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A feedlot study was conducted to evaluate the effects of replacing steam-flaked corn
(SFC) with steam-flaked rye (SFR) in the diets of yearling steers (Exp. 1). A separate study was
conducted to evaluate the effects of three different administration techniques of Megasphaera
elsdenii NCIMB 41125 on rumen fermentation and blood parameters in an acidosis challenge
model (Exp. 2). In Exp. 1, SFC was replaced with SFR to create four different treatments, each
differing in the ratio of SFC:SFR. The four treatments were 0:100, 25:75, 50:50, and 100:0
SFR:SFC (as a percentage of the grain inclusion). Increasing inclusions of SFR resulted in
linearly decreased final body weight, DMI, ADG, and HCW. As a result, feed efficiency was
poorer as rye replaced corn. Carcass characteristics reflected lower gains with linear decreases in
marbling score, longissimus muscle area, and backfat thickness. Based on dietary energy
calculated from performance, SFR has approximately 92% the energy value of SFC. Steamflaked rye can completely replace SFC in finishing diets. However, animal performance will
decline which will result in lower HCW and carcass quality. Additionally, high levels of rye in
the diet could create increased potential for acidosis or ergot toxicity. In Exp. 2, an acidosis
challenge experiment was conducted in which 3 different administration techniques of
Megasphaera elsdenii NCIMB 41125 (M.e.) were evaluated against a control. Treatments
consisted of a control group which received no M.e. (CON), a group which received 1.0 × 1010

CFU of M.e. 4 days before to the acidosis challenge (COMM-4), a group which received 1.0 ×
1010 CFU of M.e. one day before to the challenge (COMM), and a group which received 1.0 ×
1011 CFU of M.e. one day before to the challenge (10X). No treatment effects were found for
DMI, rumination time, or average rumen pH. COMM-4 steers maintained higher minimum and
maximum rumen pH. Differing trends were found for pH variance and magnitude through the
duration of the experiment. Mixed results were found for volatile fatty acid concentrations, with
COMM having the highest total VFA concentration, CON and 10X the lowest, and COMM-4
intermediate. The COMM-4 treatment also had greater blood lactate and decreased blood pH
during the recovery period. During the challenge period, treated groups had higher monocyte
counts and the 10X group showed higher levels of TNF-α compared to all other treatments. In
conclusion, treating steers with M.e. four days before to an acidosis event has the potential to
maintain rumen pH without affecting DMI or rumination time.
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Introduction
Feeding processed grains in cattle diets has been popular for many years and continues to
be the main practice for finishing cattle. The need to feed an increasing number of people has
become a global concern. Producers need to seek new ways to increase efficiency when feeding
cattle. While processing grains is not a new concept, we are continually trying to better
understand the effects of these processing methods on the rumen environment. However, while
cereal grains provide an economical source of highly digestible nutrients, they can also cause
concerns for acidosis when processed intensely.
Digestive problems are the second most common ailment among feedlot cattle and were
responsible for the death of approximately 648,000 head of cattle in 2006 with an economic
impact of roughly 367.4 million dollars (National Agricultural Statistics Service, U.S.
Department of Agriculture, 2006). However, these losses are often challenging to measure
because diagnosing digestive issues is often difficult in large pen settings and production losses
may be hard to accurately quantify. Considerable efforts to establish strategies to prevent or treat
acidosis have been ongoing. There has been interest in developing a direct fed microbial product
(DFM) using the lactate-utilization properties of the rumen native bacteria Megasphaera elsdenii
as a prevention strategy for acidosis. As these products become available in the market, research
is needed to determine their effect on the rumen environment as well as any other changes in
metabolism related to these products.
Although corn is by far the most popular grain source used for feedlot diets in the U.S.
(Samuelson et. al., 2016), some climates are not suited to grow corn and exploration of alternative
grains in ruminant nutrition is justified (Rajtar et al., 2020b). Historically, rye has not been a
popular feed in feedlot diets in the U.S. due to high risk of ergot toxicity (Sharma et al., 1981).
However, as more farmers begin to utilize newly released hybrid rye varieties with less ergot risk,
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more research is needed to determine the effects of feeding rye in finishing diets as well as
determining its net energy value relative to corn.
Chapter I. Review of the Literature
Starch Utilization in Ruminants
Cereal grains make-up the largest portion of finishing diets for feedlot cattle.
Carbohydrates from these grains are ruminants’ greatest source of energy. The main components
of the grain kernel are the pericarp, endosperm, and germ. The pericarp, or protective outer coat,
consists of non-starch polysaccharides, protein, cellulose, and some fat. The pericarp is resistant
to microbial degradation and must be broken by either mastication or grain processing for
efficient digestion of the interior portion to occur (McAllister and Chen, 1996). The endosperm
contains primarily starch, protein, and a small amount of fat (Gómez et al., 2016). The starch
granules in the endosperm are integrated in a protein matrix which is different among grain types
and can affect the rate of digestion and availability of these granules, and ultimately change the
rate of fermentation for various grains (McAllister et al., 1993, NASEM, 2016). The germ
consists of the embryo and scutellum, which functions as a nutritive organ for the embryo.
Starch is particularly important to finishing programs, as it is the primary energy source
of these diets. It exists as highly organized granules in which varying amounts of amylose and
amylopectin are held together by hydrogen bonding, forming pseudo-crystals comprised of both
crystalline and amorphous regions (Rooney and Pflugfelder, 1986; Svihus et al., 2005). Amylose
is made up of linear chains of glucose with α-(1,4) linkages while amylopectin is made up of
branched polymers of glucose containing both α-(1,4) and α-(1,6) linkages (Singh et al., 2014).
The crystalline structure of starch granules is mostly comprised of amylopectin and is resistant to
enzymatic attack, while the amorphous region is mostly comprised of amylose and is vulnerable
to enzymatic attack. (Rooney and Pflugfelder, 1986).
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The digestion of starch in ruminants begins as feed is consumed by the animal.
Mechanical degradation of particles can occur by grain processing or by chewing activity during
ingestion and rumination, breaking open the hull and providing access to the endosperm. Saliva is
produced during mastication and contains buffers, mucus, enzymes, and recycled nitrogen all
which aid in the digestion of feeds. Once feed enters the ruminoreticulum, chemical digestion
occurs by several different species of bacteria, protozoa, and fungi in a complicated system.
Attachment and colonization of bacterial species to feed particles is especially important for most
bacterial digestion. Tightly attached and loosely attached bacteria are responsible for threefourths of the fiber, protein, and starch digestion in the rumen (McAllister et al., 1994). The
majority of feed particles will be degraded by rumen bacteria into organic acids which can be
used by other bacteria or absorbed by the animal and used for energy. The degradation of starch
to organic acids in the rumen by these bacteria can be very rapid and increases the potential for
acidotic events to occur. Some bacteria cannot use certain compounds found in the rumen and
will rely strictly on the end products of other bacteria for substrates. This is referred to as cross
feeding and plays a key role in the rumen environment.
Since there are so many different organisms located in the rumen, competition for
substrates is intense. As previously stated, not all bacteria are equipped with a complete array of
digestive enzymes necessary to completely breakdown starch (Huntington, 1997). The integration
of enzymes from different microbial species results in higher bacterial growth and starch being
completely and rapidly fermented. This integration of enzymes has been demonstrated using a
coculture of bacteria containing Selenomas ruminantium, Bacteroides ruminicola, Streptococcus
bovis, and Butyrivibrio fibrisolvens (Cotta 1992, Huntington, 1997). The amylolytic bacteria
typically attach to grain particles and produce enzymes which will hydrolyze the α-(1,4) and α(1,6) glycosidic bonds of amylose and amylopectin (Huntington, 1997). Other types of bacteria
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will break down other feed components, yielding various products which will either be absorbed
by the animal, or utilized by other bacteria.
While the largest portion of starch, fiber, and protein digestion is completed by rumen
bacteria, protozoa and fungi are also important to fermentation in the rumen (Huntington, 1997).
