, visits/day 37.4 27.3 2.05 <0.001 

Time per visit, min/visit 2.2 2.5 0.26 0.43 

Visit size, g DM/visit 330 304 21.6 0.37 

Number of feeding events, events/d 33.6 24.5 1.86 <0.001 

Time per feeding event, min/event 2.0 2.3 0.24 0.37 

Feeding event sizex, g DM/event 380 349 21.8 0.30 

Eating rate, g DM/min 230 177 17.7 0.04 
zMeans were calculated for each animal across weekly feeding behaviour data  

yCON steers received a TMR diet without added yeast while YST steers received a 

TMR with added yeast for a rate of 3g/hd/d. 
xFeeding event is defined as any bunk visit where more than 0 Kg of feed is 

consumed 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

85 

 

 
 
 
 
 
 
Table 18: Feeding behaviour during experiment two considering previous treatment from day 165-
slaughterz 

 Treatment Sequencey  
  

Item 

CC 

(n=14) 

CY 

(n=11) 

EC 

(n=13) 

EY 

(n=13) SEM P-value 

Time at feeder, min/d 87.1a 44.0b 58.2ab 75.3ab 8.80 0.003 

Visits to feeder, visits/d 34.9ab 27.8ab 40.0a 26.8b 3.04 0.005 

Time per visit, min/visit 2.8ab 1.7bc 1.6c 3.1a 0.33 0.001 

Visit size, g DM/visit 364 294 293 312 31.4 0.26 

Number of feeding event, 

events/d 

31.7ab 25.8ab 35.7a 23.4b 2.75 0.006 

Time per feeding event, 

min/event 

2.5ab 1.6bc 1.5c 2.9a 0.31 0.001 

Feeding event sizex,  

g DM/event 

405 329 354 367 32.1 0.35 

Eating rate, g DM/min 181b 214ab 283a 146b 22.9 <0.001 
zMeans were calculated for each animal across weekly feeding behaviour data  

yCC steers received the CON diets in experiment one and two, CY steers received 

the CON diet in experiment one and the YST diet in experiment 2, EC steers 

received the ENZ diet in experiment one and the YST diet in experiment two and the 

EY steers received the ENZ diets in experiment 1 and the YST diet in experiment 

two. 

xFeeding event is defined as any bunk visit where more than 0 Kg of feed is 

consumed 
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Table 19: Effects of yeast on blood metabolite and acute phase protein concentrations in 
experiment two 3-5 days pre-slaughter 

 Dietary Treatmentz 
  

Item CON (n=27) YST (n=24) SEM P-value 

BHBA, µmol L-1 344 341 20.8 0.90 

Cholesterol, mmol L-1 3.03 3.35 0.226 0.31 

Glucose, mmol L-1 4.24 4.26 0.088 0.89 

NEFA, mmol L-1 0.147 0.129 0.025 0.60 

Total Protein, g L-1 70.4 68.9 0.73 0.13 

Albumin, g L-1 36.96 36.58 0.423 0.52 

Globulin, g L-1 33.44 32.29 0.886 0.35 

A:G ratio 1.13 1.15 0.034 0.71 

Urea, mmol L-1 3.84 3.85 0.279 0.99 

Haptoglobin, g L-1 0.198 0.188 0.063 0.91 

Serum Amyloid A, µg mL-1y 30.60 31.40 5.754 0.92 
zCON steers received a TMR diet without added yeast while YST steers received a 

TMR with added yeast for a rate of 3g/hd/d. 
ySAA results are n=50. 
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Table 20: Treatment sequence group effects on blood metabolite concentrations from steers 3-5 
days before slaughter 

 Treatment Sequencez 
  

Item 

CC 

(n=14) 

CY 

(n=11) 

EC 

(n=13) 

EY 

(n=13) SEM P-value 

BHBA, umol L-1 327 330 363 350 31.0 0.79 

Cholesterol, mmol L-1 2.79 3.40 3.29 3.31 0.336 0.50 

Glucose, mmol L-1 4.34 4.15 4.13 4.35 0.129 0.39 

Haptoglobin, g L-1 0.256 0.226 0.135 0.155 0.094 0.72 

NEFA, mmol L-1 0.111 0.153 0.185 0.108 0.036 0.32 

Total Protein, g L-1 70.0 68.9 70.8 68.8 1.10 0.48 

Albumin, g L-1 36.71 36.55 37.23 36.62 0.636 0.84 

Globulin, g L-1 33.36 32.36 33.54 32.23 1.336 0.83 

A:G ratio 1.12 1.15 1.14 1.15 0.051 0.96 

Urea, mmol L-1 3.82 3.80 3.87 3.89 0.42 0.99 

Serum Amyloid A, ug 

mL-1y 

25.18 43.08 36.43 22.41 8.507 0.22 

zCC steers received the CON diets in experiment one and two, CY steers received 

the CON diet in experiment one and the YST diet in experiment 2, EC steers 

received the ENZ diet in experiment one and the YST diet in experiment two and the 

