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I. LITERATURE REVIEW 

Introduction 

  The United States of America is home of the large cattle industry in the world, 

responsible for the generation of $66 billion in 2020 (ERS-USDA, 2020). Despite of having less 

than half of the global heard, U.S. produces 20% more beef meat than Brazil the second largest 

meat producer (ERS-USDA, 2020). Greater productivity is explained by the fed-cattle operations 

where animals are offered high-grain diets, which will lead animals to achieve their productive 

potential. Therefore it can also lead to digestion challenges such ruminal acidosis potentially 

depressing performance in the feedlot (Owens et al., 1998). Castillo-Lopez et al. (2014), assessed 

the mean ruminal pH, incidence and prevalence of ruminal acidosis and reported that ruminal 

acidosis is more frequent and intense towards the last days on feed. 

 High availability of starch in such diets that is rapidly fermented in the rumen will induce 

the production of large amounts of volatile fatty acids this may result in a drop in the ruminal pH, 

increase osmolarity, and contribute to greater lactate production by some ruminal microorganisms 

such as Streptococcus bovis. This scenario will start when pH reaches 5.6 and will continue as it 

drops. Among the consequences of ruminal acidosis are decreased fiber digestion, excessive 

osmolarity, damage to ruminal wall, and impaired growth performance and health. Managing the 

causes of acidosis to avoid its deleterious effects while achieving animal’s genetic potential are 

essential to a profitable feedlot operation.  

 Fraser et al. (1975) defined stress as animal response to an internal or external stimulus, 

according to Grandin (1997) stressors like transportation, human contact and handling are 

common during the life of feedlot cattle. Depending upon the temperament of each animal (Zavy 

et al., 1992), stress can put into motion body immune response in which animals transform 

skeletal muscle protein to strengthen immunity (Gruys et al., 2005). When handled, cattle sweat 
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and can potentially loose electrolytes altering electrolyte balance, which are important for body 

functioning (Schaefer et al., 1997). 

 Therefore, literature findings shed some light on nutritional strategies that can potentially 

be used to overcome nutritional challenges and stress in feedlot operations. Live yeast 

Saccharomyces cerevisiae can scavenge oxygen, stimulate lactate utilizing microorganisms (i.e. 

Megaesphera elsdenii, Selenomonas ruminantium) and outcompete lactate producers such 

Streptococcus bovis therefore increasing pH, enhancing ruminal environment and increasing fiber 

digestion (Martin and Nisbet, 1992; Desnoyers et al., 2009). Vitamin C is an important 

antioxidant and help body cells to protect against damage from free radicals, being important to 

the immune response of the body (Wolf, 1993). During the cattle fattening phase this vitamin 

requirement is enhanced (Matsui, 2012), and supplementation was correlated to higher marbling 

in Japanese fattening cattle (Hirooka, 2009). Within grain fed cattle, vitamin B1 can be more 

intensively degraded in the rumen due to thiaminases and sulfide impairing an adequate microbial 

growth (Karapinar et al., 2010). Results demonstrated that vit. B1 reduced damage on ruminal 

epithelium when animals are fed high grain diets (Zhang et al., 2020), while also increased 

ruminal pH of dairy cows under sub-acute ruminal acidosis (Xue et al., 2020). Lastly, electrolytes 

supplementation pre and post stressing events decreased shrink of steers (Schaefer et al., 1997) 

and are important to maintain electrolyte balance. 

 Research has already been done in the individual supplementation effects of 

Saccharomyces cerevisiae, vitamin C, vitamin B1, electrolytes, and also the combined effects of 

chromium enriched live yeast (Valdés-García et al., 2011) and B-vitamins pack (Cole et al., 1982) 

in feedlot animals. However, literature on a nutritional packet containing such strategic 

technologies supplemented on feedlot finishing phase is lacking. Current literature review aims to 

identify potential effects of a nutrition packet on feedlot steers fed high grain diets.  
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Yeasts 

History 

 

Originated millions of years ago, yeast is a eukariotic simgle-celled microorganism, 

member of the fungus kingdom. At least 1,500 species of yeasts are recognized by science 

(Kurtzman and Fell, 2006; Piškur and Compagno, 2014; Hoffman et al., 2015). Taking into 

account the total number of fungus, yeasts are estimated to represent 1% (Kurtzman and Piškur, 

2005). Although almost 99 thousand species were described in 2011, the estimative for the total 

number of yeasts ranges from 1.5 to 5.1 million (Raja et al., 2017).  

Back in the Neolithic period one of the oldest human technologies was created. During 

that period humans used grapes to induce spontaneous fermentation. The phenomena remained 

unclear until being first described by Antonie Lavoisier in 1789 who found out that carbohydrates 

were being transformed into different products such as carbonic acid and alcohol during wine 

fermentation. Only almost 50 years later, in 1836, Charles Cagniard-Latour, Friedrich Kützing, 

and Theodor Schwann credited the process to an organism which they originally called “the sugar 

fungus”. 

After these first pioneer discoveries science started to deepen the knowledge about 

fungus. Within late 1850´s Loius Pasteur initiated studies in which the differences between 

anaerobic and aerobic conversion of sugar and the role of yeast in the alcoholic fermentation. 

According to Barnett, (2003) a revolution in brewing industry was possible after the isolation of 

the pure yeast for the first time allowing malt-based fermentation to occur more efficiently. 

Metabolic pathways studies in live yeast were pioneer in the discovery of universal pathways 

such as glycolysis, allowing the understanding of those using yeast as a model. Especially after 

Saccharomyces cerevisiae being the first eukaryote to have the genome sequenced through the 

Genome Project in 2004 (Williams, 1996). Since yeasts are simple eukaryotic cells, they can 
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serve as a model to study more complex eukaryotic cells such as human cells. Along with it, the 

easy manipulation and culture of live yeast resulted in extensive research, and by 2013, 20% of 

pharmaceuticals were produced using the yeast Saccharomyces cerevisiae, among them is insulin 

and particles used to produce vaccines (Nielsen, 2013).  

The first research report published about yeast within cattle industry date from 1925, 

where supplementation of live yeast was to lactating cows (Eckles and Williams, 1925). Brewer’s 

yeast was offered to ruminants as sole source of protein and as protein supplement added to the 

diet, where authors concluded that it represented a high-grade protein and vitamin source (Carter 

and Philips, 1944). The same authors stated that brewer’s yeast can be produced at low cost at a 

fast rate. The inclusion of 50 g animal-daily of an active dried yeast for lactating cows increased 

the milk production in 1.1 kg/d (Reinz, 1954), while in the beef cattle side research performed in 

the same decade showed that the same technology could increase average daily gain of beef steers 

by 6% (Beeson and Perry, 1952). In a study with small ruminants, feeding live yeast increased 

cellulose ruminal digestion suggesting that live yeast would benefit rumen microorganisms (Ruf 

et al., 1953).  

According to Homolka (2021) there is a growing awareness of the positive effects of live 

yeast in livestock health, growth performance, productivity and efficiency that started 100 years 

ago. This fact, associated with the interest for alternatives to antimicrobials (Yoon and Stern, 

1995), in order to avoid microbial antibiotic resistance and to guarantee healthier products has led 

the livestock industry to develop an array of new products. Among them are plant extracts, 

enzymes, and microorganisms, such as S. cerevisiae.  

In the 1990´s, live yeast mode of action within the rumen and animal digestive tract in 

general, became the focus. Determining the relation of such yeasts on other microorganisms, 

rumen microorganisms for example, is of paramout interest to understand its effects (Yoon and 

Stern, 1995).  
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Classification 

 

According to Yoon and Stern (1995) different authors uniquely referred to 

microorganisms, in which the word “probiotic” has been first used by Parker (1974) and was 

described by Fuller (1989) as “…a live microbial feed supplement which benefiacially affects the 

host animal by improving the intestinal microbial balance…”. Although the term was appropriate 

to define live yeast, it was used for other products as well, creating a counfounding science talk. 

Only in 1989 Food and Drug Aministration (FDA) required manufacturers to use the term 

“direct-fed microbial” (DFM) in addition to “probiotic” the definition for the new term was 

“source of live (viable) naturally-ocurring microoganisms”.  

Another recurrent therm used is yeast culture is: “a dry product composed of yeast and 

the media on which it was grown, dried in such a manner as to preserve the fermenting capacity 

of the yeast. The media must be stated on the label” (AAFCO, 1991). Although, within livestock 

the most appropriate term (DFM) which include bacteria, yeasts, and molds. The FDA (Food and 

Drug Administration) regulates the use of more than 42 microorganisms approved by the internal 

standard “generally recognized as safe” (GRAS). In order to compare DFM the unit of colony 

forming units (CFU) is adopted. It represent a the number of visible colonies present in a culture 

media specific to the microoganism being evaluated.  

 The DFM´s purpose of use require the microorganism the ability to get along with 

challenging conditions. In order to acess the survivability and adaptability of DFMs, tests are 

performed, assuring the quality (Homolka, 2021) and are most oftenly expressed as × 10x C.F.U. 

To facilitate readers comprehension, when refering to live yeast a classification of dose (low: > 3 

× 1010; medium: ≥ 3 × 1010 and < 6 × 1010; high: ≥ 6 × 1010) is noted when known. Such 

classification was done according to the average numbers of CFU/aimal-daily used by research 

papers referred in currend literature. Saccharomyces cerevisiae yeast culure (dead yeast) will be 

refered only as yeast culture, and dose noted in g/animal-daily when known. 
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Modes of action 

  

Saccharomyces cerevisiae mode of action in ruminants has been investigated in livestock 

over the past years, primarly in studies using dairy cattle. In vitro, in situ, and in vivo assessments 

allowed scientists to clarify some central modes of action of S. cerevisiae. Although good 

progress has been done, a complete understanding of its role on bovine rumen have not been 

completely elucidaded (Crossland, 2018).  

Saccharomyces can alter the dynamics of other microorganisms by: providing growth 

factors (Callaway and Martin, 1997), consuming sugars, scavenging oxygen, and producing 

alcohol (Newbold et al., 1996). These shifts in ruminal enviroment can cause changes in the 

population of fiber-digesting, lactate-producer and lactate-consumer microorganisms, which can 

potentially decrease lactate production, increase lactate consumption, stabilize rumen pH and 

increase fiber digestion (McAllister et al., 2011).The effects will be elucitated in the next pages of 

current literature review.  

According to Homolka, (2021) researchers investigating yeast supplementation in cattle 

between 1990’s and the 2000’s agreed that the positive effect on ruminal bacteria count is the 

most important effect of this feed additive leading to an increased fiber digestion. What can be 

explained by the presence of nutritional factors (Newbold et al., 1995; Callaway and Martin, 

1997), oxygen scavenging capacity and sugar consumption. Although, Newbold et al. (1998) 

reported a decrease in the ciliate protozoa population by yeast addition in a rumen simulator 

fermenter suggesting that this would negatively impact degradation performed by bacteria. This 

increment in bacterial count by yeast supplementation can also reflect on ruminal N flow, due to 

an increased microbial mass, Olson et al. (1994) measured N content on the rumen and duodenal 

content of ruminally and duodenally cannulated steers grazing mixed-grass praire, and an 

observed greater N flow when animals were offered live yeast (28 g/steer-daily; dose in CFU not 
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known). Although Lehloenya et al. (2008) observed no effect in N flow compared to control diet 

(sorghum silage-based) in cannulated steers consuming same diet and offered yeast culture. 

Vyas et al. (2014) feeding a control diet and diets with live or overkilled yeast (yeast 

culture) reported positive effects, regardless of yeast viability, on rumen pH stabilization, and 

starch digestibility while no differences were observed for ruminal lactate concentration and 

fibrolytic bacteria population. Interestingly, independent of the yeast cell viability (live or dead) 

yeast has effects on the rumen. Although, yeast culture (non-viable yeast cellss) does not have the 

capacity to scavenge oxygen and consume carbohydrates therefore outcompeting with other 

microorganisms observed for live yeast. Martin and Nisbet, (1992), and Callaway and Martin, 

(1997) attributed the effects observed on the rumen when yeast culture is offered, exclusively to 

nutitional factors as: organic acids, amino acids, B vitamins, carboxyl acids. As explained by 

Brent and Bartley, (1984), B vitamins (niacin and thiamine) provided by yeast is a very important 

growth factor for ruminal microoganisms. Other authors attributed to the nutritional factors the 

effect of an increased lactate-utilizing bacteria count when yeast was offered (Nisbet and Martin, 

1991; Chaucheyras et al., 1996; Newbold et al., 1998). 

The effects of yeast on ruminal enviroment alters bacteria such Selenomonas 

ruminantium and Megaesphera elsdenii, lactate-consumer. Nisbet and Martin, 1991 and 1992 

reported greater growth for this two lactate-consumer and a consequent greater lactate utilization 

when S. cerevisiae culture was offered. The same authors reported similar results for lactate 

consumption and bacterial growth when applying malate extracted from S. cerevisiae. They 

concluded that malate may contribute to this effect. Approximately 10 years later, Russell, (2002) 

adressed malate to be a limiting factor for another lactate-consumer bacteria (Megaesphere 

elsdenii).  

Wallace (1994) and Newbold (1996) were the first to describe the oxygen scavenging 

ability of Saccharomyces cerevisiae. These authors compared O2 concentration from enviroments 
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with live yeast and oxygen mutant live yeast and linked the reduction of oxygen with normal live 

yeast. For Newbold (1996) and Rose (1987)  this mode of action avoid O2 toxicity to anaerobic 

microorganisms, benefiting their population. The presence of O2 reduces the adhesion of 

fibrolytic bacteria to cellulose, possibly negatively affecting the fiber digestion process (Roger et 

al., 1990).  

Creating better enviromental conditions for lactate-consumer bacteria may ammeliorate 

rumen pH due to a decrease on lactate/lactic acid concentration, which is positively correlated to 

fiber digesting bacteria (Mould et al., 1983). Williams et al. (1991) studied the effects of yeast 

culture on dairy cows offered a 50:50 or 60:40 concentrate:forage diets. Cows had their ruminal 

pH reduced 4 h after their meal compared to control. The L-lactate concentration was also 

decreased when yeast culture was offered, inducing a change in rumen stoichiometry. Acetate to 

proprionate ratio decreased compared to control (from 3.3:1 to 2.8:1) what could be explained by 

a greater lactate conversion to proprionate by lactate-consumers stimulated by yeast (Plata et al., 

1994). Desnoyers et al. (2009) in a meta-analysis reported that yeast positively affected ruminal 

pH whereas DMI and concentrate in the diet increased in 66 experiments with dairy cows. Low 

rumen pH for extended period of time, was proven to decrease the ruminal epithelium absorptive 

capacity (Krehbiel et al., 1995), and to impair fiber digestion (Russell and Wilson, 1996). In a 

review performed by McAllister et al. (2011), the authors concluded that different outcomes of 

yeast effects on rumen pH, either increasing or decreasing it, would be explained by variations of 

diets and also yeast strains. 

Kung et al. (1997) demonstrated that 24 h after the addition of live yeast (dose in CFU 

not known) in a ruminal fermenter, the numbers of viable cells decreased, demonstrating the need 

to a daily supplementation in order to assure a continuous effect within the rumen. The same 

occur with fiber digestion, which came back to normal 24 hours after yeast supplementation 

(Williams et al., 1991; Carro et al., 1992). The addition of live yeast linearly increased neutral 



Texas Tech University, Kaue T Nardi, May 2022 
 

15 

 

detergent fiber digestion of diets containing oat straw offered to steers (Plata et al., 1994). 

Chaucheyras-Durand and Fonty (2001) detected faster estabilishment of cellulolytic bacteria in 

the rumen while Callaway and Martin (1997) reported faster degradation of cellulose when live 

yeast culture was supplemented. Also, Dawson and Hopkins (1991) reported stimulation of 

different cellulolytic bacterias. Fiber degradation is often negatively correlated with lactic acid 

concentration (Callaway and Martin, 1997; McAllister et al., 2011; Swyers et al., 2014), the 

increased fiber digestion observed when live yeast is offered can be a result of  the changes in the 

rumen enviroment, such as reduction of lactate producers microorganisms and estimulation of 

lactate consumers; therefore, reducing lactic acid concentration and increasing fiber digestion. The 

change in rumen microorganism population directly reflects on the volatile fatty acid ratio 

production, apparently Saccharomyces cerevisiae benefit more energy efficient processes, 

increasing fiber digestion that can be transformed in more energy to the animal (Wiedmeier et al., 

1987). 

Lastly, the ability of Saccharomyces cerevisiae to produce alcohol as described by 

Chaucheyras-Durand et al. (2012), can represent an extra source of energy for cattle. Once in the 

rumen alcohol is metabolized by rumen microorganisms or absorbed by rumen wall (Jean-Blain 

et al., 1992). When absorbed by ruminal wall it enters the bloodstream, and it is broken down in 

the liver by the enzyme “alcohol dehydrogenase” releasing energy that can be used by the animal 

(Kristensen et al., 2007).  

Results in cattle  

 

Within growth performance, research has demonstrated a variety of outcomes. Johnson 

and Rops (2000) supplemented yeast to feedlot calves and reported numerical benefit on BW, 

ADG, Feed/Gain, although without statistical evidence to support such improvements. Vyas et al. 