The rumen environment is very diverse with estimates of more than 200 species of bacteria and at
least 100 different species of fungi and protozoa identified using culture-based techniques
(Chaucheyras-Durand and Ossa, 2014). Protozoa and fungi are less abundant in the rumen, but
still have important roles for rumen fermentation. Protozoa are known to ingest starch granules
and store them, thereby decreasing the amount of starch available for rapid degradation by the
amylolytic bacteria (Mendoza et al., 1993). The ingested starch granules are believed to take-up
to 36 h to be completely utilized by the protozoa. It is also hypothesized that protozoa regulate the
population of amylolytic bacteria through predation (Nagaraja et al., 1992). These factors are
believed to reduce the rate of ruminal starch fermentation, thereby regulating pH (Veira et al.,
1983, McAllister and Cheng, 1996). Fungi are believed to create fractures in grain particles which
could enhance bacterial attachment (Huntington, 1997). However, their role in starch degradation
is not fully understood.
Some starch will inevitably escape the rumen and make it to the small intestine. It is
estimated that only 5 to 20% of starch is digested postruminally, with most being digested in the
small intestine (Streeter et al., 1989; Hill et al., 1991; Zinn, 1991). Degradation of starch in the
beef intestine is similar to other species. Secretions of α-amylase from the pancreas will
hydrolyze the amylose and amylopectin to dextrins and linear oligosaccharides.
Oligosaccharidases and disaccharidases along the brush border membrane will further break these
into monosaccharides which can then be absorbed. Due to lower sucrase activity, ruminants rely
heavily on maltase and isomaltase activity in the small intestine (Harmon, 1992).
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It is important to note that starch digestion in the small intestine is more energetically
favorable when compared to rumen fermentation (Owens et al., 1986; Huntington et al., 2006).
However, the capacity of starch digestion in the small intestine is limited (Owens et al., 1986).
Several studies concluded that the primary reason for this limitation is due to a lack of adequate
pancreatic amylase activity in the small intestine (Owens et al., 1986; Hill et al., 1991;
Kreikemeier et al., 1991; Harmon, 1992). Starch digestion in the small intestine is still fairly
complete with feedlot cattle digesting between 65 and 78% of starch supplied to the small
intestine (Huntington, 1997; Owens and Sonderlund, 2006). Aside from the energetic benefit, an
additional advantage to starch digestion in the small intestine over the rumen is the decreased
potential for acidosis as the amylolytic bacteria have decreased access to the starch. Although
ruminants are very effective at digesting and utilizing starch overall, a small amount will
inevitably appear in the feces.
In order to increase the overall utilization of starch by the animal, many cereal grains are
processed in some way to expose the inside of the kernel to rumen bacteria and allow greater
access for intestinal enzymes. Some of these processing methods can allow digestion of 98.8% or
more of the total starch ingested (Huntington, 1997). Differing processing methods can affect
starch flow to the small intestine as well as digestibility in the small intestine and in the rumen
(Huntington, 1997; Owens and Sonderlund, 2006). It is important to understand the effects of
different grain processing methods on starch availability as well as site, extent, and rate of starch
digestion as they relate to energetics and potential to cause acidosis.
Grain Processing and Effects on Digestion and Metabolism
Grain processing has been utilized since the 1800’s and has only increased in popularity
with cattle feeding operations in recent years (Matsushima, 2006). According to a recent survey,
the most popular processing methods for southern U.S. commercial feedlots in 2016 were steamflaking, early-harvest ensiling, and dry rolling (Samuelson et al., 2016). While corn remains the
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most popular grain fed to cattle in large operations, other grains such as wheat, sorghum, and
barley are also infrequently used (Samuelson et al., 2016).
Several studies have found that steam-flaking grains increases the extent of starch
utilization by ruminants extensively and results in a higher total tract digestibility of starch
compared to dry-rolling (Huntington, 1997; Cooper et al., 2002). Steam-flaking begins by
invoking the movement of water and heat into the kernel in the steam chest, causing starch
granules to swell. Then the kernel is passed through hot rollers which shears the swollen starch
granules forming a paste that binds the materials into a flake (Rooney and Pflugfelder, 1986).
Disruption of the starch-protein matrix and gelatinization during this process will result in an
increased rate of digestion as well as the extent of digestion in both the rumen and small intestine.
However, less of the starch will flow into the small intestine, and more will be fermented in the
rumen (Owens and Sonderlund, 2006). This increase in rate and extent of starch digestion can
lead to an increased risk for acidosis due to the larger amount of starch being fermented in the
rumen.
A review by Owens et al. (1986) summarized the effects of grain processing methods on
starch digestion. Steam-flaking corn increases starch digestion in the rumen to 82.8%, compared
to 58.9% for whole corn (as a percent of starch in the diet). In the small intestine, it was estimated
that 15.6% and 12.9% of steam-flaked corn (SFC) and whole corn respectively were digested (as
a percent of starch in the diet). Another factor that can influence starch digestion is the density of
the flake. Theurer et al (1999) showed an increase in ruminal starch digestion as flake density
decreased for sorghum. Zinn (1990) found that decreasing the flake density of SFC resulted in
decreased rumen pH and increase post-ruminal and total tract digestibility of starch. While some
small differences exist between studies on starch digestibility, most have shown an increase in
ruminal and total tract starch digestibility when grain is steam-flaked compared to unprocessed
grain or dry-rolled grain.
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Early-harvest ensiling (high moisture grains) is another processing technique in which
digestibility of the grain is improved. The process begins as grains are harvested usually between
28-32% moisture and are then fermented in an oxygen-controlled storage area such as a pile,
bunker, silo, or bag. It is common for these grains to be rolled or ground before ensiling to
minimize oxygen contamination and to further increase digestibility. Whole grains may also be
stored and ground before feeding. It is a frequent practice to mix high moisture grains with dryrolled or whole grains to spread out starch fermentation over time. Due to the rapid rate of starch
digestion for early ensiled grains, acidosis is a concern when using this method of processing.
Although early harvest ensiled grains are rapidly fermentable in the rumen, different
grain types have varying degrees of ruminal digestibility and rate of digestion. Huntington (1997)
found that the ruminal starch digestibility for high moisture corn (HMC) is approximately 89.9%
(as a percent of intake) compared to 76.2% for dry rolled corn (DRC), while high moisture grain
sorghum is around 73.2% compared to 59.8% for dry rolled sorghum. Cooper et al. (2002) found
that the rate of ruminal starch digestion for HMC was approximately 58% greater than DRC (P <
0.05) and rumen pH had a tendency to be lower in cattle fed HMC versus DRC (P < 0.10).
Several factors can influence the rate and amount of starch digestion when high moisture grains
are used. Characterizing these factors and formulating diets to accompany this increase in rate of
starch digestion is important to reduce the incidence of acidosis.
Dry rolling grains has been popular in beef systems for many years. In this process, dry
grain is pushed between two rollers, breaking the corn into smaller pieces and disrupting the hull.
By increasing the surface area, microbial attachment is increased and consequently, starch
digestion and absorption are increased. Though it is cheaper than steam-flaking, dry rolling grains
does not increase extent or rate of starch digestion to the same extent as steam-flaking.
Huntington (1997) showed that ruminal starch digestibility was 84.8% and 78.4% for steamflaked corn and steam-flaked sorghum respectively (as a percent of intake), while digestibility for
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DRC and dry-rolled grain sorghum (DRGS) was found to be 76.2% and 59.8% respectively.
Cooper et al. (2002) showed a decreased rate of starch digestion (%/h) and 96-hour extent of
starch digestion for dry-rolled corn (DRC) in comparison to SFC or HMC (P < 0.05). Cattle fed
DRC tend to have higher ruminal pH values compared to cattle fed HMC or SFC (P < 0.10).
Overall, rolling grains is an effective way of increasing starch availability and digestibility
without creating a high incidence of acidosis when compared to steam-flaking or early harvest
ensiling.
Overall, grain processing is a beneficial tool to increase the digestibility of grains in cattle
feed. However, with this increase in extent and rate of starch digestion, paired with the change in
site of digestion from the small intestine to the rumen, acidosis has a much higher probability of
occurring when using intense processing methods. Understanding these changes and formulating
diets to account for them is important in decreasing incidence and severity of acidosis for cattle
consuming these processed grains.