EY steers received the ENZ diets in experiment 1 and the YST diet in experiment 

two. 

ySAA results are n=50. 
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Table 21: The effect of yeast on reticulo-ruminal pH during the late finisher phase data period from 
day 172-192 

 Dietary Treatmentz 
  

Item CON (n=11) YST (n=9) SEM P-value 

Minimum pH 4.96 5.08 0.049 0.08 

Mean pH 6.16 6.29 0.065 0.13 

Maximum pH 7.37 7.42 0.038 0.39 

Mild RAy 

     Duration, h d-1 3.45 2.49 0.467 0.15 

     Area, pH*min 623 433 98.0 0.17 

Severe RA  

     Duration, h d-1 2.32 1.44 0.647 0.33 

     Area, pH*min 398 234 126.6 0.35 

Acute RA  

     Duration, h d-1 0.84 0.24 0.351 0.22 

     Area, pH*min 129 23 53.3 0.16 

Total RA 

     Duration, h d-1 6.61 4.18 1.310 0.19 

     Area, pH*min 1150 691 250.0 0.19 

RA = rumen acidosis. 
zCON steers received a TMR diet without added yeast while YST steers received a 

TMR with added yeast for a rate of 3g/hd/d. 
yMild RA defined as rumen pH values between 5.6 and 5.8; Severe RA defined as 

rumen pH values between 5.2 and 5.6; Acute RA defined as rumen pH values < 5.2. 
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Table 22: Treatment sequence group effects on reticulo-ruminal pH during the late finisher phase 
data period from day 172-192 

 Treatment Sequencez 
  

 CC (n=5) CY (n=4) EC (n=6) EY (n=5) SEM P-value 

Minimum pH 5.02 5.02 4.91 5.13 0.714 0.15 

Mean pH 6.13 6.25 6.18 6.33 0.102 0.44 

Maximum pH 7.43 7.40 7.41 7.43 0.588 0.55 

Mild RAy 

     Duration, h d-1 3.27 2.91 3.60 2.16 0.727 0.44 

     Area, pH*min 603 529 640 356 152.3 0.47 

Severe RA  

     Duration, h d-1 2.61 2.14 2.08 0.88 0.996 0.58 

     Area, pH*min 481 365 328 130 194.0 0.56 

Acute RA 

     Duration, h d-1 1.11 0.44 0.62 0.09 0.546 0.54 

     Area, pH*min 149 44 112 7 84.1 0.55 

Total RA 

     Duration, h d-1 6.99 5.49 6.29 3.13 2.031 0.48 

     Area, pH*min 1232 938 1080 492 387.6 0.48 

RA = rumen acidosis. 
zCC steers received the CON diets in experiment one and two, CY steers received 

the CON diet in experiment one and the YST diet in experiment 2, EC steers 

received the ENZ diet in experiment one and the YST diet in experiment two and the 

EY steers received the ENZ diets in experiment 1 and the YST diet in experiment 

two. 

yMild RA defined as rumen pH values between 5.6 and 5.8; Severe RA defined as 

rumen pH values between 5.2 and 5.6; Acute RA defined as rumen pH values < 5.2. 
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Table 23: Liver abscess score chartz 

Liver Score Definition 

Normal - No abscesses 

Moderate - 1-4 small active abscesses or abscess scars 

Severe - Any amount of large (bigger than 4cm diameter) active abscesses or 

more than four small (2-4cm diameter) active abscesses 
zAdapted from: Reindhart and Hubbert 2015 
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Table 24: Rumen health score chartz 

Score Description 

1 - No pink inflammation of papillae 

- No discoloration or lightening of papillae 

- No active lesions or abnormalities 

2 - Minor (1 spot or <10% of surface area) pink inflammation of papillae 

- Minor (1 spot or <10% of surface area) discoloration or lightening of 

papillae 

- No active lesions or abnormalities 

3 - Multiple areas of (2+ spots or 10%-50% of surface area) pink inflammation 

of papillae 

- Multiple areas of (2+ spots or 10%-50% of surface area) discoloration or 

lightening of papillae 

- 1 active lesion or abnormality if no other inflammation or discoloration 

present 

4 - Major (2+ spots or 50%-100% of surface area) pink inflammation of 

papillae 

- Major (2+ spots or 50%-100% of surface area) discoloration or lightening of 

papillae 

- Active lesion or abnormality if minor (1 spot or <10% of surface area) 

inflammation or discoloration present 

5 - Major (2+ spots or 50%-100% of surface area) pink inflammation of 

papillae 

- Major (2+ spots or 50%-100% of surface area) discoloration or lightening of 

papillae 

- Active lesions or abnormalities 
zAdapted from: Rezac et al., 2014 
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Table 25: Effect of yeast supplementation on carcass characteristics, liver and kidney weight 