(2014) compared a low dose of live yeast (1 × 1010 CFU/animal-daily) and killed yeast (4 

g/animal-daily) supplementation to beef heifers. Starch digestibility tended to be increased when 
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yeast was supplemented, and although no statistical difference was observed, yeast treatments 

were numerically superior to control on total gain kg (18.5 kg control × 21.9 kg yeast). Hinman et 

al. (1998) utilized 85 g of yeast culture steer-daily during the initial 28 d, and 28 g steer-daily 

during the last 87 d of trial. With a initial dose greater than what is usually reported in the 

literature, these authors reported increased ADG for the whole period of 115 d (0-115), decreased 

DMI (87-115), and increased G:F (0-115) when yeast culture was offered. However, studies 

conducted with steers offered high concetrate diets with yeast culture supplementation showed no 

improvement on growth parameters (Mutsvangwa et al., 1992; El Hassan et al., 1996) while 

Rodrigues et al. (2013) reported decreased ADG, DMI, G:F, hot carcass weight, carcass weight 

consequently increased cost of gain. Ovinge et al. (2018) also reported no improvement in growth 

performance when supplementing a low and a high dose of live yeast (3 × 1010; 6 × 1010 

CFU/steer-daily, respectively) to natural program feedlot steers in the finishing phase. Another 

commom used additive for feedlot cattle that aims to change ruminal fermentation is lasalocid, 

Mir and Mir (1994) compared control, low dose of live yeast (5 × 109 CFU/steer-daily), lasalocid 

and live yeast + lasalocid offered to feedlot steers. Authors reported a “consistent but 

nonsignificant improvement in growth parameters” when animals were offered live yeast. It is 

very important to highlight that different strains, doses, cattle and diets were used in the 

experiments presented above, so different outcomes are hence explained.  

Positive results within growth performance when yeast is offered can be explained by an 

enhanced rumen enviroment, enabling the animal to extract and absorb more energy from the diet 

yielding greater growth and development. Research has demonstrated positive effects of yeast 

supplementation on rumen parameters over decades (Phillips and Von Tungeln, 1985; Cole et al., 

1992; Keyser et al., 2007; Desnoyers et al., 2009; Finck et al., 2014). Newbold et al. (1995) 

demonstrated that two different strains of Saccharomyces cerevisiae showed different effects on 

rumen microorganisms population on a in vitro study and also in vivo, using sheep. What 
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corroborates with Chung et al. (2011) that studied the effect of a low dose of two different live 

yeast strains (1 × 1010 CFU/cow-daily) on ruminal acidosis and CH4 production of dairy cows. 

The enteric CH4 production tended to be decreased when strain 2 was offered compared with 

strain 1, while average rumen pH and time below pH 5.8 decreased when strain 2 was offered 

compared with strain 1. Feedlot steers offered high concentrate diets under tropical conditions, 

with monoensin, live yeast (17.5 g/steer-daily; dose in CFU not known) or control showed no 

differences on nutrient digestion, nitrogen balance, and ruminal parameters (Monnerat et al., 

2013). Beauchemin et al. (2003) offered high concentrate diets to feedlot receiving cattle and 

compared the effects of Saccharomyces cerevisiae (medium dose: 6 × 109 CFU/animal-daily) and 

Enterococcus faecium, a lactate-producing bacteria, on risk of acidosis and digestive parameters. 

The DM digestion increased when a combination of yeast and bacteria that produces lactate was 

offered, but no effect was observed for the risk of acidosis. The authors stated that “…cattle 

adapted to high-grain diets are able to maintain relatively high feed intake and higher fiber 

digestion despite of low rumen pH…”. Although different outcomes on rumen pH are observed 

when yeast is supplemented to cattle, apparently there is a treshold regarding the diet energy level 

over which yeast will decrease the effectiveness of its effect on pH (Crossland, 2018). 

Post harvest parameters were often times affetcted by yeast supplementation. Lockard et 

al. (2020), evaluated the supplementation of yeast-based additive complex on 192 steers offered 

steam-flaked corn-based diets during a heat stressing condition. Increased dressing percentage 

and calculated yield grade were reported when yeast was offered, but no signifcant differences on 

hot carcass weight, fat thickness, rib eye area, marbling score and USDA quality grade. A 

chromiun enriched live yeast (high dose: 1.65 × 1011 CFU/animal-daily) offered to finishing 

feedlot heifers increased growth performance parameters (final body weight, average daily gain 

and G:F) but decreased KPH (total fat found in body cavity close to kdney, pelvis, and heart) and 

fat thickness (Valdés-García et al., 2011). Similar results were reported by Rodrigues et al. (2013) 
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where feedlot steers supplemented with live yeast (low dose: 5 × 109 CFU/animal-daily) that 

reported no differences in most of growth performance and carcass caracteristics traits while 

decreased final live weight, carcass weight, hot carcass weigth, and daily gain. Shen et al. (2019) 

reported no effects on carcass of beef steers except by an increased marbling when supplementing 

yeast culture fermentation products. Ovinge et al. (2018) comparing a steam-flaked corn-based 

finishing diet offered to feedlot steers with two levels of live yeast reported a linear increase on 

premium carcasses when yeast levels increased. Magrin et al. (2018) also observed carcass 

quality improvements with yeast supplementation, where animals offered this additive had greater 

number of excellent graded carcasses when compared to control. Saccharomyces cerevisiae 

fermentation products offered to yearling steers (406 ± 24 kg BW) increased number of choice 

carcasses and tended to increase 12th rib fat thickness (Swyers et al., 2014). However, some 

authors did not report significant differences in the same post harvest parameters (Mir and Mir, 

1994; Hinman et al., 1998; Crossland et al., 2018).  

Responses to Saccharomyces cerevisiae on feeding behavior of animals has been 

observed in literature. A total of 171 Charolais bulls offered live yeast from the 2nd to the 4th 

month of the fattening phase showed a decrease in rumination activity in min/kg of DM. Magrin 

et al. (2018). Bach et al. (2007) studying the effects of live yeast (low dose: 1 × 1010 CFU/animal-

daily) offered to lactating cows reported an increased interval between meals for supplemented 

cows compared to control. Growing steers, during the trasition period, going from a growing to a 

finisher diet were supplemented with active dried yeast (medium dose: 3 × 1010 CFU/animal-

daily) before and after a sorting. Four combinations were evaluated, control before and after, 

control before and yeast after, yeast before and control after, and yeast before and after. Steers 

offered control before and yeast after had more frequent meals compared to steers offered only 

control in both periods, while steers offered yeast in the two periods had greater meal sizes 

(Crossland, 2018). No differences were reported by Ovinge et al. (2018) on feeding behavior of 
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144 steers offered steam-flaked corn-based finishing diets supplemented with two levels of live 

yeast. Changes in the VFA concetrations, created by a enhanced digestion when yeast is fed 

offered may be one of the factors interfering in the shift on feeding behavior. Oba and Allen, 

(2003) reported decreased DMI and meal size when proprionate was infused in the rumen, 

suggesting a stronger satiety signaling by greater concentration of proprionate on the rumen. 

More frequent meals as reported by Bach et al. (2007) and Crossland et al. (2018) when yeast was 

offered can be translated as positive behavior towards increased rumen pH, or either the effect of 

yeast on the pH may be the driver for differences on behavior (Chaucheyras-Durand et al., 2012).  

During the last few paragraphs, direct or indirect effects of yeast supplementation on 

nutrition, growth performance, post harvest variable, methane and feeding behavior were 

discussed. The supplementation effects of Saccharomyces cerevisiae and/or Enterecoccus 

faecium (latate-producing bacteria) on inflammatory response in feedlot steers receiving high-

grain diets have been also reported. Saccharomyces cerevisiae and E. faecium treatment 

positively affected acute phage proteins, and proteins related with the inflammatory response 

(Emmanuel et al., 2007). The compounds β-D-glucan and α-D-glucan, components of yeast cell 

wall, have been reported to modulate the immune system (Medzhitov and Janeway, 2000), within 

the gastrointestinal tract those polysaccharides block the adhesion of pathogens avoiding 

inflammation (Kogan and Kocher, 2007). Broadway et al. (2020) reported ammeliorated heat 

stress effects when yeast and yeast cell wall was supplemented to heifers. According to recent 

literature, yeast poducts may mitigate negative effects of stress and enhance overall immune 

response of animals.  

Variations in enviroment, Saccharomyces cerevisiae strain, dose, diet, type of cattle, dose 

and duration of treatment generate heterogeneous outputs in cattle response to yeast 

supplementation (Homolka, 2021), being the variation within animals another possible factor 

hiding its effect (Crossland et al., 2018). Research studies with a greater number of animals or 
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using designs that eliminate the animal effect are necessary to a better undersanding of 

Saccharomyces cerevisiae effects on beef cattle.   

Vitamin C 

History 

Vitamin C deficiency is known as scurvy, it is one of the first diseases known, with cases 

reported in ancient Greece, Egypt, and Rome (McDowell, 2000). According to the same author 

the disease was endemic during the Middle Ages in Europe, with more than 114 epidemics 

reported. The cause was no availability of foodstuffs rich in vitamin C to be consumed 

(vegetables and fruits) during the cold winter and early spring months. The disease was also 

recurring during sea expeditions where sailors had a restricted diet. Scurvy was considered the 

second worst cause of suffering in human history after hunger (Carpenter, 1986).   

In 1536, Jacques Cartier learned from Indians that a blend of plants could cure and 

prevent scurvy. The important discovery that guinea pigs could develop scurvy was important to 

test treatments before trying them in humans. The belief in the association between scurvy and 

dietary ingredient was confirmed when in 1747 a physician reported recovery from the disease 

after patients were given lemon juice. Even though some discoveries had been made, only in 

1928 Szent-Gyӧrgyi isolated a substance from plants and animals that he called hexuronic acid, 

but only five years later the same substance was synthesized in laboratory and recognized as 

ascorbic acid, and finally classified as a vitamin (McDowell, 2000).  

Definitions 

Approximately 80 - 90 % of vitamin C is absorbed, in which the small intestine is the 

main site of absorption where absorption occurs similarly to monosaccharides absorption process 

(Kallner et al., 1977). There are two main ways of absorption: 1) active transport system, though 

a sodium-dependent pump (low concentrations gradient) and, 2) passive transport or diffusion 
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(high concentrations) (Tsukaguchi et al., 1999; Johnson and Zheng, 2006). In the gastrointestinal 

tract, ascorbic acid is secreted and then re-absorbed as dehydroascorbate (Dabrowski, 1990).  

Even before being a constituent of animals, vitamin C was part of plants structure 

(Johnston, 2012). Wolucka and Van Montagu (2007) while studying the biosynthesis of vitamin 

C and VTC2 (a protein related to vitamin C synthesis) in plants, suggested the important role of 

this two-way biosynthesis of vitamin C in plants evolutionary success. In the evolutionary process 

animals were able to ingest vitamin C present in plants and feeds to meet their requirements. 

According to Combs (2008) ruminants, horses, cats, and dogs can synthesize ascorbic acid using 

glucose within the liver. Almost all animal species also developed the ability to synthesize 

vitamin C, except primates, guinea pigs, fish, fruit bats, and some species of birds (McDowell, 

2003). Chatterjee (1973) hypothesize that vitamin C synthesis was an evolutionary advantage for 

animal species in harsh environmental conditions such as high oxygen tension, desiccation by dry 

air, and hot sun.  

The majority of mammalians, including ruminants, have the liver enzyme “L-

gluconolactone oxidase”, that synthesize ascorbic acid from monosaccharides (Lehninger, 1982). 

The Vitamin C-dependent animals lack this enzyme, but they use alternative mechanisms to fight 

over oxygen toxicity (Nandi et al., 1997). Vitamin C can be converted in carbon dioxide or 

excreted through urine (Burns et al., 1951; Hellman and Burns, 1958).  

Vitamin C is a term designated to compounds that have the same activity as ascorbic 

acid. Ascorbic acid is the main form of vitamin C found in the body of animals, representing 80-

90% (Combs, 2012) but it can be oxidized to dehydroascorbic acid, both forms are biologically 

active (McDowell, 1989, 2000). According to Combs, (2012) forms of vitamin C can be found in 

almost all tissues. 
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The oxidation from ascorbic to dehydroascorbic acid can be reverted through the 

reduction process. This characteristic of vitamin C is related to its function. According to Combs 

(2012) “ascorbic acid represents the major water-soluble antioxidant in plasma and tissues” and it 

is involved in many physiological functions, along with other factors, most of the times on the 

antioxidant protection of cells.  

Vitamin C is also important for the synthesis of collagen, carnitine, and norepinephrine 

because it is a cofactor during their production process (Johnston, 2012). 

Results in animals 

Some of these aforementioned functions have been highlighted over the years. Frei et al. 

(1989) studying the antioxidant consumption within human blood when peroxyl radicals 

(oxidizing factors) were injected reported that ascorbate is the major one and concluded that it is 

involved in the protection of protein, DNA, and all body cells against free radicals, avoiding 

damage by the oxidative stress. May et al. (1998) stated that erythrocytes, the red blood cells, are 

especially exposed to oxidative stress because they carry oxygen and because when inflammation 

occurs oxidative compounds are generated. Oxidation of enterocyte plasma membrane result in 

hemolysis, which can be avoided by α-tocopherol, an antioxidant that reacts with peroxide  

radicals and neutralizing them, and can be reused if recycled by vitamin C. Neutrophils, which 

represent 40 to 70 % of blood cells in humans (Actor, 2012) and are part of the immune system, 

can also be protected by vitamin C against peroxyl radicals (Wolf, 1993). Other benefits in 

immune response were reported by (Siegel, 1975) on vitamin C positive role in signaling proteins 

used by cells to detect viruses, and one year before by Goetzl et al. (1974) that incubated 

leukocytes in a solution with 10-50 times more ascorbic acid than blood levels and observed 100-

300% increase in cell mobility, what facilitates leukocytes adhesion and destruction of antigens.  
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Other than cell protection, vitamin C has an effect on cell proliferation and development. 

The effect of vitamin C on in vitro cell differentiation has been extensively studied. Nandan et al. 

(1990) looking for the effects of ascorbate in skeletal myoblast differentiation reported an 

alleviation of inhibition by ethyl-3,4-dihydroxybenzoate when ascorbate was applied. A culture 

system derived from chicks’ chondrocytes when supplemented with ascorbic acid had greater 

type X collagen synthesis and enzyme activity, resulting in chondrocytes hypertrophy 

(Gerstenfeld and Landis, 1991). Sugimoto et al. (1986) suggested that ascorbic acid may induce 

cells maturation and differentiation into osteoblasts. Studies investigating the role of vitamins on 

the fat depot cells performed by Kawada et al. (1990) showed that the addition of a physiological 

dose of vitamin C increased triglycerides content and adipocytes. Similar results were observed 

within preadipocytes derived from bovines, where vitamin C resulted in greater differentiation 

(Torii, 1998). Franceschi, (2009) hypothesized in a review that vitamin C stimulates the synthesis 

of a collagen matrix, creating an adequate environment for gene expression by tissues to occur 

consequently enhancing cell differentiation. Positive effects of vitamin C in a cellular level may 

reflect in animal’s growth and development.  

Combs (2012) highlighted that vitamin C can have positive effects when supplemented 

during stressful environmental conditions, due to an increased demand in this situation. Toutain et 

al. (1997) evaluating the intravenous administration of ascorbic acid and tissue concentrations of 

calves, reported that lungs represented an ascorbic acid source of fast release that is promptly 

accessed when animals were stressed. Based on the tissue concentration of ascorbic acid, the 

same authors reported that lungs represented 19% of body ascorbic acid pool while liver and 

muscle 40% and 33%, respectively.  

Riddell and Whitnah (1938) observed the ascorbic acid in ruminal content, blood and 

urine of a ruminally canulated cow and a slaughtered steer. In this study the concentration of 

ascorbic acid was determined in the rumen fluid (before feeding and 12 h after feeding), in blood 
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(12 h after feeding) and in urine (60 h after feeding). Only 10% of ascorbic acid was detected in 

rumen fluid after 12 h of feeding, but the blood and urine concentrations increased, suggesting 

that it can be absorbed and metabolized once ingested by the animal. Knight et al. (1941) agreed 

with the previous authors conclusion, but they state that absorption and metabolism of ascorbic 

acid may only represent a small portion while the use by microorganisms represents the major 

sink. What was later reinforced by the research of Cappa (1958) and Itze (1984). 

Acknowledging the greater need of vitamin C during specific situations and the ruminal 

degradation, research on alternative sources to prevent Vitamin C ruminal degradation are of 

interest. To investigate that, Hidiroglou et al. (1997) evaluated the supplementation (50 mg/kg 

body weight) of powdered ascorbic acid, ascorbic acid coated with silicon or ethyl cellulose and 

ascorbyl-2- polyphosphate. Sheep plasma ascorbic acid was more efficiently increased by coated 

ascorbic acid. A few years later Macleod et al. (2003) compared the ruminal disappearance of 

ascorbic acid and ascorbyl-2-polyphosphate. Authors observed a complete depletion of ascorbic 

acid between 6-12 h after supplementation, while the ascorbyl-2-polyphosphate concentration in 

ruminal content after 24 h was 20% of initial dose. The usage of alternative sources as ascorbyl-

2-polyphosphate and coated ascorbic acid will increase the efficiency of vitamin usage by the 

animal other than its utilization by microorganisms in the rumen.  

More evidence has been reported in the literature. Plasma ascorbic acid concentration 

was increased by supplementation with ascorbyl- 2-polyphosphate in dairy heifers (MacLeod, 

1999), lactating cows (Weiss, 2001) in beef heifers (Tyler and Cummins, 2003). Other authors 

also reported increased plasma ascorbic acid when coated ascorbic acid was offered to cows 

(Hidiroglou, 1999) and fattening beef cows (Matsui, 2012). Less rumen degradable sources of 

vitamin can bypass it and contribute to the host nutrition, as evidenced by increased plasma 

levels. 
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As previously discussed, vitamin C plays an important role when it comes to stress. 

Nakano and Suzuki, (1984) studied the stress effect on ascorbic acid serum levels. Under stressful 

conditions, ascorbic acid plasma levels increased while levels of ascorbic acid on storage organs 

decreased, what means that the body mobilizes and utilize it during adverse conditions. Similarly, 

Chan et al. (2005) demonstrated an increased biosynthesis of ascorbate by rats under stressful 

conditions. In conclusion, in response to stress body mobilizes depots of vitamin C. 