Feeding Small Grains
While corn remains the most commonly used cereal grain for cattle feeding in the United
States, there are several other grains which can be economically important for cattle diets.
Besides corn, smaller grains such as wheat, sorghum, and barley are the next most common
grains fed to cattle in the U.S., though other small grains such as rye, and oats can also be utilized
in finishing cattle diets (Samuelson et al., 2016). In the United States, rye for example can be
difficult to find in large quantities at a reasonable price. Additionally, concerns for ergot toxicity,
anti-nutritive compounds, and palatability make it largely unpopular in the feedlot world (Warren
et al., 1963; Sharma et al., 1981). However, new rye hybrids have been developed recently with
higher resistance to ergot and several other agronomic benefits over open-pollinated cultivars,
making it a popular choice for farmers to include into their rotation systems (Grajewski et al.,
2012). Additionally, most of the anti-nutritive compounds in rye are degraded by rumen
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microorganisms (Pieszka et al., 2015). For the further purpose of this review, wheat and rye will
be the primary focus.
Wheat and rye are commonly known for their rapid rate of starch digestion in the rumen.
Wheat and rye also tend to have a higher protein concentration, and lower starch and fat content
than corn (NASEM, 2016). The starch in these grains is more rapidly digested in the rumen than
corn, limiting its use in ruminant diets (McAllister et al., 1990, Krieg et al., 2017). This rapid
digestion could possibly be attributed to differences in the degradation of the starch-protein
matrix of grains like wheat and rye compared to corn. Wheat and rye contain starch-protein
matrixes that are rapidly degraded in the rumen, leading to rapid availability of starch for the
rumen microbes compared to the resistant starch-protein matrix of corn (McAllister et al., 1990;
Seifried et al., 2016). Additionally, rye and wheat have been shown to contain alkylresorcinols.
Alkylresorcinols are secondary plant compounds located between the pericarp and testa, acting as
a barrier against microorganisms (Landberg et al., 2008). The concentration of alkylresorcinols in
these grains could lead to a shift in the microbiota inside the rumen, favoring gram-negative
bacteria through a reduced activity of protozoa (Seifried et al., 2016). Due to the protective
properties of these alkylresorcinols in rye grain, less protection mechanisms are likely used in the
endosperm. Therefore, when the outer layers of the grain kernel are destroyed, such as during
processing, the endosperm can be easily degraded (Seifried et al., 2016). Though there have been
studies conducted to estimate the ruminal degradation of rye and wheat, large variations have
been reported from these studies depending on the cultivar (Seifried et al., 2016; Krieg et al.,
2017). Thus, absolute values for ruminal degradation of starch for these grains are not well
established and will likely vary on a case-by-case scenario.
Due to the lack of data, a recent study investigated the effects of corn grain, openpollinated rye grain, and a hybrid rye grain on ruminal fermentation parameters in sheep (Rajtar
et al., 2020a). A 3 x 3 Latin square design was used with six wether sheep fitted with rumen
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cannulas and duodenal cannulas. All grains were ground to pass through a 4-mm screen. The
authors found that compared to the corn grain, rye had increased crude protein (CP) and neutral
detergent fiber (NDF) but less acid detergent fiber (ADF), starch, and fat. Dry matter intake
(DMI) of the diets did not differ among treatments. The total amount of VFA was also not
affected by treatment. However, rumen pH was affected with the corn grain having increased
average and minimum pH compared to the rye treatments and decreased standard deviation of
ruminal pH. A figure of rumen pH was included in their report. After feeding, a sharp decline in
both rye treatments was observed which continued until about 8 h post feeding, where they
plateau between 6.1 and 6.2 and then begins to increase. The corn treatment also dropped quickly
after feeding but only dropped to approximately 6.3 at 7 hours and then began to increase. Starch
intake was 12-13% greater for the corn treatment compared to both rye treatments. Starch flow to
the duodenum was greater for the corn group than both of the rye groups, as expected (P = 0.01).
No differences for total tract starch digestibility were detected between treatments. The
differences in rate of starch digestion between corn and rye grains was validated in this study with
the rye treatments having lower ruminal pH and more starch digested in the rumen than the corn
treatment. Additionally, the rye grains tended to have increased intestinal digestibility compared
to the corn treatment (P = 0.10). Overall, rye grain starch was more ruminally digestible
compared to corn starch resulting in rumen pH being lower for the rye treatments than the corn
treatment.
A second study by Rajtar et al. (2020b) investigated the effects of different processing
methods of corn and rye on rumen and post rumen digestibility parameters (Rajtar et al., 2020b).
The study used three non-lactating dairy cows with rumen and duodenal cannulas to determine
the ruminal and intestinal digestibility of the different processing methods for the two grains. In
vitro true digestibility was determined using an ANKOM Daisey Incubator. Hybrid rye and corn
grains were either left whole or processed three different ways to create 4 treatments. Grains were
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either crushed (CG), ground to pass through a 4.0 mm sieve (GG4.0), ground to pass through a
1.5 mm sieve (GG1.5) or left whole (WG). The authors found that regardless of processing type,
rye grain had a significantly larger fraction of dry matter (DM) that was immediately degraded in
the rumen than corn (P < 0.01). The rye grain also had a faster rate of rumen degradability of DM
regardless of processing type (P < 0.01). Consequently, the ruminal digestibility of the rye grain
DM was higher than corn irrespective of processing (P < 0.01). Additionally, rye had a greater
intestinal digestibility and total tract digestibility of DM than corn irrespective of processing type
(P < 0.01). The same trends were true for starch and crude protein, with the rye grain having a
higher digestible fraction, rate of rumen fermentation, effective rumen degradability, and total
tract digestibility regardless of processing type (P < 0.01). The researchers noted that the rye
grain was very rapidly fermented in the rumen and only marginally affected by the method of
kernel fragmentation, whereas the corn was affected to a greater extent by processing method.
The conclusion of this study was that rye starch and crude protein were more susceptible to
rumen fermentation than corn. Therefore, rye grain does not need to be processed as extensively
as corn in ruminant diets.
A further study compared microbial colonization on the digestion of several cereal grains
including corn, wheat, barley, and sorghum (McAllister et al., 1990). In this study, grains were
either incubated in the rumen as whole, halved, or quartered kernels. They were incubated in
nylon bags for 2, 4, 8, 12, 24, and 48 hours. The whole grains were nearly indigestible in the
rumen with the highest dry matter disappearance (DMD) being wheat at 23%. Dry matter
disappearance for the halved kernels at 12 hours was highest for wheat (50%), followed by barley
(31%), sorghum (25%), and corn (13%). The same trend occurred for the quartered kernels with
the 12 h incubation values as follows: wheat (60%), barley (51%), and corn (15%) This paper
concluded that breaking the pericarp was necessary for efficient utilization of the grain by the
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rumen. Additionally, wheat has a much more rapid rate of digestion in the rumen than corn grain,
making a concern for acidosis in feedlot cattle.
Another study was performed by Rusche et al. (2020) to evaluate the effects of hybrid rye
on performance and carcass characteristics of finishing steers. In this study, 4 treatments were
evaluated in a completely randomized design with dry rolled rye (Rye) replacing DRC in the diet.
The treatments consisted of rye replacing varying proportions of DRC (DRC:Rye, 60:0, 40:20,
20:40, 0:60 % of diet). Ergot concentration of the rye grain in this experiment averaged 392
mg/kg. They found linear decreases in hot carcass weight (HCW), dry matter intake (DMI), and
G:F as rye replaced corn (P = 0.01). A 4.6% decrease was observed for DMI as rye increased
from 0 to 60% of the diet. HCW decreased 4.4% and G:F decreased 10% when rye completely
replaced corn. They also found linearly decreased longissimus muscle (LM) area as rye increased
in the diet (P = 0.04). Additionally, a quadratic response for marbling score was found with the
two blended grains having highest scores, followed by the 60% DRC group, and the 60% rye
group (P = 0.07). They found no differences between rib fat (P = 0.46) or abscessed liver scores
(P = 0.60). Hybrid rye can be fed to finishing steers successfully, however, performance values
may be decreased compared to cattle fed DRC. Additionally, it was noted that the negative effects
on performance and intake of cattle fed rye could be linked to ergot toxicity, degree of grain
processing, or both.