 
Experiment two Dietary 

Treatmentz 

  

Item CON (n=27) YST (n=24) SEM P-value 

Body weight, Kg 575 581 7.7 0.51 

Livery     

     Weight, g 7141 6995 211.9 0.62 

     Weight:BW, % 12.4 12.0 0.29 0.32 

     Weight:HCWx, % 21.4 20.8 0.55 0.38 

Kidney     

     Weight, g 1128 1080 29.3 0.24 

     Weight:BW, % 1.97 1.86 0.05 0.15 

     Weight:HCW, % 3.41 3.22 0.10 0.21 

HCW, Kg 333 337 4.9 0.53 

Grade fat, mm 12.6 12.9 0.79 0.82 

Rib eye area, cm2 85.5 85.0 2.45 0.89 
zCON steers received a TMR diet without added yeast while YST steers received a 

TMR with added yeast for a rate of 3g/hd/d. 
yLiver and kidney weight comparisons with body and hot carcass weights were 

calculate as a percentage 
xHCW= hot carcass weight 
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Table 26: Effect of yeast supplementation on rumen papillae epithelial layer thickness and 
sloughing 

 
Experiment two Dietary 

Treatmentz 

  

Item CON (n=27) YST (n=24) SEM P-value 

Papillae epithelial strata measurements (µm) 

Stratum corneum 6.03 6.44 0.339 0.39 

Stratum granulosum 29.61 29.53 1.384 0.97 

Stratum spinosum 32.28 30.72 3.587 0.75 

Stratum basale 22.30 21.56 0.784 0.49 

Total epithelial thickness 90.22 88.24 3.589 0.69 

Sloughingy 1.39 1.29 0.112 0.49 
zCON steers received a TMR diet without added yeast while YST steers received a 

TMR with added yeast for a rate of 3g/hd/d. 
ySlough scoring (1-5): 1- no sloughing, 3- minor sloughing of the corneum, 5- severe 

sloughing. 
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Table 27: Effect of study treatment sequence group on slaughter carcass characteristics 

 Treatment Sequencez 
  

Item 

CC 

(n=14) 

CY 

(n=11) 

EC 

(n=13) 

EY 

(n=13) SEM P-value 

Body weight, Kg 589 575 559 587 11.0 0.16 

Livery       

     Weight, g 7108 6738 7177 7213 315.4 0.68 

     Weight:BW, % 12.0 11.7 12.8 12.3 0.42 0.27 

     Weight:HCWx, % 20.9 20.2 22.0 21.2 0.81 0.43 

Kidney       

     Weight, g 1111 1063 1147 1094 44.0 0.56 

     Weight:BW, % 1.89 1.86 2.06 1.87 0.08 0.18 

     Weight:HCW, % 3.58 3.21 3.54 3.24 0.16 0.34 

HCW, Kg 340 334 325 340 7.2 0.34 

Grade fat, mm 12.5 13.5 12.8 12.4 1.18 0.91 

Rib eye area, cm2 86.4 85.3 84.5 84.7 3.69 0.98 
zCC steers received the CON diets in experiment one and two, CY steers received 

the CON diet in experiment one and the YST diet in experiment 2, EC steers 

received the ENZ diet in experiment one and the YST diet in experiment two and the 

EY steers received the ENZ diets in experiment 1 and the YST diet in experiment 

two. 
yLiver and kidney weight comparisons with body and hot carcass weights were 

calculate as a percentage 
xHCW= hot carcass weight 
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Table 28: Effect of study treatment sequence group on rumen papillae epithelial layer thickness 
and sloughing 

 Treatment Sequencez 
  

Item 

CC 

(n=14) 

CY 

(n=11) 

EC 

(n=13) 

EY 

(n=13) SEM P-value 

Papillae epithelial strata measurements (µm) 