 Results in calves 

In calves, levels of vitamin C were proven to be equal to their damns at birth, decrease at 

2-3 months of age (Watts, 1950; Bouda et al., 1980) and be recovered right after this period 

(Palludan and Wegger, 1984). Vitamin C was recommended by some authors to overcome this 

“production gap” (Cole et al., 1944; MacLeod et al., 2003) although further studies demonstrated 

that calves can produce adequate amounts of vitamin C (Toutain et al., 1997) and that the levels 

can be related to environmental conditions, health and also by genetics (Palludan and Wegger, 

1984; Cummins and Brunner, 1991).  

Yashin (1985) diagnosed scurvy in calves whose mothers had low levels of ascorbic acid 

in blood and colostrum (McDowell, 2000). However research has demonstrated that small doses 

of vitamin C could ameliorate scurvy, infectious diseases, and respiratory diseases (Itze, 1984; 

Palludan and Wegger, 1984; Cummins and Brunner, 1989; Orr et al., 1990).  

Results in dairy cows 

Researchers had suggested that lactating cows would have their vitamin C production 

impaired due to the high glucose, vitamin C precursor, demand on the mammary glands. Santos et 

al. (2001) determined the blood glucose and ascorbate levels of primiparous and multiparous 

lactating cows in different stages of lactation, concluding that ascorbate levels do not change 

during the lactation stages proving the opposite. Although, lactating cows can accumulate fat on 
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the liver (Matsui, 2012) this fact contributes with a malfunction of this organ, where vitamin C is 

produced. Padilla et al. (2007) demonstrated that there is a correlation between low plasma levels 

of vitamin C and liver malfunction markers, such as cholesterol, albumin, alkaline phosphate, and 

aspartate aminotransferase.  

Results in beef cattle 

Within beef cattle, few research papers addressed vitamin C in the past 30 years. Levels 

of plasma ascorbic acid were studied in Japanese Black Cattle of different ages, categories, and 

sex. A total of 1000 animals composed the study including calves, fattening heifers, fattening 

steers, replacement heifers, and breeding non-lactating cows. The levels of plasma vitamin C 

were fit in the Non-Linear Regression Procedure of SAS, the plasma level of vitamin C did not 

differ among age and sex but variability was observed within animals. A plateau in the plasma 

vitamin C (µM) can be seen for animals from 0 to 13.4 months of age and, regardless of animal 

category after this age (start of fattening) levels of vitamin started to decrease. The authors 

explained this decrease during the fattening by greater consumption of the vitamin, driven by the 

oxidative character of fat that will consequently decrease the plasma levels (Matsui, 2012). 

During fattening phase, greater amount of free fatty acids are present into the bloodstream, due to 

the role on this oxidizing factor equilibrium played by the adipose tissue (Ebbert and Jensen, 

2013).  

Hirooka, (2009) performed a meta-analysis with 24 studies (1999-2006) to evaluate the 

effects of vitamin C supplementation on BMS (Beef Marbling Standard) of Black Japanese 

Cattle. They concluded that vitamin C leads to an improvement on BMS. Other studies 

demonstrated that vitamin C can increase firmness and texture of beef (Oohashi et al., 2000; Mori 

et al., 2006). Pogge and Hansen, (2013) also reported positive results on carcass characteristics 

when a rumen-protected vitamin C was offered (10.3 g animal-daily) to steers consuming 

different concentrations of sulfur in the diet (0.22%, 0.34% and 0.55% S, DM basis). Authors 
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reported increased marbling score, back fat thickness, and % choice when vitamin C was offered 

to steers on a 0.55% S diet. Although some responses to vitamin C can be observed in the 

literature, some studies did not evaluate vitamin levels. According to Matsui, (2012) vitamin C 

supplementation of fattening steers may be beneficial only when animals have low plasma levels. 

 Nutrient Requirements of Beef Cattle, 8th Revised Edition, (NASEM, 2016) does not 

establish a requirement for such vitamin. The rationale behind it is because animals can produce 

vitamin C on the liver, and literature findings are not consistent when it comes to animal response 

to supplementation.  

Vitamin B1  

History 

 The first vitamin discovered in history was thiamin or vitamin B1 (Carpenter, 2000), 

opening the doors to all vitamin’s discovery. The name vitamin was inspired by the amino group 

present on the structure of thiamine.  

 Thiamin deficiency, as known as beriberi, has been observed by Chinese people for the 

first time 4000 years ago. But only in the nineteenth century, a Japanese navy surgeon observed 

no beriberi symptoms when sailors were offered a richer diet other than the regular polished rice 

one (Takaki, 1885). It was later that Christiaan Eijkman, noted that birds offered strictly polished 

rice would later die by paralysis, and their nerves had similar damage to those from humans with 

beriberi. According to Grijns, (1901) this led researchers to recognize that something was missing 

on the endosperm of rice while present on its husk leading to rice polished offered animals to 

develop such disease. The conclusion was: other than proteins, sugars, and carbohydrates that is 

“something else” required for the correct physiological activity of the body. What was later called 

“vitamin”. 
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Definitions 

Vitamin B1 or Thiamin is a water-soluble vitamin, is also soluble in alcohol but not in 

lipids. It is not able to diffuse through lipid membranes. It contains a pyrimidine and a thiazole 

moiety connected through a methylene bridge (Bettendorff, 2012). Thiamin’s quaternary nitrogen 

is associated with thiamin easy oxidation and instability (Combs, 2012). 

Several forms of thiamin were described and are found in the body: thiamin diphosphate 

(ThDP or TPP) also known as thiamin pyrophosphate or cocarboxylase, thiamin monophosphate 

(ThMP) and thiamin triphosphate (ThTP) (Makarchikov et al., 2003), adenylated thiamin 

derivatives, adenosine thiamin triphosphate (AThTP), and adenosine thiamin diphosphate as 

demonstrated by Frédérich et al. (2009). ThDP is the most important form of thiamin in the body, 

and it is required for cells energy metabolism (Bettendorff, 2012). This form represents 80% of 

the thiamin in the body, it is stable at metabolic pH and temperature (Bettendorff, 2012).  

The ThDP is a coenzyme on the irreversible decarboxylation reaction of α-ketoacids 

which transfer energy from glucose oxidation and also from the oxidation of other components 

within the citric acid cycle (Harmeyer and Kollenkirchen, 1989). The ThDP is also important for 

the process of cell division, and so microbial growth, the reason is because it acts on the pentose 

phosphate in the transketolase reaction, producing pentoses, that are required to produce 

nucleotides (Koike and Koike, 1982; Gubler, 1984). Thiamin deficiencies in cattle may lead to 1) 

Reduced microbial protein synthesis (Candeau and Kone, 1980), 2) Polioencephaomalacia (PEM) 

or cerebrocortical necrosis (Brent and Bartley, 1984). 

Researchers had argued that ruminants would meet their daily requirements by daily 

intake, rumen, caecum, and hind gut production (Edwin and Jackman, 1981). According to 

metabolism studies performed by Steinberg and Kaufmann, (1977), where ruminal concentrations 

and ruminal output of vitamin B1 were determined, authors reported a daily ruminal thiamin 

production of a dairy cow is 32 mg per day. Thiamin absorption can occur in the rumen, small 
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intestine, large intestine, and hind gut. It is mainly absorbed is the small intestine, where it is 

absorbed through passive or active transport in the intestinal lumen (Harmeyer and 

Kollenkirchen, 1989). 

 Thiaminase I and thiaminase II are present in the rumen and are produced by 

microorganisms (Edwin and Jackman, 1981). Megaesphere elsdenii, Bacillus thiaminolyticus and 

Clostridium sporogenes are thiaminase I producers (Kimura, 1965; Rowett Research Institute 

Annual Report, 1978) and Bacillus aneurinolyticus thiaminase II producers (Kimura, 1965). The 

mode of action of both thiaminases are different, thiaminase I catalyzes the thiazole moiety 

(Kazemi and Brent, 1985) and thiaminase II hydrolyzes the methylene-N-thiazole (Harmeyer and 

Kollenkirchen, 1989). Although, the result is the same: thiamin loses its function. Under normal 

conditions the balance between ingestion and microbial production of thiamin versus the 

degradation of it by thiaminases will yield a positive value allowing cattle to meet thiamin daily 

requirement. According to Candeau and Kone (1980) thiamin deficiency in the rumen will 

decrease rumen microbial growth due to its importance to energy metabolism, potentially 

impacting animal growth.  

Enhanced animal growth and performance in feedlots increase the requirements of 

thiamin (Santschi et al., 2005). Although feedlot diets are richer in carbohydrates (high 

concentrate), and protein contents which would support microbial growth and therefore thiamin 

synthesis, there are other factors playing a role on this vitamin availability during this phase. High 

concentrate diets may lead to SARA (sub-acute ruminal acidosis) or acute ruminal acidosis 

(Owens et al., 1998a). Under this fermentative disorders thiaminases destruction of vitamin B1 is 

greater when compared to normal conditions (Brent and Bartley, 1984; Karapinar et al., 2010). 

This exact scenario can lead to thiamin deficiency, as reported in some research papers (Dabak 

and Gul, 2004; Karapinar et al., 2010; Pan et al., 2016). Excessive sulfur in the diet defined by the 

Nutrient Requirements of Beef Cattle, 8th Revised Edition, (NASEM, 2016) as 0.3% S (S in the 
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diet + S in the water), common when byproducts as distillers grains are offered can also cause 

greater thiamin destruction (Gooneratne et al., 1989). To overcome these challenges, thiamin 

supplementation may be a good strategy hence helping rumen microorganisms to grow avoiding 

deficiency for cattle. 

 Xue et al. (2020) investigated the in vitro effect of thiamin supplementation (180 mg/kg 

DM) on rumen fluid from high concentrate diets (concentrate/forage = 60/40), compared with a 

high concentrate diet with no supplementation and a control diet (concentrate/forage = 40/60). 

Dietary treatments on the high concentrate diet containing additional vitamin B1showed 

increased ruminal pH and acetate, attenuating SARA, and decreased propionate when compared 

with the same diet without thiamin.  

 The TPP effect, obtained throughout the transketolase test can be used to determine 

thiamin status and has been used within cattle (Braunlich and Zintzen, 1976). Karapinar et al. 

(2010) assessed the TPP effect on blood samples of 45 beef steers. A group of 30 steers offered a 

high concentrate diet during at least 3 months, and 15 animals were offered a low concentrate 

diet. The TPP effect was greater within high concentrate offered steers compared with control 

(47.2 vs 19.53, concentrate vs control). Authors concluded that high concentrate diets cause an 

effect on TPP, what may be leading to thiamin deficiency.  

 Another study performed a few years later by Pan et al. (2017) aimed to determine if 

thiamin absorption by the rumen can be blocked by high grain diets and to evaluate thiamin anti-

inflammatory effects. Authors evaluated thiamin transporters on ruminal epithelium and observed 

that the expression of both were reduced when dairy cows were offered high grain diets. Such 

effect can potentially impair thiamin absorption. Factors related with ruminal epithelium 

inflammation had their expression decreased when thiamin was supplemented at 180 mg/kg DMI, 

showing an anti-inflammatory effect of thiamin. Zhang et al. (2020) comparing the ruminal 

epithelium of goats offered 1) control (30/70; concentrate/forage), 2) high concentrate (70/30; 
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concentrate/forage) and 3) high concentrate with thiamin (70/30; concentrate/forage; 200 mg 

thiamin/kg of DMI) observed damage when high concentrate diets were offered, but a decrease 

on such damage when thiamin was provided to animals. Authors concluded that thiamin helps 

attenuate high concentrate induced ruminal epithelial damage. Pan et al. (2016) concluded after 

providing 180 mg of thiamin/kg of DM to fistulated dairy cows and evaluating VFA profile that 

thiamin helped to attenuate the SARA effects by shifting ruminal fermentation to more 

propionate and less lactate concentration consequently mitigating a reduction in pH. Dairy cows 

offered diets with less ADF and NDF and more non-fibrous carbohydrate than recommended 

tended to have positive effect of thiamin supplementation at a dose of 300 mg animal-daily 

(Shaver and Bal, 2000). 

Electrolytes  

Definitions 

 

Sodium (Na), potassium (K), and chlorine (Cl) are elements required for ruminant’s 

adequate body function. In the extracellular fluid sodium is the most important cation and 

chloride the most important anion while in the intracellular fluid K is the most important ion 

(NASEM, 2016). According to the same book, Na and Cl are required to equilibrate osmotic 

pressure, regulating acid-base balance, and water balance. The K will also regulate acid-base 

balance, muscle contractions, equilibrate osmotic pressure, water balance, nerve impulse 

transmission, and enzymatic reactions. Just like K, Na is important for muscle contractions, nerve 

impulse transmission, and additionally for glucose and amino acid transport. Lastly, Cl along with 

hydrogen (H) constitutes hydrochloric acid, present in the gastric juice. The enzyme amylase, 

which digests starch also requires Cl to be activated.  

According to Underwood and Suttle (1999), NASEM (2016), and Neathery et al. (1981): 

acute deficiency of Na, K, and Cl in cattle respectively, under normal conditions, are unlikely. 

Although, during, before, or after stressful events, electrolytes supplementation can have positive 
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effects in cattle. During such events intracellular water is lost, as reported by Schaefer et al. 

(1990). Authors assessed the electrolyte balance of 89 beef yearling bulls given 4 h of 

transportation and different lengths of water and feed deprivation time and reported significant 

change on the balance of electrolytes. To restore this balance, electrolytes were required. The 

effects of electrolytes in cattle will be discussed on the next topic “Management intensity”. 

Management intensity 

Definitions 

 

Fraser et al. (1975) defined stress for veterinary use as reaction to an internal or external 

stimulus. Grandin (1997) stated that stress can be generated by psychological stress, which 

depends on animal temperament and can be triggered by: restraint, contact with people, exposure 

to novelty, transportation, and handling. According to the same author cattle can also have 

physiological stress, caused by extreme weather, hunger, thirst, fatigue, and injuries.  

According to Cole and Hutcheson (1985), that evaluated the recovery of stressed steers, 

stressful events can increase ruminal pH, serum osmolarity and glucose, nitrogen, and ammonia 

concentrations. A stressful event can also set in motion the innate immune response. This body 

response can be identified by the determination of acute phase proteins (Eckersall and Bell, 

2010). Once triggered, it will alter metabolism, liver will catabolize proteins and amino acids to 

strengthen immune tissue (Gruys et al., 2005).  

There is an interplay between nutrition and stress. The NASEM (2016) states that: “… 

nutrition and stress are interactive and consequential, in that stress can accentuate or aggravate 

nutritional deficiencies, and nutritional deficiencies can induce stress response…”. On the next 

paragraphs nutrition strategies used to overcome stressing events will be discussed. 
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Results in cattle  

 Parker et al. (2003) evaluated the acid-base balance of 19 Bos indicus steers. Animals 

were assigned to three groups 1) control (free access to feed and water), 2) animals deprived from 

feed and water during 60 h, and 3) animals were transported, then deprived from feed and water 

for 12 h and transported for more 48 h. Although potassium plasma concentration decreased for 

transported animals compared with control group, authors concluded that electrolyte solutions 

would not be enough to recover animals under stress. Although, Schaefer et al. (1997), 

investigating the use of electrolytes in stressed cattle, reported positive effects: electrolytes 

offered pre-transport to animals (bulls) held overnight and transported during 4 h increased hot 

carcass weight, (control = 282 kg vs treated = 288 kg (Scott et al., 1993); control = 288 kg vs 

treated = 298 kg (Gortel et al., 1992); Jacobsen et al. (1993) also studied pre-transport electrolytes 

treatment but for steers hauled 8 h and reported increments in hot carcass weight (control = 264 

kg vs treated = 280 kg). While Schaefer et al. (1993) reported decreased live weight loss when 

dietary treatment was offered to pasture raised, overnight held, and 1 h transported steers (control 

= 6.7% vs treated = 4.9%). Beatty et al. (2007), evaluated the effect of electrolytes on a ship trip 

offered electrolyte solution through drinking water (1.6 g/L NaHCO3 and 3.5 g/L KCl). The 80 

beef steers used were assigned to control and electrolytes supplementation treatments. On the 18th 

day of trip animals offered dietary treatments had 3% more liveweight than control animals.  

Methane  

 Methane, along with CO2, N2O, and fluorinated gases comprehend the greenhouse gases 

(GHG). It is important to note that GHG are of paramount interest in the protection of earth from 

solar radiation and to maintain part of this energy on earth. When there is more GHG being 

accumulated, such gases will trap heat and contribute to the increase of atmosphere temperature, 

as known as global warming. Despite of the fact CH4 is not as persistent as CO2 in the 

atmosphere, when compared on a weight basis it is 25 times (in an 100-year period) more capable 
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of retaining heat when compared to CO2 (EPA., 2019). According to EPA (2019), methane 

emissions were 10% of total U.S. Human GHG emissions in 2019 and from this total, livestock 

represents 36% (27% enteric fermentation CH4 emissions + 9% manure CH4 emissions). 

According to the same source and considering the total U.S. anthropogenic emissions, livestock 

CH4 emission accounts for 3.6% of total emissions. 

 Starting decades ago, consumers concern about agriculture and the products originated 

from this activity has been growing (Tedeschi et al., 2011). This phenomenon can be seen in our 

society today. It brings serious topics into the light of discussions and assures a continuous 

improvement of the agricultural activities and food supply chain. The CH4 emissions by cattle are 

on the way of current discussion, attention to this topic aligned with research aims to find 

alternatives to a more efficient livestock industry. 

Other than society concern, reduction in CH4 emissions is, energetically speaking, a good 

thing from the animal and beef operation standpoint. The reason why, is because 6 to 10% of 

gross energy intake can be lost as CH4 (Eckard et al., 2010), 89% of which is eructed and 11% is 

expelled through flatulence (Balch et al., 1979).  