Through these studies, we see a similar pattern of rapid ruminal digestion of both wheat
and rye when compared to corn. While this may seem to be a negative conclusion for cattle
feeders, there are benefits to these results as well. Less starch will likely appear in the feces and
will ultimately be utilized by the animal or by the microbes in the rumen. Similar to how HMC is
mixed with DRC, wheat and rye can be mixed with slower fermenting grains in order to spread
out the starch available to the rumen at any given time. Additionally, rye and wheat do not need
to be processed as extensively as corn, which will decrease the costs associated with using these
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grains. Rye has been shown to decrease performance and intake of cattle. Whether this is an
acidosis response or a response to ergot toxicity is unclear. More research is needed in this area to
determine the cause of decreased performance in cattle fed rye grain. In conclusion, with the right
diet formulation and processing methods, wheat and rye can be utilized in cattle diets.
Ergot
Ergot is a parasitic fungus of the genus Claviceps and infects many different types of
cereal grains including rye, barley, wheat, and others. Toxic ergot alkaloids are produced inside
the sclerotia of many species of the fungus with the species Claviceps purpurea being the most
prevalent. Ergot has plagued human and animal populations for centuries with outbreaks of ergotinduced disease dating back to the early fourteenth century (Craig et al., 2015). While modern
grain cleaning methods have decreased the risk for human exposure, many livestock species are
at risk for disease due to many of these ergot infested grains ending up in the animal feed pool.
The life cycle of ergot begins as C. purpurea ascospores target the plant’s stigma during
the flowering period in the spring. Once the spore has infected the ovary, it will secrete a sugary
substance referred to as “honeydew” which contains the conidia of the fungus (Miedaner and
Geiger, 2015). This visible sign is the first indication that the plant has been infected (Tudzynski
and Scheffer, 2004). Insects are inevitably attracted to the sweet honeydew substance and will
spread the disease to other plants. The disease can also be spread by farming equipment, contact
directly with other plants, or by precipitation. This honeydew stage will continue until the
sclerotia begins to form.
The sclerotia take approximately four to five weeks to mature and will replace the entire
seed (Miedaner and Geiger, 2015). The sclerotia is the overwintering structure of the fungus and
many of them will end up in the harvested grain while some will be left on the ground after
harvest. Once temperatures rise in the spring, ascospores from the sclerotia are released into the
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air, completing the cycle of infection. However, several days after the plant is fertilized, it will
develop resistance to infection (Miedaner and Geiger, 2015). Therefore, any conditions that
compromise pollination of the plant increase the risk of infection. Thus, years with cold, moist
spring seasons typically produce grains with higher ergot levels (Uppala et al., 2016).
The sclerotia in rye is similar in size to the rye kernels, making it challenging to separate.
This leads to animal feeds that are highly contaminated with ergot. Another problem with ergot is
the lack of predictable levels of alkaloids in the sclerotia. Concentrations of total ergot alkaloids
in sclerotia are variable and can range from 100 to 78,000 ppb in some samples (Gruise et al.,
2018). All ergot alkaloids are comprised of a common tetracyclic ergoline ring. The ergoline ring
is variously substituted on the C-8 carbon to create the various different ergopeptine alkaloids
(Klotz, 2015). This ring structure is similar to the structures of norepinephrine, serotonin, and
dopamine, suggesting a possible interaction at these receptors cites (Gupta et al., 2018).
The main 12 alkaloids produced by Claviceps species are ergotamine, ergometrine,
ergocristine, ergocryptine, ergosine, ergocornine, and their corresponding inine-epimeric forms
(Agriopoulou, 2021). The two forms of each alkaloid differ in terms of toxicity as well as
bioactivity (Crews et al., 2009). The -inine(R) isomers are typically less biologically active than
the -ine(S) isomers (Pierri et al., 1982). In addition, there are often different ratios of these
alkaloids in sclerotia and may depend on the grain type (Gruise et al., 2018). The most notable
alkaloids produced by Claviceps purpurea are ergotamine, ergocristine, ergosine, ergocornine,
ergovaline, and ergocryptine which are known for their ability to cause health problems in
livestock (Riet-Correa et al., 2013). Due to these differences and specific alkaloids of interest,
many countries are attempting to move towards specific alkaloid limits in grains used for
livestock feed.
Ergot alkaloids that end up in livestock feeds can cause several health concerns as well as
production losses. Ruminants are considered generally susceptible to ergot alkaloids due to their
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unknown effects on the rumen microbiome and its functions (Schumann et al., 2007). Acceptable
amount of ergot alkaloids in ruminant diets is not well established. However, upper limits of
1000-2500 mg/kg of diet have been suggested (Schumann et al., 2007). Yet, even at these levels,
negative effects on health and performance of cattle have been documented (Schumann et al.
2008, Foote et. al. 2013, Klotz 2015, Coufal-Majewski et al. 2016).
While limited research has been conducted with cattle on the effects of ergot alkaloids in
small grains such as wheat, rye, and barley, much more research has been completed on
endophyte-infected fescue. While the seeds of fescue grass can be infected by C. purpurea, the
ergot alkaloids related to fescue toxicosis are produced by the endophyte fungus Neotyphodium
coenophialum (Gupta et al., 2018). Several researchers suggest the response to these alkaloids is
similar since many of the symptoms of ergot toxicity and endophyte-infested fescue toxicosis are
comparable (Evans et al., 2004, Evans et al., 2012, Gupta et al., 2018). Ergovaline has been
identified as one of the most abundant alkaloids in endophyte-infected tall fescue (Klotz et al.,
2007). Consequently, most of the research completed has used ergovaline. However, ergovaline
has been shown to produce comparable potency levels to ergotamine which is the most abundant
alkaloid of C. purpurea (Klotz, 2015; Reddy et al., 2020). While many of the other alkaloids
produced by C. purpurea have not been individually investigated, they are suggested to have
similar effects.
While the effects of ergot alkaloids on rumen parameters are not known, some changes to
the microbial community, fermentation of neutral detergent fiber (NDF), the amount of ruminally
degraded protein (RDP), as well as concentrations of isovalerate, propionate, and ammonia
nitrogen in the rumen fluid of cows have been documented (Schumann et al., 2008). The same
study suggested that rumen pH and retention time could potentially affect the absorption of ergot
alkaloids. Influencing different rumen parameters could potentially be a management strategy to
decrease the absorption of ergot alkaloids. However, there is no research directly testing this
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hypothesis. Other studies suggest that the main absorption site of ergot alkaloids in cattle is in the
rumen (Hill et al., 2001). Additionally, absorption is thought to be very efficient in ruminants as
sheep excreted only 5% of the alkaloids fed in their feces (Westendorf et al., 1993).
Four main types of ergot toxicity symptoms have been observed in cattle and consist of
reproductive disturbance, hyperthermia, gangrenous, and nervous system disruption (Rahimabadi
et al., 2022). While reproductive disturbance is not a concern for feedlot cattle, it has been
documented in cows, heifers, ewes, sows, and mares and is believed to be caused by a
combination of factors including decreased prolactin levels and reduced blood flow to the
placenta (Poole and Poole, 2019). Prolactin levels are typically associated with day length and
also have been suggested to affect hair shedding in the spring and summer time in cattle grazing
endophyte-infected tall fescue (Aiken et al., 2011). Cattle grazing endophyte-infected tall fescue
are often observed to have long, shaggy hair coats, even moving into the summer months (Klotz,
2015). These long hair coats can cause heat stress in cattle during warm temperatures, in addition
to hyperthermia directly associated with ergot toxicity (Aiken et al., 2011).