Stratum corneum 6.26 6.39 5.79 6.48 0.467 0.73 

Stratum granulosum 29.54 32.70 29.68 26.84 1.990 0.21 

Stratum spinosum 29.29 30.05 35.50 31.29 5.361 0.81 

Stratum basale 21.97 20.99 22.66 22.05 1.174 0.77 

Total epithelial thickness 87.06 90.12 93.64 86.65 5.348 0.73 

Sloughingy 1.35 1.35 1.44 1.24 0.168 0.84 
zCC steers received the CON diets in experiment one and two, CY steers received 

the CON diet in experiment one and the YST diet in experiment 2, EC steers 

received the ENZ diet in experiment one and the YST diet in experiment two and the 

EY steers received the ENZ diets in experiment 1 and the YST diet in experiment 

two. 

ySlough scoring (1-5): 1- no sloughing, 3- minor sloughing of the corneum, 5- severe 

sloughing. 
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Figure 1: Rumen dissection technique and papillae sampling location, red dotted line is place of 
incision for dissection  
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Figure 2: Rumen papillae epithelial layers. Image taken at 40X magnification, black line represents 
25 µm 

 

25 µm  
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Figure 3: Histological images of slough scoring. Score 1, 3 and 5 from left to right. These 
microscope images were taken at 10X magnification, black scale line represents 100 µm  

100 µm  
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Figure 4: Rumen health scores 1, 3 and 5 (left to right) adapted from Rezac et al., 2014  

Score 1   Score 3      Score 5 
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5 Overall conclusions 

Overall, this study demonstrated different aspects of the effectiveness of these two 

natural feed additives in the beef feedlot production industry. Changing preferences of 

consumers favor the use of natural products in animal production industries and 

therefore research in this area of livestock production is necessary. In experiment one, 

the use of a fibrolytic enzyme was proven to be ineffective for improving overall animal 

health and performance when added to a diet with high-quality forage. However, 

improvements in DM, CP and energy apparent total tract digestibility values suggest 

there is still some action occurring in the GIT by use of fibrolytic enzymes. In experiment 

two, the use of a high dose of 60B CFU Saccharomyces cerevisiae did not improve 

rumen pH or health; however, adding yeast to the finishing diet significantly decreased 

DMI and improved feed efficiency, while maintaining similar average daily gains as 

cattle fed the control diet. Adding yeast to the finishing diet did not affect carcass 

characteristics such as HCW, muscling or marbling therefore profit margins would not 

be increased.  While this may be a disincentive to the producer for adding yeast to cattle 

diets, the producer will benefit from lower costs of production if adding yeast to the diet 

consistently results in a dramatic decrease in feed intakes and improved feed efficiency 

without affecting cattle gains. The use of a fibrolytic enzyme in the grower and early 

finisher phases, the followed use of a yeast at a high dose in the late finisher phase or 

the combination of these did not change carcass quality or other outcomes in 

comparison to control groups. However, whether or not the animal was in the CON or 
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ENZ group in experiment one impacted the outcome of some feeding behaviours for 

animals in the CON or YST groups during experiment two.   

5.1 Implications 

The ability to improve feed efficiency while maintaining gains has excellent 

potential to reduce feed costs to producers without loss in productivity. As well, the 

reduction of feed intake while maintaining these gains may also reduce fecal outputs 

and gas emissions which is an advantageous concept to beef producers that should be 

highlighted when promoting such products. Increased digestibility also has the potential 

to reduce fecal output, although in this study the performance was unaffected. However, 

there were limited benefits to use a fibrolytic enzyme additive when feeding a high-

quality forage such as corn silage. This study found several benefits for the use of yeast 

at a high dose as a natural feed additive in the beef production.  

5.2 Future research 

After reviewing the results of the present study, it would be important to run either 

an in vitro or in vivo experiment to critically assess the effectiveness of this fibrolytic 

enzyme on digestibility of differing forage types. Ideally, it is essential to find optimal 

forage inclusion rates in feedlot diets with this enzyme additive for higher producer 

profitability, increased use of low-quality forage sources, improved feed conversion and 

animal performance. If further explored for optimal use, the fibrolytic enzyme additive 

has the potential to further improve digestibility of the diet for growing steers and 
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subsequently improve energy retention and animal performance through increased 

ADG and better feed conversion.  

As for the use of yeast in beef cattle diets, the next step for the assessment of high 

doses for beef cattle rations would be to measure digestibility of the diets to confirm if 

decreased net energy intake is accounted for in improved nutrient uptake and 

sustaining performance. Overall, for both product types, it would be beneficial to run a 

study on each from the grower phase until slaughter to examine if extended use of 

either of these additives results in improved carcass quality or feed efficiency long term. 

Lastly, economic analyzes would be extremely beneficial to conduct in order to convince 

producers to consider using these products more regularly in beef production. 
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