Enteric fermentation is the mechanism responsible for most of CH4 emissions from cattle. 

This process occurs mainly in the rumen, but also in the hind gut and a subgroup of Archea, 

methanogens, are responsible (Hook et al., 2010). More specifically, methanogenesis is the 

process that can occur through four pathways, but only two occur in the rumen: CO2 reduction 

and acetoclastic pathways. 

CO2 reduction pathway 

When feed is digested, among others, CO2 and H2 are some of the byproducts and 

methanogens use both to produce energy, generating a CH4 molecule. According to Moss et al. 

(2000), CO2 + 4H2 → CH4 + 2H20. This process consumes H2, contributing to prevent a pH drop 

in the rumen.  

Acetoclastic pathway 
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This pathway is performed by Archea Methanosarcinales and utilizes acetate as a 

substrate: CH3COOH (acetate) → CO2 + CH4 (Fenchel et al., 2012). One ATP is spent to 

transform acetate into acetyl-CoA, in the next step it is transformed in a methyl group that is 

finally reduced to CH4 (Welte and Deppenmeier, 2014). 

 The mitigation of CH4 is of interest from the energy conservation standpoint and to 

decrease GHG emissions. To achieve this goal, some strategies can be used. An increased 

productivity of animal products such as beef and milk, can dilute the total CH4 due to less head of 

cattle required per kg of product. Joblin (1999) stated that reductive acetogenesis performed by 

acetogenic bacteria uses H2 to produce acetate, so increasing the acetogens concentration would 

represent a H2 sink in the rumen yielding less CH4 production. According to the same author 

reductive acetogenesis and propioneogenesis, by removing H2 from ruminal environment, can 

reduce the H2 pressure and yield the formation of acetate, butyrate, and propionate instead of 

lactate, which is formed when H2 pressure (or concentration) is high. Although the elimination of 

methanogens would decrease CH4 production it would also eliminate its positive effect on 

removing H2. Reducing H2 is a strategy, that reduces CH4 substrate without the need to remove 

methanogens therefore, reducing CH4 production (Joblin, 1999). 

Yeast can potentially change volatile fatty acids profile, microbial ecosystem and redox 

potencial of the rumen. These factors play an important role, as discussed futher on methane 

session of this literature review, on CH4 production in the rumen. According to Tedeschi et al. 

(2011) upon the use of live yeast (dose in CFU not known), lower redox potential on rumen fluid 

was reported (Mathieu et al., 1996; Jouany et al., 1998; Chaucheyras-Durand and Fonty, 2002; 

Marden et al., 2008). The estimulation of acetogenic bacteria, responsible for the reductive 

acetogenesis, which consumes  H2 to form acetate can; therefore, representing a H2 and reducing 

such CH4 production substrate (Chaucheyras et al., 1995; Joblin, 1999). Lastly, shifts in the VFA 

profile, greater acetate:proprionate ratio, observed when live yeast is offered (Martin and Nisbet, 

1990; Kung et al., 1997) represent more proprionate being produced, the major H2 sink after 
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methanogenesis, consequently reducing CH4 production. Although expected, the decrease in CH4 

production when live yeast is offered to ruminants in not consistent.  

Crossland et al. (2018) evaluated the effectiveness of active dried yeast (high dose: 6 × 

1010 CFU/animal-daily) on steers offered finishing diets under heat stress or termo-neutral 

environments. Methane production was measured using the MA-10 Methane analyzer and no 

effect of active dried yeast was reported. Lila et al. (2004) studying the effects of different 

concentrations of a twin strain of S. cerevisiae on in vitro ruminal fermentation of three substrates 

(corn starch, soluble potato starch and sudangrass hay plus concentrate misture) reported a 10% 

less CH4 mL/incubation after 24 h when 1.32 g of live yeast was added to a high concentrate diet 

plus hay. The authors attributed such effect to a greater utilization of metabolic hydrogen by 

acetogens to support acetate production thereby reducing this substrate to CH4 production. 

Interestingly Carro et al. (1992) reported a tendency to a greater methane production when yeast 

culture was poured into a medium-concentrate diet while it tended to increase for a high-

concentrate diet when both treatments were compared to contol using a in vitro fermentation 

system (Rusitec). 

Lynch and Martin, (2002) compared the in vitro effects of S. cerevisiae live and dead 

cells on different substrates (ground corn, soluble starch, alfalfa hay, and Coastal bermudagrass 

hay) on ruminal fermentation. CH4 production was not affected for corn and soluble starch 

substrates. A small decrease in CH4 production (P < 0.05) was reported when 35 g/L of live yeast 

was added to fermenters with alfalfa hay and Coastal bermudagrass. Mutsvangwa et al. (1992) 

also reported a decreased CH4 production upon live yeast supplementation. In vitro trials were 

conducted to compare the effect active dried yeast on a diet formulated for beef animals based on 

barley. Within a 12 h incubation, the control group had greater CH4  production compared with 

dietary treatment. Few years later a similar study conducted by Elghandour et al. (2017), 

demonstrated reduced CH4 production 12 h later S. cerevisiae “1026” addition to fermentation 
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chambers with ruminal fluid of bulls offered a barley-based diet compared with the control 

treatment. McGinn et al. (2004) comparing monensin, sunflower oil, enzymes, yeast, and fumaric 

acid effects on CH4 emissions using a fermentation chamber reported nonsignificant numerical 

decrease on CH4 production when live yeast was offered. A meta-analysis performed by Hristov 

et al. (2013) evaluated the effect of yeast culture supplementation on methane production and 

concluded that it has a potential to reduce emissions when offered to animals consuming corn-

silage. Lastly, the potential of S. cerevisiae to increase pH (Desnoyers et al., 2009; Zhang et al., 

2020) and therefore diminish the availability of H2 potentially contributing to less CH4 production 

through CO2 reduction pathway. 

Counfounding results upon the administration of S. cerevisiae on CH4 were noted by 

Patra, (2012), who linked the cause of that to different feed ingredients of diets and yeast strains. 

The effects of vitamins and electrolytes on CH4 emissions are yet to be elucidated. 

Conclusion 

Feedlot finishing phase is a challenging period to cattle. During this phase nutritional 

challenges and stressors can affect animal health and performance reflecting economically on the 

feedlot operation. To overcome such challenges, industry have been focused on the development 

of conventional technologies such as ionophores, implants and antibiotics. Although, a growing 

awareness of society to more natural and safe products lead science to the frontiers of natural, 

mineral or vitamins-based products. Strategic nutritional technologies such as Saccharomyces 

cerevisiae, vitamin C, vitamin B1, and electrolytes have positive effects on cattle ruminal 

parameters, methane emissions, growth performance, and health. Although, to some extent, 

abundant literature can be found on these factors isolated, assessments of a packet containing all 

these technologies is lacking. 
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II. THE EFFECTS OF A NUTRITIONAL PACKET (LIVE YEAST,                        

VITAMINS C AND B1, AND ELECTROLYTES) OFFERED DURING                          

THE FINAL PHASE OF FEEDLOT STEERS ON GROWTH                   

PERFORMANCE, NUTRIENT DIGESTION, AND FEEDING BEHAVIOR 

 

Abstract  

The effects of a nutritional packet offered to beef steers during the final 64 d of the feedlot 

finishing phase on growth performance, carcass characteristics, total tract apparent nutrient 

digestibility, and feeding behavior were evaluated. Crossbred-Angus steers (n = 120; initial BW = 

544 ± 52 kg) were assigned to 30 pens (4 steers/pen; 15 pens/treatment) in a randomized complete 

block design where pen represented the experimental unit. A steam-flaked corn-based finishing 

diet was offered ad libitum, and the treatments were applied as follows: 1) control and 2) 30 g/steer-

daily (DM-basis) of the nutritional packet. Ground corn was used as a carrier for the nutritional 

packet and included at 1 % of diet DM. The nutritional packet was formulated to provide 1.7 × 1010 

CFU/steer-daily of Saccharomyces cerevisiae, 162 mg/steer-daily of Vitamin C; 400 mg/steer-

daily of Vitamin B1; 2.4 g/steer-daily of NaCl, and 2.4 g/steer-daily of KCl. Data were analyzed 

using the GLIMMIX procedure of SAS. Average daily gain of BW (P = 0.89), DMI (P = 0.57), 

and gain efficiency (P = 0.82) were not affected by the inclusion of the nutritional packet. The 12th 

rib fat deposition increased (P = 0.02) by 17.5% for cattle offered the nutritional packet, followed 

by a also greater (P = 0.03) calculated yield grade. The NDF and ADF digestible intake (kg/day) 

were 7.53 and 11.9% greater (P ≤ 0.02) for treated cattle, respectively. Steers offered the nutritional 

packet had increased (P ≤ 0.02) digestibility of DM, OM, NDF, and ADF, while a tendency (P = 

0.08) was observed for hemicellulose. Steers feeding behavior treatment × period interactions (P ≤ 

0.03) were observed for eating time (min/d) and eating time calculated in min/kg of consumed DM, 
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OM, fiber, and digestible DM, OM, and fiber, in which steers offered the nutritional packet did not 

differ between periods, while steers offered the control treatment decreased such behavior activities 

on d 63. Rumination, drinking, active, chewing, and resting times were not affected (P ≥ 0.28) by 

treatments. The nutritional packet improved nutrient digestibility with no effect on nutrient intake 

which may have led an increased carcass-fat deposition. Such effect associated with no deleterious 

effects on growth performance, and a more stable eating behavior during the final 64 days on feed 

can potentially warrant less days on feed when cattle receive such nutritional packet.  

 

Key Words: electrolytes, feedlot, finishing diet, live yeast, vitamin B1, vitamin C  
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Introduction 

Maximizing nutrient utilization from dietary ingredients during feedlot operation can 

reflect on profit, because diet cost has historically represented 50-70% of production expenses 

(Shike, 2013). Contrastingly, highly digestible contents, such as in steam-flaked corn, will be 

utilized by rumen microorganisms rapidly. What can potentially induce subclinical digestive 

disorders, due to lactic acid accumulation and a drop in ruminal pH, which can impair nutrient 

digestion and absorption, and negatively affect animal growth performance and health (Owens et 

al., 1998). Such incidence of digestive disorders, increases towards the last days on feed (Castillo-

Lopez et al., 2014). 

During the past decades, new technologies have been studied aiming to aid such 

challenges and mitigate the negative effects related to ruminal challenges endured by cattle 

offered high-energy diets. Among such technologies, some can be highlighted: live yeast can 

have positive effects on ruminal pH stabilization and fiber digestibility (Desnoyers et al., 2009; 

McAllister et al., 2011). Vitamin C plays a role on host oxidative stress and immunological 

function (Combs, 2012), as well as, rumen microorganism nutrition (Matsui, 2012). Vitamin B1 

is crucial for multiplication of ruminal microorganisms due to its importance on energy 

metabolism and its role on the nucleotide production (Gubler, 1984) and it is destroyed when 

energy dense diets are offered (Karapinar et al., 2010). Electrolytes are required for the 

maintenance of body homeostatic balance (Schaefer et al., 1990). It was hypothesized that the 

combination of such technologies offered in a single nutritional packet during the final days on 

feed of such fattening phase would improve nutrient utilization and energy deposition. Hence, the 

objective of current experiment was to evaluate growth performance, carcass characteristics, 

feeding behavior, and nutrient digestibility of beef cattle offered a steam-flaked corn-based diet 

with or without a nutritional packet containing live-yeast, vitamin C & B1, and electrolytes 

during the last 64 days on feed of beef yearlings. 
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Materials and Methods 

All experimental procedures involving the use of animals were done in accordance with 

Texas Tech University Animal Care and Use Committee Protocol 19066-07.  

Receiving and Experimental Design 

 

During late fall, a total of 202 Angus cross-bred steers were delivered to the Texas Tech 

University Beef Center, located in Idalou, TX. Subsequently, a subgroup of 120 steers were 

separated into two large receiving pens and left for approximately two weeks to adapt to the new 

environment and recover from transport. During the 10 days after arrival, steers were ad libitum 

fed with a diet that contained a high inclusion of grains because steers were already in a finisher 

diet prior to arrival. Such arrival diet contained, 53.4% steam-flaked corn, 11.0% low-quality 

alfalfa hay, 28.6% wet corn gluten feed, 2.2% yellow grease, 2.0% vitamin and mineral 

supplement, 1.5% limestone, 1.0% finely ground corn, and 0.18% urea (DM basis). Cattle were 

implanted with Revalor-XS (Merck Animal Health, Madison, NJ) and also received the following 

vaccines/treatments: Mycoplasma Bovis Bacterin (Myco-B one dose; American Animal Health, 

Inc., Grand Praire, TX); Dectomax pour-on (Zoetis, Florham Park, NJ); BoviShield IBR/BVD 

Gold (Zoetis, Florham Park, NJ); UltraChoice 7 (Zoetis, Florham Park, NJ); and oral Safeguard at 

20 mL/steer (Merck Animal Health, Madison, NJ).  After the initial period of 10 days prior to 

study initiation, steers were offered a control diet ad libitum (Table 1.1) until steers reached an 

appropriate body weight for study initiation. The following January, cattle were weighed and 

sorted into 15 weight blocks, following a randomized complete block design (2 pens/block) with 

30 pens of 4 steers each. Cattle within blocks were randomly allocated into Beef Center pens (3 m 

wide × 15.5 m deep; 3.3 m of linear concrete bunk space), and the experiment initiated late 

January, after steers had adapted to the new experimental pens, in which an initial individual 

body weight was taken and dietary treatments were offered (Table 1.1).  



Texas Tech University, Kaue T Nardi, May 2022 
 

57 

 

The two treatment groups were: 1) Control (no nutritional packet, finely-ground corn as 

placebo) and 2) Nutritional Packet, which targeted 30 g of DM/steer-daily (actual 29.52 g of 

DM/steer-daily after DMI was corrected for diet refusals measured daily). A laboratorial analysis 

following the method from the Food and Drug Administration (FDA), entitled: “Bacterial 

Analytical Manual (BAM)” was used for the enumeration of yeasts using spread plating on 

Dichloran Rose Bengal chloramphenicol (DRBC) agar, performed by the School of Veterinary 

Medicine Laboratory, at Texas Tech University has determined 1.7 × 1010 CFU/g of 

Saccharomyces cerevisiae.  

The nutritional packet was incorporated into the diet through a premix included at 1% 

(DM basis), which was prepared in a ribbon type mixer (Marion Mixers Inc., Marion, IA). The 

premix included finely ground corn as carrier. Diet and ingredient samples were taken once a 

week and dehydrated at 100°C (24 h) using a forced-air oven to calculate dietary DM content and 

perform adjustments on dietary ingredient inclusions, respectively. The DM intake was calculated 

by multiplying the amount offered daily on an as-fed basis by the DM content of diets measured 

weekly and subtracting the daily amount of refusals (when present), adjusted for the DM content 

of orts collected individually. Additional diet samples and ingredients were also collected weekly 

and stored under refrigeration (-20oC) for further nutrient analyses. 

Body Weight and Carcass Measurements 

Unshrunk body weights were collected on days 0, 21, 42, and 64 before daily feeding at 

0630h. Weights were taken using a large pen scale (Cardinal Scale Manufacturing Co., Webb 

City, MO; accuracy ± 3.7 kg), except d 0 and 64, where individual BW was taken using a 

Silencer Squeeze Chute (Moly Manufacturing, Lorraine, KS) seated on Avery Weigh-Tronix load 

cells (Fairmount, MN) with a readability ± 0.45 kg; (before each use, the scale was validated with 

500 kg of certified weights).  

On the final day of the study (d 64), cattle were individually weighed and shipped to a 

federally inspected slaughter facility located in Friona, Texas when approximately 65% or more 
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steers had sufficient visual finish to grade USDA Choice. Trained personnel from Texas Tech 

University coordinated with slaughter to collect HCW, and the in-plant camera system was used 

to determine yield grade, quality grade, marbling score, LM area, and 12th-rib fat. Dressing 

percent was calculated by dividing HCW by nonshrunk final BW. Carcass-adjusted BW was 

calculated from HCW divided by the average dressing percent across treatments (61.81%), and 

adjusted by a 4% shrink, or adjusted by a measured shrink using load/empty truck weights upon 

departure of feedlot and load/empty upon arrival at the slaughter facility. Carcass-adjusted ADG 

was calculated from carcass-adjusted final shrunk BW, initial BW, and days on feed, and carcass-

adjusted G:F was calculated as carcass-adjusted ADG divided by the average DMI for the 

experimental period. The interim weights were used to calculate ADG, and G:F ratio for the 

steers during each period. 

Apparent Total Tract Nutrient Digestibility 

 

During days 47 to 51, a digestibility assessment was conducted. During this assessment 

bunks were cleaned at 0730 h before feeding. During this period, ort samples were collected at 

0730 h and subtracted from the previous day offered diet. Feces were also collected from at least 

three steers within each pen at 0700 and 1700 h and frozen (-20oC) for further analyses. 

Approximately 40% (12/30 pens) of the pens had orts which were kept for analyses. Diet samples 

from all the pens were collected at feeding time (0830 h). At the end of the week, fecal samples 

were composited by pen (10 samples per pen), 200 grams from each sample were mixed, 

dehydrated (55oC in forced-air oven for 72 h), and ground to 1mm in a Willey Mill (Thomas 

Scientific, Swedesboro, NJ) for laboratorial analyses The same procedure was used to composite 

diet and ort samples. Ort samples collected that were greater than 5% of total offered (DM basis) 

were kept for nutrient analyses and further correction for calculation of nutrients consumed.  