Hyperthermia, or excessively high temperatures of the body, has been observed in cattle
exposed to ergot alkaloids. However, many of the symptoms of ergot alkaloid exposure
correspond to symptoms associated with normal heat stress including increased rectal
temperature, respiration rate, panting scores, and decreased feed intake. Due to this similarity of
symptoms, it is often difficult to distinguish between the effects of ergot alkaloids, and natural
responses to heat. However, one study found that inclusion of ergovaline in the diet resulted in
increased core body temperature in heifers with no equivalent increases in skin temperature (AlHaidary et al., 2011). The absence of a comparable increase in skin temperature implies reduced
blood flow to the peripheral tissues, decreasing the animal’s ability to dissipate heat, and
ultimately leading to hyperthermia. Additionally, observing longer hair coats in the summer
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months can also be a sign of ergot alkaloid exposure and can lead to hyperthermia by preventing
the release of body heat (Aiken et al., 2011).
While high temperatures are thought to be needed to observe hyperthermia, one study
exhibited that cattle subjected to constant sunlight, even when air temperature and humidity were
moderate, developed hyperthermia when exposed to ergot of rye (Bourke, 2003). Others have
speculated that the decreased prolactin or dopamine receptor perturbation could possibly
contribute to the deregulation of the thermoregulatory center, causing hypothermia or
hyperthermia depending on the temperature (Gupta et al., 2018).
While hyperthermia is often seen in the summer months, gangrenous ergotism is seen
most frequently in the winter months or during cold temperatures. Ergot alkaloids are known to
induce vasoconstriction of the peripheral tissues. Vasoconstriction becomes a larger problem in
the colder months because blood flow is naturally reduced to decrease heat loss and divert blood
flow to internal organs. The alkaloids only exacerbate this process and can increase the risk of
frostbite and the death of peripheral tissues in extremely cold temperatures (Klotz, 2015). The
loss of hooves, the distal third of the tail, and ear tips have been documented in severe cases in
cattle (Klotz, 2015, Gupta et al., 2018, Rahimabadi et al., 2022). Additionally, lameness in cattle
has also been observed when exposed to ergot alkaloids, likely due to the reduced blood flow.
Nervous system symptoms associated with ergot alkaloids are the most rare and difficult
to diagnose. A recent study using a mouse model suggested that ergotamine caused changes in
epinephrine levels in the brainstem region and could point to the cause of neurological
dysfunction in animals consuming ergot alkaloids (Reddy et al., 2021). Another recent study
found lesions on the brain of cattle exposed to ergot alkaloids and attribute these lesions to
hypoxia and necrosis in the cerebral cortex (Rahimabadi et al., 2022). Unfortunately, it is difficult
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to identify if the alkaloids are the direct cause of the neurological dysfunction and lesions as there
are many potential causes of these conditions.
While there are many effects of ergot on animal health, the most common effects
observed by cattle producers involve decreased animal performance. Several studies investigating
ergot alkaloids have observed decreased intake, weight gain, and milk yield (Coppock et al, 1989;
Ross et al., 1989; Burfening, 1994; Patterson et al., 1995; Lean, 2001; Bourke, 2003; Naude et al,
2005; Rusche et al., 2020; Rahimabadi et al., 2022). Depressed intake is a common outcome of
ergot alkaloid containing diets. Cattle have been documented to gain from 30% to 100% less on
ergot-alkaloid containing feed compared to cattle consuming an ergot alkaloid-free diet (Patterson
et al., 1995). The cause of these effects is not known. However, some researchers speculate that
decreased blood flow to the rumen could be contributing to these decreases in performance due to
lower nutrient absorption (Foote et al., 2013). Elevated ruminal VFA concentrations in exposed
animals has been observed and researchers suggest this increase is also linked to decreased blood
flow to the rumen epithelium. Additionally, dysfunction of the bodies thermoregulatory system
could be increasing maintenance requirements, causing decreased performance. Another possible
cause of depressed performance could be linked to the interaction of alkaloids with dopamine,
serotonin, and norepinephrine receptors (Gupta et al., 2018).
While there is still a large amount of unknown information regarding ergot alkaloids,
they clearly have negative consequences when fed in animal diets and should be avoided when
possible. Several studies have shown decreased performance in several species when ergot
alkaloids were present in the diet. Even very small amounts of alkaloids have the potential to
cause negative consequences, and more research is needed to better understand why these effects
occur and possible mitigation techniques for grains containing ergot alkaloids.
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Acidosis etiology and importance
Acidosis and other digestive related disorders are a large concern for cattle producers in
the United States. A survey conducted in 2010 estimated that approximately 505,000 head of
cattle were lost to digestive problems in the United States that year (NASS, 2011). This
represented approximately 12.6% of all cattle deaths in the U.S. in 2010. The economic value of
the animals lost was estimated to be around $267 million. However, death caused by digestive
problems is often hard to conclude with a necropsy, especially if the animal has been deceased for
a long period of time. Regardless, digestive disorders are a constant concern, especially for
feedlots in the United States.
Acidosis is defined by Britton and Stock (1989) as “an array of biochemical and
physiological stresses caused by rapid production and absorption of ruminal organic acids and
endotoxins when an animal overconsumes a meal of readily fermentable carbohydrates”. Many
think of acidosis only as a drop in rumen pH below 5.6. While that is a major indicator of ruminal
acidosis, there are many other indicators and side effects such as increased salivation, decreased
feed intake, increased organic acid concentration, and many others. Due to the large number of
changes during times of acidosis, it is very hard to characterize all of these changes and
accurately measure them.
Rumen pH is a very common measure to diagnose acidosis. Factors influencing pH in the
rumen include salivary buffering, absorptive capacity of the rumen, passage rate, organic acid
production, lactic acid accumulation, microbial utilization, and others. It is estimated that 30-50%
of the acid in the rumen is neutralized by salivary buffers (Hernández et al., 2014). While this
salivary buffering can help to maintain rumen pH, its ability to neutralize acids in the rumen can
be overwhelmed by a high production of organic acids. For this reason, the production of organic
acids must be balanced with absorption and microbial utilization. Organic acids produced by
bacteria must be either utilized by other bacteria, absorbed by the animal, or passed into the small
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intestine. If organic acids begin building up in the rumen, their acidic nature will ultimately lower
rumen pH and begin to cause complications. For this reason, passage rate, absorptive capacity of
the rumen, and organic acid production are all related in terms of rumen pH.
It is well known that bacterial fermentation in the rumen produces organic acids. The
largest portion of organic acids produced by bacteria are often referred to as volatile fatty acids
(VFAs). The main VFAs produced in the rumen are acetate (or acetic acid), propionate (propionic
acid), and butyrate (butyric acid) and make up a large portion of the animals energy supply. Other
VFAs such as valerate, isovalerate, and isobutyrate are also produced in smaller amounts. Several
other organic acids can also be produced such as lactate, ethanol, formate, succinate, and others.
However, they are not generally produced in large amounts and are not usually measured.
Volatile fatty acids like acetate, propionate, and butyrate are weak acids with a pKa of around 4.8
(Nagaraja and Titgemeyer, 2007). Lactic acid, however, has a pKa of around 3.8, making it less
protonated than VFAs and giving it a greater potential to decrease rumen pH (Nagaraja and
Titgemeyer, 2007).
Due to acidosis being “a continuum of degrees of ruminal acidity,” it is typically
categorized into either subacute or acute based on several factors (Britton and Stock, 1989). A pH
below 5.6 is generally considered subacute acidosis and less than 5.0 being considered acute
acidosis (Britton and Stock, 1989; Owens et al., 1998). Both subacute and acute acidosis are
believed to be caused by an accumulation of organic acids in the rumen, possibly due to increased
production, decreased absorption, or a combination of the two (Nagaraja and Titgemeyer, 2007).