The 288 h iNDF method was utilized as a dietary internal marker and used to estimate 

total fecal output and subsequent apparent total tract nutrient digestibility. Briefly, Ankom F-57 

bags containing 0.5 g of diet or feces were incubated for 288 h in situ (ruminally cannulated steer 
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offered a hay-based diet), rinsed, and processed with neutral detergent solution according to (Van 

Soest et al., 1991) with the inclusion of alpha-amylase, sodium sulfite, final acetone rinse, and 

without discounting residual ash. Apparent total tract digestibility was determined according to 

iNDF, using the equation as follows: 

  

Laboratorial Analyses 

 

Except for daily dietary sub-samples dried at 100°C in a forced air oven for 24 h (used to 

calculate DMI only), all samples were dehydrated at 55°C using a forced air oven for 72 h prior 

to analyses. Samples were ground to 1-mm, using a Wiley Mill (Thomas Scientific, Swedesboro, 

NJ) before nutrient analyses. Method 950.01 (AOAC, 1990) was used to adjust samples to 

laboratorial dry matter (100°C for 4 h). Organic matter was determined by subtracting the residue 

from the ash process, which was processed on oven (600°C for 4 h) following the method 942.05 

(AOAC, 2005). Neutral and acid detergent fiber were analyzed in sequence (Ankom 200, 

Macedon, NY) where NDF procedure included thermo-stable amylase, sodium sulfite, acetone 

rinse, and discounting residual ash (Van Soest et al., 1991).  

Feeding Behavior 

 

On days 27-28 and 63-64 feeding behavior was assessed during a 24-h period according 

to Ovinge et al. (2018). Observations were recorded every 5 minutes, whether cattle were resting, 

active, eating, ruminating, or drinking. Chewing activity was calculated by adding eating and 

ruminating time. The amount of minutes spent ruminating and chewing per kilogram of DM, OM, 

NDF, ADF, HEM, and digestible nutrients intake were also corrected for nutrients consumed. 

Statistical Analysis 

 

Data were analyzed by utilizing the GLIMMIX procedure of SAS (SAS Inst., Inc., Cary, 

NC) with pen considered the experimental unit in a randomized block design. Treatment was 

considered a fixed effect and evaluated for intake, apparent total tract nutrient digestibility, 

𝑨𝒑𝒑𝒂𝒓𝒆𝒏𝒕 𝒏𝒖𝒕𝒓𝒊𝒆𝒏𝒕 𝒅𝒊𝒈𝒆𝒔𝒕𝒊𝒃𝒊𝒍𝒊𝒕𝒚 % = 𝟏𝟎𝟎 − 𝟏𝟎𝟎 𝒙 [
𝒄𝒐𝒏𝒄.  𝒐𝒇  𝒊𝑵𝑫𝑭 𝒊𝒏 𝒇𝒆𝒆𝒅

𝒄𝒐𝒏𝒄.  𝒐𝒇  𝒊𝑵𝑫𝑭 𝒊𝒏 𝒇𝒆𝒄𝒆𝒔
×
𝒄𝒐𝒏𝒄.  𝒐𝒇 𝒏𝒖𝒕𝒓𝒊𝒆𝒏𝒕 𝒊𝒏 𝒇𝒆𝒄𝒆𝒔

𝒄𝒐𝒏𝒄.  𝒐𝒇 𝒏𝒖𝒕𝒓𝒊𝒆𝒏𝒕 𝒊𝒏 𝒇𝒆𝒆𝒅
] 
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growth performance, and carcass characteristics, while BW block was considered the random 

effect. Feeding behavior data was analyzed as repeated measures with treatment, period, and 

interaction being the fixed effects and BW block used as random effect. Covariance structures for 

repeated measures were chosen based on the smallest Akaike information criterion. Kenward 

Rogers was used to adjust degree of freedom bias. Carcass data (USDA Quality Grade) used the 

same model, but using non-Gaussian distribution (binomial), so the inverse link function was 

used to covert values back to averages reported on result tables. Significant differences were 

considered when P ≤ 0.05 and tendencies discussed when P > 0.05 and ≤ 0.10.  

Results  

 By design, initial BW was not different (P = 0.23) between treatments, in which steers 

initiated the assessment with an elevated weight (average = 544.5 kg), emphasizing that current 

assessment focused on the final 64 DOF of the finishing phase (Table 1.2). Neither unshrunk or 

carcass adjusted final BW were affected (P ≥ 0.94) by treatments. Overall growth performance 

(d0-64) represented by ADG (P = 0.93), DM intake (P = 0.57), and G:F (P = 0.85) were not 

affected by dietary treatments. However, a tendency (P = 0.10) for a decreased G:F during d 21-

42 was observed in steers which were offered the nutritional packet compared with control, 

induced by a numerical greater DMI and lesser ADG for the same period.   

The HCW (average = 394 kg), dressing percent (average = 61.82%), longissimus muscle 

area (92.06 cm2), marbling score (496 points), and quality grades (prime average = 2.5%; choice 

average = 80.8%; and select average = 15%) were not affected by treatments (P ≥ 0.32; Table 

1.3). However, steers offered the nutritional packet had an 17.5% greater (P = 0.02) 12th rib fat 

thickness and a 10% greater (P = 0.03) calculated yield grade when compared to control.    

Steers offered the nutritional packet had greater (P ≤ 0.03) overall apparent total tract 

nutrient digestibility of DM and OM by approximately 1.3%, NDF by 4.8%, ADF by 7%, while 

hemicellulose tended (P = 0.08) to be greater by 3.3% (Figures 1.1 and 1.2). 
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Within feeding behavior, treatment × period interactions (P ≤ 0.03) were observed for 

eating time (min/d) and eating time calculated in min/kg of consumed DM, OM, fiber, and 

digestible DM, OM, and fiber, in which steers offered the nutritional packet maintained their time 

spent on such activities between periods assessed, while a decrease was observed when steers 

were offered control diet towards the last 30 days on feed (Table 1.4). Rumination (P = 0.28), 

drinking (P = 0.40), active (P = 0.92), and resting (P = 0.53) times were not affected by 

treatments.  

Discussion 

The objective of this study was to evaluate the effects of a nutritional packet containing 

Saccharomyces cerevisiae, vitamin C, vitamin B1 and electrolytes (NaCl and KCl) on growth and 

performance, carcass characteristics, nutrient digestion, and feeding behavior of feedlot steers 

offered a steam-flaked corn-based finishing diet during the final 64 days on feed. The enhanced 

nutrient digestion observed when the nutritional packet was offered indicates that steers had 

access to more energy from diet. Although, additional body mass and gain efficiency were not 

observed in current assessment. When Ovinge et al. (2018) evaluated the growth performance of 

beef cattle undergoing a natural program offered a steam-flaked corn-based finishing diet (as in 

the current experiment) added with Saccharomyces cerevisiae (low yeast: 3 ×1010 and high yeast: 

6 ×1010 CFU/steer-daily) no effects on ADG, DMI, and G:F were reported. These observations 

corroborate with Lockard et al. (2020) that reported no effects on growth performance when a 

yeast based feed additive complex was offered to 192 steers during the feedlot finishing phase. 

Contrastingly, a greater DMI (0.44 g/kg of body weight) was reported in a meta-analysis 

evaluating the effect of S. cerevisiae supplementation to dairy cows (Desnoyers et al., 2009), 

where an increase in milk production (1.2 g/kg of body weight) was observed. It is important to 

note that the effect of live yeast reported in such meta-analysis was observed in studies in which 

diets had greater forage inclusion when compared with current experiment diet. The tendency for 
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decreased G:F when the nutritional packet was offered in the current study between d 21-42 was 

driven by a subtle numerical decrease in ADG and a subtle numerical greater DMI, which is not 

popularly observed in the literature (Ovinge et al., 2018; Lockard et al., 2020).  

However, even though the inclusion of the nutritional packet did not increase growth 

performance, carcass fat deposition was enhanced. An additional tissue deposition was expected 

due to an enhanced digestion of nutrients and no changes in dry matter intake. Such expected 

outcome was observed in current trial represented by greater 12th rib fat and calculated yield 

grade reported when nutritional packet was offered. Such findings corroborate with Swyers et al. 

(2014), when they studied the effects of monensin and Saccharomyces cerevisiae fermentation 

products (average dose of 42 g/steer-daily) on 250 steers carcasses, during feedlot finishing 

phase. A tendency to a greater 12th rib fat thickness and greater number of carcasses grading 

choice were reported for steers offered the live-yeast fermentation products. Similar results were 

reported by Magrin et al. (2018) where Charolais bulls receiving 1 ×1010 CFU/bull-daily of a live 

yeast strain during the fattening phase, tended to need less days on feed to reach a common 

finishing point when compared to control, according to the European carcass grading system. 

Lastly, it is important to note that Saccharomyces cerevisiae can produce alcohol as end product 

(Chaucheyras-Durand et al., 2012), and that such compound can be utilized by ruminants as an 

energy source as described by Kristensen et al. (2007). Although we did not measure alcohol 

production in the rumen, it could have contributed to greater energy absorption from diet when 

steers were offered the packet. 

During the fattening phase, cattle vitamin C plasma levels decrease, due to the oxidative 

character of fat and, therefore, greater consumption of such vitamin is needed (Matsui, 2012). 

During such phase there is greater free fatty acids circulation into the bloodstream (Ebbert and 

Jensen, 2013), which are oxidizing factors. In addition, Knight et al. (1941) observed that once in 

the rumen, vitamin C is extensively used by ruminal microorganisms therefore competing for 

animal absorption of such vitamin. Kawada et al. (1990) demonstrated that physiological levels of 
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vitamin C applied on preadipocytes increase their transformation rate into adipocytes, cells 

responsible for fat depot in the body. Perhaps the combined effect of live yeast and vitamin C can 

potentially allow steers offered the current nutritional packet during the final days on feed was 

capable to induce such effect, although it is unclear why 12th rib fat increased only, and not the 

overall body fat (including intramuscular fat).  

Increased nutrient digestion upon the administration of dietary treatment was expected 

due to its positive effects on overall ruminal environment. This outcome was also observed by 

Ovinge et al. (2018), for organic matter, dry matter, acid and neutral detergent fiber apparent total 

tract digestibility increased compared with control when S. cerevisiae was offered. Desnoyers et 

al. (2009) also predicted an increased dry matter digestibility, upon live-yeast provision, 

analyzing 41 studies. McAllister et al. (2011) attributed enhanced fiber digestibility to live yeast 

ability to create a better ruminal environment through: 1) Oxygen scavenging and 2) the provision 

of nutritional factors such: organic acids, B vitamins, and amino acids that are intrinsic to live 

yeast and required for microorganism growth (Callaway and Martin, 1997). The O2 present in the 

ruminal fluid impair the adhesion of cellulolytic bacteria to cellulose (Roger et al., 1990) and, as 

explained by Jouany et al. (1998) due to the fact cellulolytic bacteria are anaerobic the presence 

of O2 can be detrimental. Additionally vitamin B1 deficiency can possibly occur in the feedlot 

phase (Pan et al., 2016) and it is essential for microorganisms growth, due to the requirement of 

ThDP (thiamin diphosphate) on the pentose phosphate cycle that will allow nucleotides to be 

produced, which are required for cellular division (Candeau and Kone, 1980). The effect of the 

supplementation of vitamin B1 on microorganisms’ proliferation may induce greater microbial 

abundance and hence participate in enhanced nutrient digestion. Lastly, Zhang et al. (2020) 

observed that thiamin supplementation reduced the damage caused on ruminal epithelium caused 

by high-concentrate diets. This discovery aligned with the fact that thiamin deficiency can occur 

in the feedlot suggests that thiamin supplementation in such phase can enhance ruminal 

epithelium health and consequently nutrient absorption. 



Texas Tech University, Kaue T Nardi, May 2022 
 

64 

 

Current results on ruminating, chewing, resting, drinking and active activities 

corroborates with Ovinge et al. (2018) and Lockard et al. (2020) findings, who assessed the 

effects of S. cerevisiae and did not report effects on feeding behavior measurements. Although, in 

current experiment, animals offered the nutritional packet maintained time spent on eating 

activities during the last 64 days prior to slaughter while animals fed control diets reduced time, 

spent on the same activities, during the last 30 days. Similar outcome was reported by Magrin et 

al. (2018), authors observed a decrease in rumination (min/kg DM) when steers were fed control 

diets while live-yeast offered steers maintained such activity during the last 4 months of fattening 

prior to slaughter, authors attributed live yeast the capacity to stimulate rumination. Similar result 

was also observed by DeVries and Chevaux, (2014) for dairy cows fed forage based diets and 

offered live yeast 1 × 1010 CFU/cow-daily. Cows offered live yeast tended to improve rumination 

time. Authors also assessed meal frequency and duration, suggesting that the effect on greater 

rumination time was caused by greater number of meals and shorter interval between them. 

Although in current experiment meal frequency and interval was not assessed this could have 

influenced in the maintenance of eating time observed for steers offered the packet. The effects of 

supplementary vitamin C, vitamin B1 and electrolytes on feeding behavior of cattle is yet to be 

elucidated. 

Conclusions 

 The nutritional packet increased carcass fat-deposition without deleterious effects on 

growth performance, what can potentially warrant less days on feed. Steers offered the nutritional 

packet had improved apparent total tract digestibility of nutrients which may induced the 

enhanced energy deposition in the carcass. The nutritional packet seems to stabilize eating 

behavior during the final days on feed prior to slaughter.  
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Table 1.1 Dietary ingredients and nutritional composition of diets offered to feedlot beef steers 

Item Control Nutritional Packet 

Inclusion, DM % basis   

Corn grain. Steam Flaked 64.03 64.03 

Finely ground corn 1.00 0.00 

Limestone 1.60 1.60 

Vitamin mineral supplement1 2.00 2.00 

Wet Corn Gluten Feed  20.00 20.00 

Low-quality Alfalfa hay 8.00 8.00 

Yellow Grease 3.00 3.00 

Nutritional Packet Premix TEST2 0.00 1.00 

Urea 0.37 0.37 

Analyzed Nutritional Composition   

Crude protein, % 14.4 14.7 

Acid detergent fiber, %  8.3 8.3 

Neutral detergent fiber, %  18.9 19.2 

Crude fat, % 6.3 6.4 

Total digestible nutrients, %  90.1 90.3 

Digestible energy, Mcal/kg 3.98 3.99 

NEm, Mcal/kg3 2.24 2.25 

NEg, Mcal/kg3 1.55 1.57 

Calcium, %  0.97 0.98 

Phosphorus, %  0.47 0.48 

Magnesium, %  0.25 0.25 

Potassium, % 0.94 0.96 

Sulfur, %  0.19 0.20 

Sodium, %  0.17 0.19 

Chloride, %  0.40 0.41 

DCAD 81.81 84.11 
1 Supplement contained (DM basis) 67.7538% carrier (cottonseed meal), 0.5% antioxidant (Endox; Kemin 

Industries, Inc., Des Moines, IA), 3.76% urea, 10% potassium chloride, 15% sodium chloride, 0.0022% cobalt 

carbonate, 0.1965% copper sulfate, 0.0833% iron sulfate, 0.0031% ethylenediamine dihydroiodide, 0.167% 

manganous oxide, 0.125%, 0.9859% zinc sulfate, 0.0099% vitamin A (1,000,000 IU/g), and 0.157% vitamin E 

(500IU/g) and provided (dietary) 30 mg/kg of monensin (0.75% Rumensin-90 in supplement; Elanco Animal 
Health, Indianapolis, IN) and 9 mg/kg of tylosin (0.5063% Tylan-40 in supplement; Elanco Animal Health). 
2 Premix contained the following: finely-ground corn for the control diet, and 34.45% of Nutritional Packet for 

the 30 g DM per steer-daily (finely-ground corn was used as the carrier for the premix). 
3 Calculated from growth performance data.  
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Table 1.2 Effects of a nutritional packet on growth performance of beef steers offered a steam-flaked 

corn-based finishing diet 

Item Control 
Nutritional 

Packet
1
 

SEM
2
 P-value 

Initial BW, kg  544 545 7.9 0.23 

Final unshrunk BW, kg 638 638 8.2 0.95 

Adj. FSBW, kg (4%)3 612 612 7.5 1.00 

Adj. FSBW, kg (measured shrink)4 626 626 7.7 0.94 

ADG, kg     

     Day 0-21 2.01 2.12 0.076 0.32 

     Day 21-42 1.77 1.68 0.061 0.29 

     Day 0-42 1.89 1.90 0.039 0.84 

     Day 42-64 0.66 0.62 0.080 0.69 

     Day 0-64 1.47 1.46 0.041 0.89 

     Adj. 0-64 (4%)3 1.07 1.06 0.055 0.88 

     Adj. 0-64 (measured shrink)4 1.28 1.27 0.056 0.94 

DMI, kg/d     

     Day 0-21 9.26 9.42 0.203 0.39 

     Day 21-42 10.24 10.36 0.197 0.63 

     Day 0-42 9.75 9.89 0.190 0.48 

     Day 42-64 9.77 9.86 0.191 0.74 

     Day 0-64 9.76 9.88 0.182 0.57 

Gain:Feed     

     Day 0-21 0.218 0.226 0.0081 0.45 

     Day 21-42 0.173 0.163 0.0059 0.10 

     Day 0-42 0.194 0.193 0.0042 0.84 

     Day 42-64 0.067 0.062 0.0082 0.61 

     Day 0-64 0.151 0.148 0.0042 0.66 

     Adj. 0-64 (4%)3 0.110 0.108 0.0061 0.81 

     Adj. 0-64 (measured shrink)4 0.131 0.130 0.0062 0.85 
1 The nutritional packet was formulated to provide 1.7 × 1010 CFU/steer-daily of Saccharomyces 

cerevisiae, 162 mg/steer-daily of Vitamin C; 400 mg/steer-daily of Vitamin B1; 2.4 g/steer-daily of 
NaCl, and 2.4 g/steer-daily of KCl. 

2 Standard error of the mean (n = 15 pens/treatment). 
3 Carcass adjusted final body weight calculated as HCW divided by overall dressing percent, then 
multiplied by a common shrink (4%). 
4 Carcass adjusted final body weight calculated as HCW divided by overall dressing percent, then 

multiplied by shrink measured by truck net weights (Control = 2% and Nutritional packet 2%).                                    
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Table 1.3 Effects of a nutritional packet on carcass characteristics and carcass quality of beef steers offered a steam-flaked corn-based finishing 
diet 

Item Control Nutritional Packet
1
 SEM

2
  P-value 

Hot carcass weight, kg 394 394 4.8 1.00 

Dressing percent3 61.82 61.81 0.322 0.97 

12th rib fat, cm 13.36 15.70 0.601 0.01 

LM area, cm2 92.73 91.38 1.07 0.38 

Marbling score4 503 488 12.2 0.37 

Calculated yield grade 3.02 3.32 0.112 0.03 

Quality Grade (%)     

Prime 1.67 3.33 1.017 0.57 

Choice 83.33 78.33 0.349 0.49 

Select 11.67 18.33 0.406 0.32 
1 The nutritional packet was formulated to provide 1.7 × 1010 CFU/steer-daily of Saccharomyces cerevisiae, 162 mg/steer-daily of Vitamin C; 

400 mg/steer-daily of Vitamin B1; 2.4 g/steer-daily of NaCl, and 2.4 g/steer-daily of KCl. 

2 Standard error of the mean (n = 15 pens/treatment). 
3 Dressing percent calculated as HCW divided by unshrunk final BW. 
4 300 = slight; 400 = small; 500 = modest; 600 = moderate; 700 = slightly abundant. 
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Table 1.4 Effects of a nutritional packet on feeding behavior of beef steers offered a steam-flaked corn-based finishing diet 
 

Item 
Day 27 Day 63   P-value 

Control N. Packet1 Control N. Packet1 SEM2 TRT PER TRT × PER 

Time, min/d         

Ruminating 121 128 154 160 5.5 0.40 <0.01 0.90 

Eating 117a 106ab 90c 99bc 3.1 0.82 <0.01 0.01 

Chewing3 239 234 244 259 7.0 0.61 0.05 0.20 

Drinking 18 21 20 21 1.5 0.41 0.48 0.76 

Resting 1006 1010 1007 991 12.3 0.59 0.31 0.29 

Active 177 176 169 169 10.2 0.93 0.16 0.96 

Rumination, min/kg of intake         

DM 13 13 16 17 0.7 0.33 <0.01 0.99 

OM  13 14 17 18 0.7 0.34 <0.01 0.99 

NDF 63 65 80 81 3.4 0.64 <0.01 0.94 

ADF 197 198 244 246 10.3 0.77 <0.01 0.92 

HEM 94 99 119 123 5.0 0.43 <0.01 0.97 

Rumination, min/kg of digestible intake    

DM 15 16 19 19 0.8 0.49 <0.01 0.95 

OM  15 16 19 20 0.8 0.48 <0.01 0.95 

NDF 93 91 117 114 5.0 0.71 <0.01 0.81 

ADF 320 307 407 381 16.9 0.38 <0.01 0.72 

HEM 130 132 165 165 7.2 0.89 <0.01 0.88 

Eating, min/kg of intake         

DM 12a 11ab 9c 10bc 0.4 0.97 <0.01 0.01 

OM  13a 12ab 10c 11bc 0.4 0.98 <0.01 0.01 

NDF 61a 54b 46c 51bc 2.0 0.59 <0.01 0.01 

ADF 186a 163b 142c 154bc 6.0 0.47 <0.01 0.01 

HEM 90a 81b 69c 77bc 3.0 0.87 <0.01 0.01 

Eating, min/kg of digestible intake        

DM 14a 13b 11c 12bc 0.5 0.79 <0.01 0.01 

OM  15a 13b 11c 12bc 0.5 0.79 <0.01 0.01 
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NDF 89a 75b 68b 71b 3.1 0.21 <0.01 0.01 

ADF 310a 253b 238b 238b 11.8 0.12 <0.01 0.03 

HEM 125a 109b 96c 103bc 4.4 0.44 <0.01 0.01 

Chewing, min/kg of intake3         

DM 25 24 25 27 0.9 0.46 0.05 0.15 

OM  26 26 27 29 1.0 0.47 0.05 0.15 

NDF 124 119 126 132 4.7 0.94 0.06 0.16 

ADF 380 362 386 400 14.4 0.88 0.06 0.16 

HEM 185 180 188 200 7.1 0.61 0.05 0.16 

Chewing, min/kg of digestible intake3     

DM 29 28 30 31 1.1 0.70 0.05 0.16 

OM  30 29 31 32 1.1 0.69 0.05 0.16 

NDF 182 167 185 184 7.2 0.39 0.06 0.21 

ADF 631 560 645 619 25.6 0.18 0.07 0.24 

HEM 255 242 260 268 10.3 0.79 0.06 0.19 
1 The nutritional packet was formulated to provide 1.7 × 1010 CFU/steer-daily of Saccharomyces cerevisiae, 162 mg/steer-daily of 

Vitamin C; 400 mg/steer-daily of Vitamin B1; 2.4 g/steer-daily of NaCl, and 2.4 g/steer-daily of KCl. 
2 Standard error of the mean (n = 15 pens/treatment). 
3 Chewing activity calculated by adding time spent eating and total time spent ruminating.    
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Figure 1.1. Effects of a nutritional packet on apparent total tract nutrient digestibility of beef steers offered a steam-flaked corn-based 

finishing diet. Improvement in DM and OM (P ≤ 0.02) apparent total tract digestibility when nutritional packet was offered. 
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Figure 1.2 Effects of a nutritional packet on apparent total tract fiber digestibility of beef steers offered a steam-flaked corn-based 

finishing diet. Improvement in NDF and ADF apparent total tract digestibility (P ≤ 0.02) when nutritional packet was offered. 
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III. THE EFFECTS OF A NUTRITIONAL PACKET (LIVE YEAST,                        

VITAMINS C AND B1, AND ELECTROLYTES) OFFERED DURING                          

THE FINAL PHASE OF FEEDLOT STEERS UNDER INTENSIVE            

MANAGEMENT ON GROWTH PERFORMANCE, NUTRIENT DIGESTION,  

FEEDING BEHAVIOR, AND METHANE EMISSIONS 

 

Abstract  

The effects of a nutritional packet offered to intensively managed beef steers during the 

final 65 d of the feedlot finishing phase on growth performance, carcass characteristics, total tract 

apparent digestibility, and feeding behavior, and methane emissions were evaluated. Crossbred-

Angus steers (n = 30; initial BW = 542 ± 8.4 kg) were assigned to 2 pens (15 steers/pen) in a 

randomized complete block design where the steer represented the experimental unit. Steers were 

fed, ad libitum, a steam-flaked corn-based finishing diet and treatments were applied as follows: 

1) control and 2) 30 g/steer-daily (DM-basis) of the nutritional packet (1.7 × 1010 CFU/steer-daily 

of Saccharomyces cerevisiae, 162 mg/steer-daily of Vitamin C; 400 mg/steer-daily of Vitamin 

B1; 2.4 g/steer-daily of NaCl, and 2.4 g/steer-daily of KCl). The nutritional packet was included 

in the diet using finely-ground corn as carrier at an inclusion 0.85 % of diet DM. Pens were 

equipped with C-lock® technology bunks through which individual steer daily intakes were 

automatically recorded. Data were analyzed using the MIXED procedure of SAS with repeated 

measures. Final unshrunk body weight (P = 0.07), unshrunk ADG 0-65 (P = 0.06), and adjusted-

ADG (P = 0.06) tended to be increased by 2.5%, 27.4% and 38.2%, respectively, when the 

nutritional packet was offered to steers. Steers offered the nutritional packet also had greater (P ≤ 

0.01) interim ADG (0-50 and 35-50). The DMI tended (P = 0.07) to decrease by 13.4%, and 

decreased by 10.9% (P = 0.03) when steers were offered the nutritional packet between days 28-

35 and 54-65, respectively, while overall (0-65) DMI was not affected (P = 0.61). Feed 

efficiencies 0-65 (unshrunk), 35-50, 0-50, and carcass adjusted 0-65 were greater (P ≤ 0.04) for 

steers offered the nutritional packet. The HCW, dressing percent, 12th rib fat, marbling score, and 
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quality grade were not affected (P ≥ 0.18) by dietary treatment. A tendency (P = 0.09) for a 

longissimus muscle area to be decreased by 4.1% was observed, while the calculated yield grade 

was 19.1% greater (P = 0.03) when steers were offered the nutritional packet. The NDF intake 

during the digestibility phases increased (P = 0.05) when steers were offered the nutritional 

packet. A treatment × period interaction indicated that the apparent total tract digestibility of DM, 

OM, and ADF were greater (P ≤ 0.02) when the nutritional packet was offered during period 3, 

while NDF digestibility tended (P = 0.06) to increase regardless of period. Feeding behavior 

assessed using accelerometer tags was not affected (P ≥ 0.12) by treatments. No treatment × 

period interactions were observed (P ≥ 0.32) for meal frequency, duration (min/meal), and intake 

(kg/meal). Steers offered the nutritional packet had greater overall meal duration during periods 1 

and 3 (P < 0.01), but did not differ (P = 0.09) for period 2. Steers offered the nutritional packet 

had greater (P ≤ 0.01) meal frequency, while individual meal duration and meal intake were not 

affected by treatments (P > 0.86).  Methane produced in g/kg of NDF intake was 12.3% lesser (P 

= 0.01) when steers consumed the nutritional packet, while g of CH4/kg of digested NDF was 

reduced (P = 0.02) by 16.7%. Steers offered the nutritional packet under intensive management 

showed enhanced growth performance and nutrient digestibility towards the last 30 days on feed, 

without inducing deleterious effects on carcass characteristics and feeding behavior. The methane 

emission was reduced per unit of fiber and digestible fiber consumed when dietary treatment was 

offered. 

 

Key Words: electrolytes, feedlot, intensive management, live yeast, Vitamin B1, Vitamin C  
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Introduction 

 The final days on feed preceding the beef cattle harvest is a costly phase of the feedlot 

industry marked by a low body weight gain efficiency that is primarily induced by an elevated 

carcass adipose tissue deposition (Owens et al., 1993). In addition, the effects of sub-acute 

nutritional disorders induced by elevated intakes of highly digestible nutrients of typical finishing 

diets (Samuelson et al., 2016) may also exacerbate the challenges endured by cattle prior harvest, 

especially those related to exacerbated ruminal fermentation affecting ruminal acidity and 

increased osmolarity (Owens et al., 1998b). It is also important to note that, ruminal acidosis 

incidence and prevalence is worsened towards the last days on feed (Castillo-Lopez et al., 2014). 

Moreover, factors inducing additional stress such as handling and transport may also impair 

productivity (Grandin, 1997). In response to a stressing factor, cattle can react with a fight or 

flight response or initiate a body immune response. Such reaction may impair performance and 

health depending upon animal temperament, severity of stress, and exposition length (Gruys et 

al., 2005). 

The beef cattle industry has developed and applied an array of effective technologies over 

the decades such as implants, ionophores, and anti-microbials to help animals thrive through such 

challenges achieving their genetic potential. Although, more recently there is a growing concern 

from society towards the use of natural products, for instance direct fed microbials and other 

nutritional strategies such vitamins and minerals as an alternative to traditional technologies.  

 Nutritional technologies currently available, such as live yeast (Saccharomyces 

cerevisiae), ascorbic acid (vitamin C), thiamin (vitamin B1), and electrolytes (NaCl and KCl) 

have been applied successfully to cattle. Although used separately for different purposes, current 

literature has reported positive effects on ruminal environment by supplementation of live yeasts 

and vitamin B1 (Zhou et al., 2011; Pan et al., 2016), reduction of negative stress effects by live 

yeast, vitamin C and electrolytes (Schaefer et al., 1997; Broadway et al., 2020; Deters and 
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Hansen, 2020), enhanced performance and carcass traits by live yeast and electrolytes 

supplementation (Schaefer et al., 1997; Hinman et al., 1998), and some outcomes for reduced 

CH4 emissions, especially due to increased propionate production, which consumes H2, therefore 

reducing its availability for methanogenesis (Kung et al., 1997; Lila et al., 2004). It was 

hypothesized that the combination of the aforementioned nutritional technologies within a single 

nutritional packet would help animals to overcome challenges of intensively managed feedlot 

cattle prior to slaughter. We hypothesized that the inclusion of a nutritional packet during the 

final 65 days of the feedlot phase that were intensively managed would improve growth 

performance, carcass characteristics and apparent total tract nutrient digestibility, affect feeding 

behavior and CH4 emissions of beef steers. Our objective was to determine whether dietary 

supplementation of a nutritional packet improved aforementioned parameters of finishing feedlot 

steers during the final 65 days on feed.  

Materials and Methods 

All experimental procedures involving the use of animals were done in accordance with 

Texas Tech University Animal Care and Use Committee Protocol 19096-11.  

Receiving and Experimental Design 

 

Steers (30 angus cross-bred beef steers) used were delivered to the Texas Tech University 

Beef Center (Idalou-TX) in October of 2019. Cattle were weighed, implanted with Revalor-XS 

(Merck Animal Health, Madison, NJ) and given the following vaccines/treatments: Mycoplasma 

Bovis Bacterin (Myco-B one dose; American Animal Health, Inc., Grand Praire, TX); Dectomax 

pour-on (Zoetis, Florham Park, NJ); BoviShield IBR/BVD Gold (Zoetis, Florham Park, NJ); 

UltraChoice 7 (Zoetis, Florham Park, NJ); and oral Safeguard at 20 mL/steer (Merck Animal 

Health, Madison, NJ). After initial procedures, steers were allocated into two large receiving pens 

during the first 2 weeks to recover from transport and handling and to adapt to the new 

environment. All steers came from the same producer and were already on a finisher diet prior to 
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arrival. They were fed, ad libitum, a diet with high inclusion of grains during the first 10 days. 

The diet contained, 53.4% steam-flaked corn, 11.0% low-quality alfalfa hay, 28.6% wet corn 

gluten feed, 2.2% yellow grease, 2.0% vitamin and mineral supplement, 1.5% limestone, 1.0% 

finely ground corn, and 0.18% urea (DM basis). Steers were tagged with EID tags (Allflex USA, 

Inc., Dallas, TX) equipped with a radio frequency which communicated an unique identification 

number. After the first 10 days, steers were fed the control diet ad libitum (Table 2.1) until 

reaching appropriate body weight for study initiation (542 ± 8.4 kg). On January 10 of 2020, 

steers were weighed, sorted into 15 blocks at 2 steers/block into 2 pens following a randomized 

complete block design. Two Beef Center pens (37.5 m wide × 38 m deep; 3.3 m of linear 

concrete bunk space) were used, in which each pen was equipped with four auto-mated feed 

intake monitoring bunk systems (SmartFeed bunks, C-Lock Inc., Rapid City, SD) which 

measured intake of each steer communicating with EID tags, as described by Stotz et al. (2021). 

On January 17 of 2020, an initial body weight was taken and steers started receiving the finishing 

diet with experimental treatments (Table 2.1).  

The two treatment groups were: 1) Control (no nutritional packet, finely-ground corn as 

placebo) and 2) Nutritional Packet, which targeted 30 g of DM/steer-daily (actual 29.8 g of 

DM/steer-daily after DMI was corrected for diet refusals measured daily). A laboratorial analysis 

following the method from the Food and Drug Administration (FDA), entitled: “Bacterial 

Analytical Manual (BAM)” was used for the enumeration of yeasts using spread plating on 

Dichloran Rose Bengal chloramphenicol (DRBC) agar, performed by the School of Veterinary 

Medicine Laboratory, has determined 1.7 × 1010 CFU/steer-daily of Saccharomyces cerevisiae. 

The nutritional packet also provided 162 mg/steer-daily of Ascorbic acid (Vitamin C); 400 

mg/steer-daily of Thiamine hydrochloride (Vitamin B1); 2.4 g/steer-daily of sodium chloride, and 

(NaCl) 2.4 g/steer-daily of potassium chloride (KCl), in which blend was provided by Vigaly 

LLC (San Antonio – TX).  
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The premix was prepared including finely ground corn as a carrier and mixed at the 

Texas Tech University Feed Mill in a ribbon type mixer (Marion Mixers Inc., Marion, IA). Diet 

and ingredient samples were taken weekly and dehydrated using a forced-air oven (100°C for 

24h) to determine the DM content. Additional subsamples of both diet and individual ingredients 

were stored under refrigeration (-20˚C) for further analyses.   

Body Weight and Carcass Measurements 

Unshrunk individual body weights were collected on days 0, 7, 14, 28, 35, 50, 54 and 65 

before daily feeding at 1000 h. Weights were taken using a “Cow Power 1050” Squeeze Chute 

(Arrow CattleQuip, Manitoba, Canada) seated on Tru-Test HD5T load cells (Tru-test Ltd., 

Auckland, New Zealand) with a readability ± 0.50 kg and an indicator ID5000 (Tru-test Ltd., 

Auckland, New Zealand). 

On the final of day (65) of the experiment, cattle were individually weighed and shipped 

to a federally inspected slaughter facility located in Friona, Texas when approximately 65% or 

more steers had sufficient visual finish to grade USDA Choice. Trained personnel from Texas 

Tech University coordinated with slaughter to collect HCW, and the in-plant camera system was 

used to determine yield grade, quality grade, marbling score, LM area, and 12th-rib fat. Dressing 

percent was calculated by dividing HCW by nonshrunk final BW. Carcass-adjusted BW was 

calculated from HCW divided by the average dressing percent across treatments (61.68%) and 

adjusted by a 4% shrink, or adjusted by a measured shrink using load/empty truck weights upon 

departure of feedlot and load/empty upon arrival at the slaughter facility. Carcass-adjusted ADG 

was calculated from carcass-adjusted final shrunk BW, initial BW, and days on feed, and carcass-

adjusted G:F was calculated as carcass-adjusted ADG divided by the average DMI for the 

experimental period. The interim weights were used to calculate ADG, and G:F ratio for the 

steers during each period. 
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Apparent Total Tract Nutrient Digestibility 

 

Digestibility assessments were conducted during three collection periods: Period-1 (d8 to 

d11), Period-2 (d29 to d32), and Period-3 (d50 to d53). During collection periods bunks were 

cleaned before feeding. Feces were also collected directly from each steer in the chute at 0700 

and 1700 h and frozen (-20oC) for further analyses. At feeding time (1030 h) diet samples from 

both pens were collected. At the end of the collection periods, fecal samples were dried (55oC for 

72 h), ground (2 mm), and composited by steers (eight samples per steer each period). Dietary 

samples were submitted to the same procedure. 