Additionally, if the rumen epithelium is exposed to acidic conditions for a prolonged period of
time, the cells may become damaged, resulting in lesions of the cell wall or parakeratosis (Nocek,
1997). If this tissue becomes hardened by the acidic insult, the potential of the tissue to absorb
VFAs and other compounds is decreased. These damages to the epithelium may worsen acidosis
as the animal is not able to remove organic acids from the rumen at a rapid pace, which would
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decrease blood pH and eventually kill the animal. Other organic acids are likely involved in
acidosis as well. Lactic acid for example, can be produced during subacute acidosis, but lactic
acid-utilizing bacteria will rapidly metabolize it to VFA (Goad et al., 1998). It is only when pH
declines below 5.0 that lactic acid-utilizing bacteria become inhibited and lactic acid will begin to
build-up in the rumen, further reducing pH and starting a “spiraling effect” (Russel and Hino,
1984). Extreme accumulation of lactic acid likely only occurs during acute acidosis.
Microbial populations are also important in acidosis. Increases in readily fermentable
carbohydrates will result in increased growth rates and fermentative activities of ruminal bacteria
as long as absorption can keep up with production of VFAs (Nagaraja and Titgemeyer, 2007).
However, the shifts in the populations of amylolytic bacteria and lactic acid-utilizing bacteria are
typically found during times of acidosis. Lactic acid-producing bacteria such as Streptococcus
bovis and anaerobic Lactobacilli have fast growth rates, ferment starch or soluble sugars, and
have the potential to produce large amounts of lactic acid and VFAs (Nagaraja and Titgemeyer,
2007). S. bovis in particular, has a very rapid growth rates and will shift its metabolism to
homolactic fermentation if the pH of its environment becomes lower than 5.6 (Russel and Hino,
1985). This rapid growth rate and shift in metabolism makes it particularly relevant when
examining acidosis. It has been noted that explosive increases in the population of Strep. Bovis is
only observed when animals are not adapted to high concentrate diets (Nagaraja and Titgemeyer,
2007). While Strep. bovis is a major player in lactic acid production, it is not as acid-tolerant as
Lactobacilli. It is hypothesized that Strep. bovis will begin to produce lactic acid, causing pH to
decline which will favor the growth of acid-tolerant Lactobacilli. This is the reason many
intervention strategies for acidosis target Strep. bovis. Increases in Lactobacilli are common to
both acute and subacute acidosis cases (Nagaraja and Miller, 1989; Goad et al., 1998). These
Lactobacilli can thrive at pH levels below 5.6, making them exceptionally well adapted to live in
an acidotic rumen. Several species of Lactobacilli exist in the rumen and can produce both L- and
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D-lactate. Due to the variety of species found in the rumen, they are often described as
Lactobacillis sp. rather than at the species level. These species are likely the major culprit for
lactic acid production during acute acidosis.
Lactic acid-utilizing bacteria, alternatively, will metabolize lactic acid back to VFAs.
These bacteria are very important to cattle adapted to high-concentrate diets, and typically
increase in population size when animals are adapted to these diets (Huber et al., 1976; Counotte
and Prins, 1981). There are several bacteria that are able to ferment lactic acid including
Anaerovibrio lipolytica, Megasphaera elsdenii, S. ruminantium spp. lactilytica, and many others
(Huber et al., 1976). The most important of these bacteria being MegasphaeraNa. This bacterium
has been deemed the most important organism in lactic acid fermentation in the rumen, holding a
central role in the prevention of accumulation by fermenting upwards of 60-80% of the lactate in
the rumen (Counotte et al., 1981). Its importance in the rumen is also related to its increased
tolerance to low pH relative to other lactic acid-utilizers. By metabolizing the lactic acid into
VFA, these lactate utilizing bacteria are helping to increase rumen pH and control lactic acid
accumulation. This has also made them a popular target for direct fed microbial products.
Several other compounds have also been associated with acidosis including histamine,
inflammatory cytokines, endotoxins (lipopolysaccharides), and others. Histamine and endotoxins
are believed to be released due to bacterial death and tissue degradation during times of low pH
(Nocek, 1997). These compounds cause vasoconstriction and dilation, leading to the damage of
other tissues like the corium of the hoof (Nocek, 1997). This can ultimately lead to laminitis and
other lameness issues. Absorption of endotoxins leads to the release of pro-inflammatory
cytokines like tumor necrosis factor alpha (TNF-α), causing further inflammation and stress on
the body (Wang et al., 2002). These compounds are related to acidosis and have large effects on
overall animal health as well.
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Another concern and possible marker for acidosis is liver abscesses. In conventional
feedlot cattle, the average prevalence of liver abscesses ranges between 10 and 20%, with
variation by region (Davis et al., 2007; Brown and Lawrence, 2010; Rezac et al, 2014; Wilson,
2020). While these liver abscesses can have an effect on performance, they can also reduce the
value of beef carcasses by $38 per animal, causing a large economic loss to the industry (Brown
and Lawrence, 2010). Feeding high concentrate finishing diets which are low in roughage is
associated with a higher prevalence of liver abscesses (Nagaraja et al, 1996). Increasing the
amount of forage in finishing diets can be an effective way to decrease the prevalence of liver
abscesses (Gill et al., 1979; Loerch and Fluharty, 1998; Zinn and Plascencia, 1996). However, the
form of the roughage is also important, as some have found that finely ground forages do not
have the same effects as coarsely ground forages in reducing the prevalence of these abscesses
(Calderon-Cortes and Zinn, 1996). One might expect the grain processing method used would
also affect the prevalence of liver abscesses due to the increased rate and extent of starch
fermented in the rumen, however, very little research supports this idea (Reinhardt and Hubbert,
2015).
One of the most common bacteria found in liver abscesses is Fusobacterium
necrophorum followed by Arcanobacterium pyrogenes (Lechtenberg et al., 1988; Tan et al.,
1996; Nagaraja and Chengappa, 1998). Due to the preference for lactate over other sugars by F.
necrophorum, its population in the rumen increases approximately 10-fold when cattle switch
from a roughage-based diet to a grain-based diet (Tan et al., 1994; Nagaraja and Chengappa,
1998). It is theorized that the increase in lactate in the rumen of grain-fed cattle causes the
increase in F. necrophorum. While an exact mechanism has not been documented, it is commonly
hypothesized that damage to the rumen epithelium is the largest factor for the formation of liver
abscesses (Nagaraja and Chengappa, 1998; Nagaraja and Lechtenberg, 2007). When the rumen
epithelium is exposed to acidotic conditions, it can become damaged overtime and create cracks,
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allowing bacteria to pass into the portal vein and into the liver. Physical damage (from foreign
material) to the epithelium can also create the opportunity for bacteria to cross into the blood
stream. Some studies suggest that grooming behavior of feedlot cattle can also cause damage to
the epithelium, allowing bacterial penetration of the rumen wall (Fell et al., 1972). Regardless of
cause, liver abscesses are a concern for feedlots across the United States. Fortunately, several
antimicrobial compounds have been developed and deemed effective in preventing liver
abscesses and are commonly fed in commercial systems. However, scrutiny of the animal
production industry’s use of antimicrobials is pushing for other management practices that do not
require antimicrobial use.
Overall, the etiology of why and how acidosis occurs is very complicated with several
different factors. We are constantly learning more about this disorder and developing prevention
strategies to better control the incidence and severity of it in feedlots. With its large economic
impact on the industry, it is a problem that will not likely be disregarded in the near future.
Acidosis Management
Acidosis is a complex disorder, and not all of its causes or effects are known. While there
is still much to learn, researchers and nutritionists have created several management strategies to
help prevent acidosis and decrease the severity of acidotic events. Some of the most common
strategies used in the industry include feed additives, incorporation of forage or roughage,
alterations to grain processing method or grain type used, addition of byproducts like wet corn
gluten feed, direct-fed microbials, and others. Feed additives such as monensin have been widely
used in the industry and can help prevent acidosis. Stock (2000) stated that monensin helps to
modulate acidosis by minimizing variation in feed intake. Cooper et al (1997) found that steers
fed monensin exhibited increased rumen pH and reduced area under 5.6. Others have seen
increases in meal frequency paired with decreased meal size when monensin was fed (Fanning et
al., 1999). These effects can decrease acidosis risk by decreasing the amount of starch in the
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rumen at any given time. This additive is also easy and convenient for feedlots to incorporate as it
is mixed directly into the feed.
Increasing forage or roughage in the finishing diet is another great way to reduce acidosis
risk. Forage inclusion in feedlot diets can displace some of the starch and increase rumination
time, thereby increasing saliva production and increase bicarbonate in the rumen (Owens et al.,
1998; Galyean and Defoor, 2003). The buffers introduced into the rumen with saliva will help to
neutralize the acids in the rumen and maintain pH. Goulart et al. (2020) found an increased pH,
rumination time, and increased dry matter intake (DMI) for cattle fed 20% corn silage compared
to 10%. Additionally, Benton et al. (2015) found increased average, maximum, and minimum
ruminal pH as roughage was increased in the diet. While these effects are positive in terms of
reducing acidosis, handling forages in large amounts can be challenging for feedlots.
Additionally, by displacing some of the starch in the diet, you are inevitably displacing some of
the energy in the diet, potentially decreasing gains and efficiency. Most forage (aside from silage)
is also expensive per unit of energy when compared to cereal grains and other products, making
diets more expensive. Stock et al (1990) completed a study where an inclusion of 0 or 7.5%
roughage as alfalfa hay (5% of diet DM) and corn silage (5% of diet DM; 50% grain) fed with
differing grain types (DRC and dry-rolled wheat) was evaluated for its effect on gain, feed
efficiency, and cost of gain. The conclusion revealed that inclusion of 7.5% roughage in the DRC
based diets increased gains, efficiency, and cost of gain. However, feeding 7.5% roughage in dryrolled wheat diet also improved gains, but improved efficiency and lowered cost of gain, likely
due to acidosis mitigation. Therefore, the correct formulation of diets is important and requires a
balance between roughage and grain inclusion to maximize gains without causing acidosis.
Grain type and processing method are also important factors to acidosis risk. Different
grains have different rates of starch digestion in the rumen. Stock (2000) described a ranking of
grains and processing methods by relative rate of starch digestion in the rumen. Wheat and barley
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were ranked with the fastest rate of digestion, followed by processed high moisture corn and
flaked wheat, steam-flaked corn, steam-flaked sorghum, unprocessed high moisture corn, dry
rolled corn, dry whole corn, and finally dry rolled sorghum with the slowest rate of digestion. The
diagram in this review uses a ranked system rather than absolute rates due to variation in
processing and the grain itself. Nevertheless, grains with more rapid ruminal starch digestion
typically cause more acidosis than slower fermenting grains. Additionally, starch from slower
fermenting grains is often digested in the lower tract of ruminants, further decreasing acidosis risk
due to the contribution of rate, extent, and site of starch digestion to acidosis risk (Milton, 2000).
Due to the differences in rate of ruminal starch digestion of these grains and processing
methods, a common practice to reduce the risk of acidosis is to mix grains with rapid and slower
rates of digestion in an attempt to spread-out the amount of starch fermented in the rumen at a
given time. For example, Stock et al. (1987) fed differing ratios of high moisture corn to dryrolled sorghum. They found that cattle fed grain mixtures were more efficient than those fed
100% corn or sorghum, and that feeding grain mixtures improved ruminal starch digestion as well
as total tract starch digestion above the expected means. Milton (2000) provided a list of
experiments that utilized grain mixtures and provided the effects on average daily gain and feed
efficiency from these trials. Collectively, all but one experiment exhibited improved gains and
better efficiency when grain mixtures were used, possibly due to reduced acidosis risk.
Nevertheless, the type of grain and processing method chosen are important factors when
considering acidosis potential. Mixing differently processed grains together to balance starch
availability to the rumen can be an effective strategy in preventing acidosis. Additionally,
choosing less intense processing methods like dry rolling, can further decrease the potential for
acidosis.
The addition of byproducts to the diet is another common way to decrease acidosis risk.
Wet corn gluten feed (WCGF) is a byproduct of the wet milling industry, has little to no starch,
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and is high in digestible fiber. The typical wet product is relatively high in moisture
(approximately 44%), which makes it a great inclusion for dry diets to eliminate sorting potential.
The product can also be sold as dry but is less frequently used (88.9 % DM, NASEM, 2016).
When WCGF replaced corn in the diet, it reduced incidence of acidosis by replacing some of the
starch with highly digestible fiber. Krehbiel et al. (1995) conducted an experiment to evaluate the
effect of WCGF on ruminal parameters in an acidosis challenge model. This study used three
ruminally cannulated steers in a repeated Latin square design which were adapted to a 70%
concentrate diet. The treatments used were 100% DRC, a 50:50 blend of DRC and WCGF, and
100% WCGF dosed intraruminally. Their results showed a rapid decrease in pH for the steers
dosed with WCGF and the 50:50 blend. Both WCGF treatments had lower pH values at 3 and 6 h
post inoculation than the DRC treatment, possibly due to the high concentrations of lactic acid in
WCGF or rapid production of ruminal lactate following the dosing. However, these cattle reached
a plateau at a pH of approximately 5.4, and then began to increase until they reached their prechallenge pH at approximately 24 h. The DRC treatment continued to decline in pH until around
15 hours and then slowly increased. The DRC treatment did not reach their pre-challenge pH
value within the 24-h period. Additionally, both WCGF treatments had a smaller area under a pH
of 6.0 than the DRC treatment. Ruminal organic acids and lactate were also measured in this
study. Both WCGF treatments had increased concentrations of total VFAs but similar lactate
levels and total organic acid levels. The WCGF did not completely eliminate acidosis, as there
was still a large amount of organic acids produced, but it reduced the time that the animals were
exposed to low ruminal pH. Another study evaluated WCGF in SFC based diets with 3 different
inclusions of WCGF being either 0, 30, or 60% (Sindt et al., 2002). This study found linear
decreases in total VFA as WCGF increased in the diet (P = 0.01), and similar rumen lactate
concentrations across treatments (P = 0.33). Additionally, rumen pH linearly increased as WCGF
increased in the diet (P < 0.05). Fecal pH followed the same trend (P < 0.01). These data were
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similar to Krehbiel et al. (1995) and suggests that WCGF can potentially reduce the severity of
acidosis.
Another widely used strategy to reduce acidosis in feedlot cattle is adaptation diets.
Adapting cattle to high concentrate diets from forage-based diets is important to the feedlot
industry. While several methods are commonly used, the gradual reduction in forage in exchange
for concentrates is likely the most common method. The goals of adaptation are to change the
microbial community in the rumen and to teach cattle how to eat high concentrate diets without
falling into an acidotic state. As previously mentioned, acidosis can be caused by the ingestion of
large amounts of rapidly fermentable carbohydrates. While finishing cattle will consume diets
consisting almost entirely of these rapidly fermentable carbohydrates, the way in which they
consume them is critical. Large and infrequent meals can cause rapid declines in ruminal pH
(Gonzalez et al., 2012). It is generally believed that cattle consuming forage-based diets or
coming off grass typically eat a few large meals a day and intake is limited by gut fill, where
cattle fed high concentrate diets are believed to limit intake by chemostatic regulation or dietary
energy intake (Mertens, 1987; Krehbiel et al., 2006). This change in regulation becomes
problematic when transitioning from forage to grain-based diets. One of the approached to grain
adaptation is providing diets with moderate levels of concentrates to teach animals to eat smaller,
more frequent meals throughout the day in order to reduce digestive upset. One study investigated
rapid versus gradual step-up procedures and found no differences in average ruminal pH but did
find differences in pH variance with rapidly adapted cattle having larger variations in pH
compared to gradually adapted cattle (Bevans et al., 2005). Drouillard et al. (2012) conducted a
similar study but analyzed performance values in a larger feedlot setting. They found no
performance differences between cattle adapted to a high concentrate diet using 5 diets over 17 d
or 3 diets over 8 d. While these studies did not find many differences between adaption method, it
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has been shown in several studies that smaller, more frequent meals lead to a more stable rumen
pH and less variation in pH (Soto-Navarro et al., 2000).