In order to estimate total fecal output and calculate apparent total tract nutrient 

digestibility, the dietary internal marker iNDF (indigestible neutral detergent fiber) was used. 

Briefly, Ankom F-57 bags containing 0.5 g of diet or feces were incubated during 288 h in situ 

using ruminally cannulated steers (offered a hay-based diet), after the incubation bags were 

removed, rinsed, and processed with neutral detergent solution following Van Soest et al. (1991) 

with the inclusion of alpha-amylase, sodium sulfite, final acetone rinse, and without discounting 

residual ash.  

The apparent total tract nutrient digestibility was determined according to the following 

equation: 

 

Feeding Behavior 

 

Each steer received a Cow Manager ear-tag sensor (CowManager SensOor, Agis 

Automatisering BV, Harmelen the Netherlands) mounted on an EID radio frequency 

identification tag prior to experiment initiation. Data were sent wirelessly through a sensor 

installed on the surroundings of the pens to a coordinator attached to an internet connected 

computer with Cow Manager application installed. The sensors identified head and ear 

movements and classified data through an algorithm as: eating, ruminating, active and not active. 

𝑨𝒑𝒑𝒂𝒓𝒆𝒏𝒕 𝒏𝒖𝒕𝒓𝒊𝒆𝒏𝒕 𝒅𝒊𝒈𝒆𝒔𝒕𝒊𝒃𝒊𝒍𝒊𝒕𝒚 % = 𝟏𝟎𝟎 − 𝟏𝟎𝟎 𝒙 [
𝒄𝒐𝒏𝒄. 𝒐𝒇 𝐢𝑵𝑫𝑭 𝒊𝒏 𝒇𝒆𝒆𝒅

𝒄𝒐𝒏𝒄.  𝒐𝒇 𝐢𝑵𝑫𝑭 𝒊𝒏 𝒇𝒆𝒄𝒆𝒔
×
𝒄𝒐𝒏𝒄.  𝒐𝒇 𝒏𝒖𝒕𝒓𝒊𝒆𝒏𝒕 𝒊𝒏 𝒇𝒆𝒄𝒆𝒔

𝒄𝒐𝒏𝒄.  𝒐𝒇 𝒏𝒖𝒕𝒓𝒊𝒆𝒏𝒕 𝒊𝒏 𝒇𝒆𝒆𝒅
] 
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Minutes spent on eating or ruminating activities per hour were recorded and utilized to determine 

time spent on such activities per day, as described by Pereira et al. (2018). Total time spent eating 

plus total time spent ruminating were added to calculate chewing time. Time (minutes) spent 

eating, ruminating, and chewing per kilogram of DM, OM, NDF, ADF, and digestible nutrients 

intake were corrected for nutrients consumed. 

Feeding Behavior based on Meal Criterion Calculation 

 

Feeding behavior were continuously recorded using the Smartfeed™ system (SmartFeed 

bunks, C-Lock Inc., Rapid City, SD) (individual steers). Each pen was equipped with four bunks 

which steers were allowed access during the study. Three periods during the last 65 days before 

cattle harvest were assessed: 1) d7-11; 2) d28-32; and 3) d49-53. Periods were used to compute 

meal criteria for each steer using the Meal Criterion Calculation (MCC) (v. 1.9.7919.35834) 

software. Feeding behavior traits (meal frequency, total meal duration, meal duration, and meal 

intake) were also determined by MCC as described by Mendes et al. (2011). MCC was accessed 

through https://www.nutritionmodels.com/mcc.html on January 18th 2022. Meal within bunk 

visits were calculated as described by (Bailey et al., 2012) using the R software (R Core Team, 

2017) and the mixdist package.  

Methane emissions 

 

The sulfur hexafluoride (SF6) technique was utilized to measure CH4
 emissions (Johnson 

et al., 1994). Steers were adapted from days 0 to 6 to the canisters used to collect CH4 and 3 

collection periods were performed on days 7 to 11, 28 to 32, and 49 to 52. The permeation tubes 

were composited by: brass tube bodies (length = 4.4 cm, external diameter = 1.43 cm, internal 

diameter = 0.79 cm, internal depth = 3.8 cm, and volume = 1.86 mL); nylon washers; Teflon 

membrane; porous (2-μm porosity) stainless steel frit and a brass nut. The average release rate of 

SF6 was on average 8.76 mg/d. A 3-mo calibration period was performed, where permeation 

tubes were kept at 39˚C after being filled up with 2.35 g of SF6 gas. The canisters used to collect 

gas were made of polyvinyl chloride pipe and had a volume of 2 L. Canisters were attached to 
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adapted halters to collect gas samples, they were evacuated to 63.5 cm Hg to create a vacuum that 

slowly collected gas through a crimped capillary tube (length = 10 cm, inner diameter = 0.127 

mm, and flow = 0.67 to 0.69 SCCM). Ambient CH4 and SF6 concentrations were determined to 

be further subtracted from cannisters collections, thereby assuring the determination of steers 

emissions exclusively. For this purpose, identical collection sets as used for steers were placed on 

the north, south, east, and west corners of feedlot pens where steers were allocated. The final CH4 

analysis considered steers with at least, nonconsecutive, three days of collection. 

Methane and sulfur hexafluoride analyses  

Gas collected in cannisters after each day of collection were analyzed to determine the 

concentration of CH4 and SF6 using a gas chromatography (Trace 1310 Gas Chromatograph, 

Thermo Scientific, Waltham, MA). A Flame ionization detector (250˚ C) and a capillary column 

were used to determine CH4 (J&W PoraBOND Q GC Column, 7-inch cage, Agilent 

Technologies, Santa Clara, CA) while an electron capture detector (350°C) and a capillary 

column were used to determine SF6 (J&W GC packed column in stainless steel tubing, length (2 

M), 3.175 mm OD, 2 mm ID, Hayesep D packing, mesh size 80/100, pre-conditioned, Agilent 

Technologies). The temperature of the injector and column was 80°C and 200°C, respectively.   

CH4 emissions were calculated based on the SF6 tracer gas collected by canisters, following the 

equation below: 

QCH4 = QSF6 × ([CH4]γ – [CH4]β) ÷ ([SF6]γ – [SF6]β) 

where QCH4 = CH4 emissions per steer (g/d), QSF6 = SF6 release rate (mg/d), [CH4]γ = 

concentration of CH4 in the steers collection canister, [CH4]β = concentration of CH4 in the 

environmental canisters, [SF6]γ = concentration of SF6 in the steers collection canister, and [SF6]β 

= concentration of SF6 in the ambient collection canister. 

Laboratorial Analyses 

 

Except for samples that were dehydrated for the measurement of DMI, all remaining 

samples were submitted to a dehydration process during 72 h (55˚C) in a forced air oven before 
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laboratorial analyses. A Wiley Mill (Thomas Scientific, Swedesboro, NJ) was used to grind all 

samples to 2 mm. Samples were adjusted to laboratorial dry matter at 100°C for 4 h according to 

method 950.01 (AOAC, 1990). Ash process was performed accordingly to method 942.05 

(AOAC, 2005), the residue of this process (4 h on oven at 600°C) was subtracted from initial 

weight to calculate organic matter. Neutral and acid detergent fiber analysis were performed in 

sequence (Ankon, 200, Macedon, NY), NDF procedure included heat-stable amylase, sodium 

sulfite, and acetone rinse (Van Soest et al., 1991). 

Statistical Analysis 

 

Data were analyzed by utilizing the MIXED procedures of SAS (SAS Inst., Inc., Cary, 

NC) with steers considered the experimental unit in a randomized complete block design. 

Repeated measures were used to analyze apparent total tract digestibility of nutrients and methane 

emissions. Treatment, periods (3), and their interaction were considered fixed, while BW block 

was used as random effect. The covariance structures used for repeated measures were selected 

based on the lesser Akaike Information Criterion. Growth performance, and carcass 

characteristics used the fixed effect of treatment and the random effect of BW block. Carcass data 

(USDA Quality Grade and liver scores) used the same model as aforementioned, but using non-

Gaussian distribution (binomial), so the inverse link function was used for covert values back to 

averages reported on result tables. Kenward Rogers was used to adjust degree of freedom bias. 

Significant differences were considered when P ≤ 0.05 and tendencies discussed when P > 0.05 

and ≤ 0.10. 

Results  

Growth and performance date are outlined in Table 2.2. When nutritional packet was 

offered, final unshrunk body weight and, unshrunk average daily gain tended (P ≤ 0.07) to be 

increased. Dietary treatment increased ADG (P ≤ 0.01) in time intervals of 0-50 and 35-50 and 

decreased (P = 0.03) DMI on 54-65. A tendency (P = 0.07) to decreased DMI during days 28-35 
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was observed when the nutritional packet was offered. Feed efficiency on days 0-65 (unshrunk), 

35-50, 0-50 and 0-65 was greater for steers offered the nutritional packet. While a tendency was 

observed for feed efficiency to be increased on days 54-65, 0-65 (industry shrink 4%, overall DP) 

and 0-65 (measured shrink, overall DP) when the nutritional packet was offered.  

Carcass characteristics are outlined in Table 2.3. The HCW (average = 373 kg), dressing 

percent (average = 62 %), 12th rib fat thickness (average = 11 mm), marbling score (average = 

471), and quality grade (P ≥ 0.42) were not affected by treatment. The longissimus muscle area 

tended (P = 0.09) to numerically decrease, while the calculated yield grade numerically (P = 

0.09) increased when steers were offered the nutritional packet.  

During the digestibility assessments the intake of DM, OM and ADF were not affected 

by dietary treatment (P ≤ 0.48) while NDF intake was greater (P = 0.05) when the nutritional 

packet was offered (Table 2.4). Apparent total tract digestibility is represented by Figure 2.1. A 

treatment × period interaction was observed, in which an increased digestibility of DM (P = 

0.01), OM (P = 0.01), and ADF (P = 0.02), and a tendency for NDF (P = 0.06) were observed 

when steers were offered the nutritional packet during period 3.  

 Within feeding behavior assessed using accelerometer tags, dietary treatments did not 

affect time spent ruminating (P = 0.92), eating (P = 0.19), chewing (P = 0.45), and same activities 

calculated in min/kg of intake (P ≥ 0.12; Table 2.5). No treatment × period interactions were 

observed (P ≥ 0.32) for meal frequency, duration (min/meal), and intake (kg/meal). Steers offered 

the nutritional packet had greater overall meal duration during periods 1 and 3 (75 and 77 min/d; 

P < 0.01), but did not differ (68 min/d; P = 0.09) for period 2 (Control average = 55 min/d). 

Steers offered the nutritional packet had greater (P ≤ 0.01) meal frequency (20 vs. 16 meals/d), 

while individual meal duration (3.85 min/meal) and meal intake (0.46 kg/meal) were not affected 

by treatments (P > 0.86; Table 2.6).  



Texas Tech University, Kaue T Nardi, May 2022 

86 

 

 Methane emissions are outlined in Table 2.7, methane emission in g/kg of NDF intake (P 

= 0.01) and in g/kg of digestible NDF intake (P = 0.02) were decreased when steers were offered 

the nutritional packet because of a greater NDF digestibility. 

Discussion 

 The objective of current experiment was to evaluate the effects of a nutritional packet 

containing Saccharomyces cerevisiae, vitamin C, vitamin B1 and electrolytes (NaCl and KCl) on 

growth and performance, carcass characteristics, nutrient digestion, methane emissions, and 

feeding behavior of feedlot steers under intensive management offered a steam-flaked corn-based 

finishing diet.  

 Within growth performance, a tendency to an increased final body weight by 15 kg when 

the nutritional packet was offered corroborates with the results of Valdés-García et al. (2011). 

Authors reported a tendency to heavier final live weight when chromium-enriched live yeast 

supplemented compared to control by 11.6 kg in feedlot finishing heifers. On the same research, 

authors observed a tendency to an increased ADG, G:F, when chromium-enriched live yeast was 

compared to control. Although, when increasing doses of chromium-enriched live yeasts (5.5 × 

1010, 1.10 × 1011 and 1.65 × 1011 CFU/head) were offered to animals a linear increase was 

observed for final BW, ADG and, G:F. Valdés-García et al. (2011) observed a tendency to an 

enhanced performance when live yeast based supplement was offered to animals corroborating 

with current trial findings and, greater responses in performance variables (final BW, ADG and 

G:F) with 1.65 × 1011 CFU/head. Other studies evaluating the effects of live yeast feedlot 

finishing steers fed within a natural program (Ovinge et al., 2018) or within a heat stress situation 

Lockard et al. (2020) did not report meaningful improvements in such variables. Confounding 

outcomes when live yeasts are offered to feedlot finishing cattle can be observed in literature 

(Valdés-García et al., 2011; Magrin et al., 2018; Ovinge et al., 2018; Lockard et al., 2020).  
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Even though cattle have a buffering capacity, handling can affect the electrolyte balance 

through loss of salt in sweat and consequent dehydration (Schaefer et al., 1990), suggesting that 

electrolytes supplementation could have been beneficial to the maintenance of body homeostasis. 

Pre-transport electrolyte treatment increased hot carcass yield by 2.3% and, 6.0% of  bulls (Scott 

et al., 1993) and steers + heifers (Jacobsen et al., 1993) respectively. Perhaps the electrolytes 

effect on cattle under intensive management in the current trial could have helped animals recover 

from dehydration in body tissues, what represents loss of water and consequently weight, caused 

by handling, sustaining greater gain when compared to control cattle, especially towards the last 

days on feed. Electrolytes effect can also explain the tendency for increased body weight when 

the packet was offered due to enhanced weight deposition evidenced by greater ADG.  

Greater ADG during the first 50 days and, a tendency for greater ADG for the whole 65-d 

period were observed in current trial. Although, more intense response happened on the last 25 

days on feed, steers offered the nutritional packet had substantial greater rate of gain compared to 

the control treatment. Current trial apparent total tract nutrient digestibility of OM, DM, NDF and 

ADF apparent total tract nutrient digestibility during period 3 provides evidence of an enhanced 

digestion and energy absorption from diet when the nutritional packet was offered during final 

phase, corroborating with the results from Ovinge et al. (2018). Although current trial did not 

measure alcohol production, it is know that live yeast can produce it in the rumen as an end 

product (Chaucheyras-Durand et al., 2012). Alcohol can be used by ruminants as an energy 

source as described by Kristensen et al. (2007), perhaps contributing for greater energy 

absorption from the diets when the packet was offered to steers. Other than live yeasts, the 

nutritional packet contained extra nutritional technologies that could have had positive effects 

towards the performance of cattle. 

Vitamin C is known to protect cells against oxidative stress, maintaining them healthy 

(Frei et al., 1989). Decreased circulation of vitamin C in cattle plasma is observed during the 

fattening phase due to the oxidative character of fat, that consumes such vitamin (Matsui, 2012). 
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During such phase free fatty acids, which are oxidizing, have increased circulation in the 

bloodstream due to constant storing and releasing by the fat depots (Ebbert and Jensen, 2013). 

Knight et al. (1941) stated that ruminal microorganisms are the major sink of ascorbic acid 

(vitamin C) once it is present in the rumen, reducing the absorption of such vitamin by the 

animal. Although, when supplemented to cattle, increased plasma levels of vitamin C can be 

observed (Pogge and Hansen, 2013). Perhaps the positive effects of such vitamin for the 

nutritional packet offered steers had a benefit on health and consequently performance.  

Perhaps vitamin B1 can also be linked to the positive effects observed. As it is degraded 

by thiaminases on rumen especially when high grain diets are fed (Candeau and Kone, 1980), 

extra thiamin entering the rumen could have influenced greater microbial population and 

enhancing digestion. During microbial multiplication, thiamin is essential because ThDP (thiamin 

diphosphate) acts on the pentose phosphate cycle in the transketolase reaction which produces 

pentoses. Pentoses are required to produce nucleotides, and nucleotides are required for cell 

division and hence microbial population increase (Koike and Koike, 1982; Gubler, 1984). What 

can consequently increase microbial crude protein, although it was not measured in current trial. 

Thiamin supplementation has been also shown to reduce damage on ruminal papillae cells caused 

by subacute ruminal acidosis when high grain diets were fed; therefore, enhancing nutrient 

absorption and decreasing the chance of inflammatory compounds entering the bloodstream from 

the rumen through ruminal papillae (Zhang et al., 2020).  

The increased G:F when the nutritional packet was offered can be explained by the 

enhanced ADG while a decreased dry matter intake was reported. Contrasting outcomes in 

literature when live yeast was supplemented can be observed for DMI. Desnoyers et al. (2009) 

reported increased DMI for dairy cows in a meta-analysis, and Magrin et al. (2018) in a study 

with feedlot finishing bulls. On the other hand, Valdés-García et al. (2011) and Rodrigues et al. 

(2013) reported decreased DMI for feedlot steers, while Crossland et al. (2018) also reported 

decreased DMI for feedlot steers under heat-stressing conditions offered live yeast. During the 
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digestibility assessments, DMI was not affected by dietary treatments. Although not affected, 

numerically greater DMI, along with greater NDF digestibility, when the packet was offered 

influenced greater NDF intake. 

Steers offered the nutritional packet showed greater carcass fat deposition, evidenced by 

greater calculated yield grade that considers various fat depots in the carcass. Literature findings 

on enhanced fat deposition when live yeast is offered is a commonly reported  and corroborates 

with current results. Magrin et al. (2018) observed that bulls tended to reduce days to reach 

optimal finishing status (according to SEUROP grading scheme) when offered yeast based 

supplement (1 × 1010 CFU/bull-daily). Ovinge et al. (2018) observed increased percentage of 

premium choice carcasses with increasing doses of live yeast (low yeast: 3 × 1010 and high yeast: 

6 × 1010 CFU/steer-daily). As demonstrated by Kawada et al. (1990), vitamin C can stimulate the 

differentiation of pre-adipocytes into adipocytes therefore contributing to the fattening process, 

what could have induced greater fat deposition in current trial. 

Within feeding behavior traits assessed using accelerometer tags, no differences were 

observed when dietary treatment was applied, what corroborates with (Ovinge et al., 2018). We 

hypothesized that the effect of CH4 collection set (halters and canisters) combined with the 

intensive management might have hidden behavioral responses to dietary treatment. Although, 

effect of dietary treatment on feeding behavior data calculated using MCC through Smartfeed™ 

system was observed. Improved meal frequency and time spent eating observed in current trial, 

with no effect on intake, when the nutritional packet was offered can perhaps assure better acid-

base balance control. According to González et al. (2012) a wider distribution of the intake in a 

day, as observed in current trial, leads to synchronized time between bouts, more time for 

absorption and passage of acids in the rumen; therefore, enhancing buffering through rumination 

and decreasing the risk of acidosis. Moreover, Crossland et al. (2019) also evaluating the effects 

of S. cerevisiae (6 × 1010 CFU/steer-daily) in feedlot steers reported no effect on meal frequency 
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and meal time. Other than live yeast, the effects of vitamin C, B1 and electrolytes on cattle 

feeding behavior is yet to be elucidated.  

The emissions of CH4 per steer (g/day; g/BW0.75) were not affected by dietary treatment 

in current trial. In a review of CH4 mitigation strategies, Hristov et al. (2013) stated that S. 

cerevisiae has the potential to decrease emissions, by increasing animal productivity and feed 

efficiency. In an in vitro study, Lila et al. (2004) reported reduced CH4 emission when S. 

cerevisiae was added to fermenters containing a hay plus concentrate diet. Authors attributed 

such effect to the greater consumption of metabolic hydrogen by acetogenic bacteria to produce 

acetate; therefore, reducing substrate (H2) required for CH4 production. This fact was also 

reported by Chaucheyras et al. (1995). Martin and Nisbet, (1992) correlated shifts into VFA 

profile, yielding more propionate, which results in less residual H2 to less CH4 production. 

Current trial did not measure VFA profile, although greater proprionate:acetate ratio has been 

reported when S. cerevisiae was fed (Chung et al., 2011; Magrin et al., 2018). Results on 

decreased CH4 emissions when live yeast is supplemented are also present in literature, but not 

consistently. Newbold and Rode, (2006) discussed that such confounding outcomes are due to 

different yeast strains and diets. Even though total CH4 was not affected, the production of such 

gas per kg of digestible NDF intake decreased when the nutritional packet was offered due to 

increased NDF digestibility which diluted total CH4 emission when calculated over such fiber 

fraction.  

Conclusions 

Intensively managed steers offered the nutritional packet showed an improved growth 

performance and nutrient digestibility towards the final days of feeding without negatively 

affecting carcass characteristics and feeding behavior. Improved meal frequency and overall time 

spent eating, without affecting intake, may induce a more desirable daily distribution of nutrients. 
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Methane emission was reduced per unit of fiber and digestible fiber consumed when dietary 

treatment was offered.  
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Table 2.1 Dietary ingredients and nutritional composition of a steam-flaked corn-based finishing diet offered to feedlot beef steers under 
intensive management 

Item Control Nutritional Packet
1
 

Inclusion, DM % basis   

Corn grain. Steam Flaked 65.03 65.03 

Wet corn gluten feed 20.0 20.0 

Low-quality Alfalfa hay 8.0 8.0 

Yellow grease 3.0 3.0 

Mineral and vitamin supplement2 2.0 2.0 

Limestone 1.60 1.60 

Nutritional Packet Premix TEST3 or ground corn 0.87 0.85 

Urea 0.37 0.37 

Analyzed Nutritional Composition   

Crude protein, % 15.03 14.43 

Acid detergent fiber, %  9.11 8.90 

Neutral detergent fiber, %  19.37 18.78 

Crude fat, % 5.86 5.84 

Total digestible nutrients, %  89.50 89.63 

Digestible energy, Mcal/kg 3.95 3.96 

NEm, Mcal/kg4 2.56 2.96 

NEg, Mcal/kg4 1.84 2.19 

Calcium, %  0.99 0.91 

Phosphorus, %  0.46 0.47 

Magnesium, %  0.24 0.25 

Potassium, % 0.97 0.97 

Sulfur, %  0.20 0.20 

Sodium, %  0.17 0.18 

Chloride, %  0.39 0.42 
1 The nutritional packet used ground corn as a carrier and was designed to provide: 1.7 × 1010 CFU/steer-daily of Saccharomyces cerevisiae, 162 
mg/steer-daily of Vitamin C; 400 mg/steer-daily of Vitamin B1; 2.4 g/steer-daily of NaCl, and 2.4 g/steer-daily of KCl. 
2 Supplement contained (DM basis) 67.7538% carrier (cottonseed meal), 0.5% antioxidant (Endox; Kemin Industries, Inc., Des Moines, IA), 3.76% 

urea, 10% potassium chloride, 15% sodium chloride, 0.0022% cobalt carbonate, 0.1965% copper sulfate, 0.0833% iron sulfate, 0.0031% 

ethylenediamine dihydroiodide, 0.167% manganous oxide, 0.125%, 0.9859% zinc sulfate, 0.0099% vitamin A (1,000,000 IU/g), and 0.157% 
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vitamin E (500IU/g) and provided (dietary) 30 mg/kg of monensin (0.75% Rumensin-90 in supplement; Elanco Animal Health, 
Indianapolis, IN) and 9 mg/kg of tylosin (0.5063% Tylan-40 in supplement; Elanco Animal Health). 
3 Premix contained the following: finely-ground corn for the control diet, and 34.45% of Nutritional Packet (Vigaly, USA) for the 30 g 

DM per steer-daily (finely-ground corn was used as the carrier for the premix). 
4 Calculated from growth performance data.  
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Table 2.2 Effects of a nutritional packet on growth performance of beef steers under intensive management offered a steam-flaked corn-based 
finishing diet  

Item Control 
Nutritional 

Packet
1
 

SEM
2
 P-value 

Initial BW, kg  542 542 8.4 0.86 

Final unshrunk BW, kg 598 613 10.8 0.07 

Adj. FSBW, kg (4%)3 575 587 11.2 0.18 

Adj. FSBW, kg (measured shrink)4 584 596 11.4 0.18 

Adj. FSBW, kg (measured shrink, trt DP)5 582 597 11.4 0.10 

ADG, kg     

     Day 0-7 -0.30 0.19 0.301 0.25 

     Day 7-14 -0.93 -1.04 0.369 0.83 

     Day 0-14 -0.62 -0.42 0.288 0.64 

     Day 14-28 2.54 2.75 0.317 0.60 

     Day 0-28 0.96 1.17 0.146 0.28 

     Day 28-35 -0.86 -1.77 0.485 0.16 

     Day 0-35 0.60 0.58 0.125 0.92 

     Day 35-50 0.84 2.13 0.196 <0.01 

     Day 0-50 0.67 1.04 0.090 <0.01 

     Day 54-65 1.73 2.12 0.230 0.26 

     Day 0-65 0.86 1.09 0.083 0.06 

     Adj. 0-65 (4%)3 0.51 0.69 0.084 0.13 

     Adj. 0-65 (measured shrink)4 0.64 0.83 0.086 0.13 

     Adj. 0-65 (measured shrink, trt DP)5 0.61 0.85 0.086 0.06 

DMI, kg/d     

     Day 0-7 6.33 6.34 0.300 0.96 

     Day 7-14 5.44 5.45 0.309 0.98 

     Day 0-14 5.88 5.89 0.285 0.97 
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     Day 14-28 6.99 6.91 0.308 0.75 

     Day 0-28 6.44 6.40 0.271 0.90 

     Day 28-35 6.71 5.81 0.351 0.07 

     Day 0-35 6.49 6.28 0.277 0.49 

     Day 35-50 6.33 6.64 0.302 0.44 

     Day 0-50 6.44 6.39 0.267 0.87 

     Day 54-65 6.83 6.08 0.340 0.03 

     Day 0-65 6.48 6.33 0.261 0.61 

Gain:Feed     

     Day 0-7 -0.050 0.027 0.0479 0.27 

     Day 7-14 -0.202 0.254 0.0813 0.65 

     Day 0-14 -0.118 -0.097 0.0542 0.78 

     Day 14-28 0.345 0.402 0.0530 0.46 

     Day 0-28 0.145 0.181 0.0237 0.23 

     Day 28-35 -0.150 -0.354 0.0859 0.10 

     Day 0-35 0.090 0.085 0.0170 0.83 

     Day 35-50 0.132 0.337 0.0380 <0.01 

     Day 0-50 0.102 0.165 0.0136 <0.01 

     Day 54-65 0.254 0.346 0.0328 0.06 

     Day 0-65 0.132 0.171 0.0099 <0.01 

     Adj. 0-65 (4%)3 0.078 0.108 0.0121 0.09 

     Adj. 0-65 (measured shrink)4 0.098 0.129 0.0123 0.08 

     Adj. 0-65 (measured shrink, trt DP)5 0.094 0.133 0.0123 0.04 
1 The nutritional packet was designed to provide: 1.7 × 1010 CFU/steer-daily of Saccharomyces cerevisiae, 162 mg/steer-daily of Vitamin C; 400 mg/steer-daily of Vitamin B1; 2.4 g/steer-daily of 

NaCl, and 2.4 g/steer-daily of KCl. 
2 Standard error of the mean (n = 15 steers/treatment). 
3 Carcass adjusted final body weight calculated as HCW divided by overall dressing percent, then multiplied by a common shrink (4%). 
4 Carcass adjusted final body weight calculated as HCW divided by the overall dressing percent, then multiplied by shrink measured by truck net weights (Control & N. Packet = 2.61%). 
5 Carcass adjusted final body weight calculated as HCW divided by dressing percent of each treatment (Control = 61.83 and N. Packet = 61.53), then multiplied by shrink measured by truck net 

weights (Control & N. Packet = 2.61%).            
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Table 2.3 Effects of a nutritional packet on carcass characteristics and carcass quality of beef steers under intensive management offered a steam-
flaked corn-based finishing diet 

Item Control Nutritional Packet
1
 SEM

2
 P-value 

Hot carcass weight, kg 369.65 377.27 7.211 0.18 

Dressing percent3 61.83 61.53 0.432 0.62 

12th rib fat, mm 10.43 12.53 1.236 0.24 

LM area, cm2 94.62 90.71 1.916 0.09 

Marbling score4 464 477 25.3 0.72 

Calculated yield grade 2.43 2.89 0.176 0.03 

Quality Grade (%)     

Prime - - - - 

Choice 60.2 73.7 13.49 0.44 

Select 33.3 19.9 12.43 0.42 
1 The nutritional packet was designed to provide: 1.7 × 1010 CFU/steer-daily of Saccharomyces cerevisiae, 162 mg/steer-daily of Vitamin C; 400 mg/steer-
daily of Vitamin B1; 2.4 g/steer-daily of NaCl, and 2.4 g/steer-daily of KCl. 
2 Standard error of the mean (n = 15 steers/treatment). 
3 Dressing percent calculated as HCW divided by unshrunk final BW. 
4 300 = slight; 400 = small; 500 = modest; 600 = moderate; 700 = slightly abundant. 
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Table 2.4 Effects of a nutritional packet on nutrient intake during the digestibility assessment of beef steers under intensive management offered a 

steam-flaked corn-based finishing diet 

 

 

 

 

 

 

 

 

 

 

  Treatment   P-value 

Item, kg  Control 
Nutritional 

Packet
1
 

SEM
2
 TRT PER TRT × PER 

DM 5.51 5.60 0.699 0.79 0.25 0.15 

OM 5.23 5.25 0.657 0.97 0.22 0.16 

NDF 0.97 1.10 0.133 0.05 0.02 0.13 

ADF 0.41 0.43 0.054 0.48 0.30 0.24 
1 The nutritional packet was designed to provide: 1.7 × 1010 CFU/steer-daily of Saccharomyces cerevisiae, 162 mg/steer-daily of Vitamin C; 400 

mg/steer-daily of Vitamin B1; 2.4 g/steer-daily of NaCl, and 2.4 g/steer-daily of KCl. 
2 Standard error of the mean (n = 15 steers/treatment). 
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Table 2.5 Effects of a nutritional packet on feeding behavior of beef steers under intensive management offered a steam-flaked corn-based 
finishing diet 

Item Control Nutritional Packet
1
 SEM

2
 P-value 

Time, min/day     

Ruminating 133 135 12.3 0.92 

Eating  40 54 7.7 0.19 

Chewing3 174 189 16.2 0.45 

Rumination, min/kg of intake     

DM 21 23 2.2 0.57 

OM 23 25 2.5 0.62 

NDF 125 119 12.8 0.74 

ADF 297 306 31.9 0.82 

Eating, min/kg of intake     

DM 6 9 1.3 0.12 

OM 7 10 1.5 0.18 

NDF 38 47 7.3 0.34 

ADF 90 121 18.3 0.23 

Chewing, min/kg of intake3     

DM 28 32 3.0 0.24 

OM 30 35 3.4 0.32 

NDF 163 167 17.2 0.83 

ADF 387 428 42.9 0.45 
1 The nutritional packet was designed to provide: 1.7 × 1010 CFU/steer-daily of Saccharomyces cerevisiae, 162 mg/animal-daily of Vitamin C; 400 mg/animal-

daily of Vitamin B1; 2.4 g/animal-daily of NaCl, and 2.4 g/animal-daily of KCl). 
2 Standard error of the mean (n = 15 steers/treatment). 
3 Chewing activity calculated by adding time spent eating and total time spent ruminating. 
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Table 2.6 Effects of a nutritional packet on feeding behavior based on Meal Criterion Calculation of beef steers under intensive management 

offered a steam-flaked corn-based finishing diet 

   period 1 period 2 period 3  P-value 

Item Control  N. Packet1 Control  N. Packet1 Control  N. Packet1 Control  N. Packet1 SEM2 TRT PER TRT × PER 

Meal frequency, meals/d 15.73 20.13 17.16bc 21.44a 15.60dc 18.96bc 14.43d 20.00ab 1.083 0.01 0.02 0.32 

Total meal duration, min/d 55.21 73.37 56.79bc 75.01a 54.47c 68.04b 54.38c 77.05a 3.365 0.00 0.04 0.09 

Meal duration, min/meal 3.90 3.83 3.63b 3.68ab 3.79ab 3.68ab 4.26a 4.14ab 0.246 0.86 0.01 0.86 

Meal intake, kg/meal 0.46 0.45 0.38b 0.39ab 0.51a 0.49ab 0.49ab 0.48ab 0.037 0.88 0.00 0.80 

1 The nutritional packet was designed to provide: 1.7 CFU/steer-daily of Saccharomyces cerevisiae, 162 mg/steer-daily of Vitamin C; 400 mg/steer-daily of Vitamin B1; 2.4 
g/steer-daily of NaCl, and 2.4 g/steer-daily of KCl.                                                                                                               
2 Standard error of the mean (n = 15 steers/treatment).                                                                                                                                                                                                                                                                                        

3 Mean values with different letters differed significantly (P < 0.05).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
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Table 2.7 Effects of a nutritional packet on methane production per nutrient intake and digestible intake of beef steers under intensive 

management offered a steam-flaked corn-based finishing diet 

 Treatment  P-value 

Item  Control Nutritional 

Packet
1
 

SEM
2
 Treatment Period Treatment × Period 

CH4, g/day 116.52 109.19 8.904 0.29 0.37 0.27 

CH4, g/BW0.75 1.01 0.95 0.071 0.25 0.16 0.20 

CH4, g/kg DM intake 19.68 18.93 21.870 0.63 0.11 0.82 

CH4, g/kg OM intake 20.73 20.18 2.132 0.74 0.01 0.82 

CH4, g/kg NDF intake 111.65 97.87 10.682 0.01 0.06 0.90 

CH4, g/kg ADF intake 263.93 247.92 26.309 0.44 0.60 0.66 

CH4, g/kg Dig. DM 23.13 22.44 2.270 0.69 0.13 0.75 

CH4, g/kg Dig. OM 23.49 23.02 2.301 0.79 0.09 0.74 

CH4, g/kg Dig. NDF 175.67 146.38 15.945 0.02 0.02 0.68 

CH4, g/kg Dig. ADF 596.48 507.64 125.81 0.36 0.24 0.20 

1 The nutritional packet was designed to provide: 1.7 × 1010 CFU/steer-daily of Saccharomyces cerevisiae, 162 mg/steer-daily of Vitamin C; 400 mg/steer-

daily of Vitamin B1; 2.4 g/steer-daily of NaCl, and 2.4 g/steer-daily of KCl. 
2 Standard error of the mean (n = 15 steers/treatment). 
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Figure 2.1 Effects of nutritional packet on apparent total tract nutrient digestibility of beef steers 
under intensive management offered a steam-flaked corn-based finishing diet. An interaction 

treatment × period was observed (P ≤ 0.02), in which an increased digestibility of DM (P = 0.01), 

OM (P = 0.01), and ADF (P = 0.02), and a tendency for NDF (P = 0.06) were observed when 

steers were offered the nutritional packet. 