Due to the challenges for feedlots to handle large amounts of roughages, the push to
adapt cattle quickly and using the least amount of forage possible is becoming increasingly
popular. One way to accomplish this is to use WCGF or a complete starter feed. There are several
other methods of adapting cattle including the use of only WCGF. One study evaluated the use of
decreasing Sweet Bran (Branded gluten feed product, Cargill Corn Milling) paired with
increasing grain inclusion to adapt cattle compared to a traditional adaption plan using decreasing
alfalfa hay and increasing grain (Huls et al., 2016). All cattle were fed a common finishing diet
after the adaptation phase. They found that using Sweet Bran to adapt cattle resulted in increased
HCW, ADG, and decreased F:G (P < 0.01). No other effects on performance or carcass
characteristics were found. An economic analysis was completed and found that the use of Sweet
Bran during adaptation decreased cost of gain and increased profits (P < 0.01). A similar design
was used in a metabolism study to evaluate the effects of adapting cattle with Sweet Bran on
ruminal parameters (Huls et al., 2016). This study found that DMI and number of meals per day
was greater for steers adapted using Sweet Bran compared to alfalfa hay (P < 0.01). They also
found that ruminal pH was lower, time under pH of 5.6 was greater, and pH variance was greater
for steers adapted with Sweet Bran compared to alfalfa (P ≤ 0.05). The researchers noted that
one steer on the alfalfa adaptation system was removed due to acidosis, but no other acidotic
events were observed. They concluded that rumen pH was likely lower for the Sweet Bran group
due to their increased intake. Overall, steers can be adapted using Sweet Bran despite the lower
rumen pH as average rumen pH was still greater than 5.6 during the adaptation period. Another
study by Schneider et al. (2017) conducted several trials to evaluate adapting cattle using RAMP,
a branded complete starter feed, to rapidly adapt cattle to high concentrate diets. Several diets and
methods of adaption were used but all diets in this study utilized WCGF (Sweet Bran) in the final
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finishing diet. They concluded that using RAMP to start cattle improved cattle performance when
compared to traditional methods. While using RAMP for accelerated adaption did result in
decreased pH, there were no statistical differences for performance parameters between extended
and rapid adaptation programs. Therefore, cattle can be adapted more rapidly using a complete
starter feed when WCGF (Sweet Bran) is included in the finishing diet.
Another study by MacDonald and Luebbe (2012) evaluated several different adaptation
diets including a control which used decreasing levels of alfalfa hay and increasing levels of SFC
and a treatment with decreasing Sweet Bran and increasing SFC. The final finishing diet was
identical between the treatments. The results indicated increased ADG, final body weight, and hot
carcass weight for the Sweet Bran treatment compared to the control. This study also
demonstrated that cattle may be adapted using Sweet Bran instead of forage without negatively
impacting overall performance. By using this method, feedlots can potentially reduce or
completely eliminate the amount of roughage needed to adapt cattle to high concentrate diets.
Overall, there are many methods to adapt cattle to finishing diets. Doing this in a way that
reduces the incidence of acidosis and reduces the amount of roughage needed is key.
A newer strategy for acidosis management has been the integration of direct fed
microbial products (DFM). This term was created by the U.S. Food and Drug Administration
(FDA) instead of the term “probiotic.” The definition according to the FDA is “a source of live,
naturally occurring microorganisms.” Krehbiel et al. (2003) and Yang et al. (2004) defined DFM
as “alive, naturally occurring organisms that have been used to improve digestive function of
livestock.” This definition is very broad and encompasses bacteria, fungi, yeast, cell fragments,
and filtrates (Sullivan and Martin, 1999; Oetzel et al, 2007; Elghandour et al, 2014). In ruminant
nutrition, DFM products typically grow in the rumen and modify the microbial populations or
fermentation characteristics. However, the intestinal tract of ruminants may also be affected by
DFMs. There are three main types of DFMs being bacterial, fungal, and a combination of both.
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For the bacterial DFMs, bacterial strains may be classified into categories such as lactic acid
utilizing bacteria (LUB) or lactic acid producing bacteria (LAB), as well as many others.
However, for the purpose of this review, we will focus on these two categories.
Providing LAB or LUB to the rumen targets the same outcome, lactic acid utilization.
While providing LAB to the rumen might seem counterintuitive, it could be beneficial to the
rumen’s ability to utilize lactic acid. By providing LAB to the rumen, you are increasing the
amount of lactic acid. This should consequently stimulate the LUB in the rumen by creating an
environment in which they thrive. By increasing the LUB, you are increasing the lactic acid
utilization potential of the rumen, meaning it is able to handle a larger buildup of lactic acid (such
as in times of acidosis). Similarly, by introducing more LUB into the rumen, you should
theoretically also increase the lactic acid utilizing potential. One of the most common LUB used
in DMF products is Megasphaera elsdenii. This bacterium has been described as one of the most
important lactate-utilizing bacteria in the rumen and can ferment upwards of 60-80% of its lactic
acid (Counotte et al., 1981). While this bacterium relies heavily on the products of other
amylolytic bacteria to obtain energy substrates such as maltose and glucose, its lactate
fermentation is not subject to catabolite repression by these substrates (Marounek et al., 1989;
Hino et al., 1994). Some strains of this bacteria even use lactate preferentially to glucose despite
the lower ATP yields when doing so (Hino et al., 1994). This preferential use of lactate is what
separates it from other LUB in the rumen and has made it a popular target for DFM development.
While lactate has a higher potential to decrease rumen pH than other VFAs, ruminal acidosis is
mainly a function of VFA concentration with lactic acid concentrations being very low under
normal circumstances, often <1mM (Beauchemin and Penner, 2009). With this small
concentration of lactic acid in the rumen, the ability of M. elsdenii to affect rumen pH solely by
lactic acid utilization is small, yet several studies have shown increased pH for the M. elsdenii
treatments both in vitro and in vivo (Aikman, 2008; Aikman et al., 2009; Henning et al., 2010a,
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2010b; McDaniel et al., 2008, 2009a, 2009b; Mazon et al., 2020). Mixed results have been
observed by studies conducted with M. elsdenii both in vitro and in vivo. While several strains of
this bacteria have been used, one of the most common ones used today is NCIMB 41125. This
specific strain of M. elsdenii has fast growth rates, is unaffected by ionophores, and can
metabolize lactate to produce end products when pH is below 5.5 (Meissner et al., 2010). All of
these are important for a DFM used in large commercial feedlot situations. For these reasons, a
company called M.S. Biotech has started producing products utilizing this strain of Megasphaera
elsdenii for cattle production (Lactipro, M.S. Biotech, Wamego, KS).
It would be intuitive that DMI would be enhanced or less variable when M. elsdenii was
administered during phases of potential lactic acid accumulation. Examples of this might be
during the transition from a roughage to concentrate-based diet, extreme weather, illness, or
reimplant time. All of these events create an opportunity for lactic acid accumulation in the rumen
mostly by animals gorging after a period of restriction which could be self-induced or situational.
Regardless of cause, it is hypothesized that administration of M. elsdenii during these times of
acid accumulation will increase DMI or make it less variable across days. There have been a few
studies which support this hypothesis (Henning et al., 2010a, Henning et al., 2010b; Mazon et al.,
2020). However, most of the studies show no difference in intake between animals dosed with or
without M. elsdenii (Leeuw et al., 2009; McDaniel et al., 2009b; Drouillard et al., 2012; Thieszen
et al., 2015, DeClerck et al., 2020). Lactic acid concentration is another parameter expected to
change when M. elsdenii is used. Kung and Hession (1995) conducted an in vitro experiment with
M. elsdenii. In this experiment, a mixed culture of rumen bacteria, buffer, and a mixture of
rapidly fermentable substrates were mixed and inoculated with M. elsdenii to create a low (8.7 x
105) or high dose (8.7 x 106). They incubated the flasks in triplicate and took small subsamples
from the flasks at various time points. They found that regardless of dose, inoculation with M.
elsdenii increased butyrate, isobutyrate, valerate, and isovalerate concentrations along with total
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VFA concentration (P < 0.05). The treated cultures also maintained higher pH from 6 hours till
24 (P < 0.05) and maintained lower lactate concentrations than the control (P < 0.05). This study
concluded that inoculation with M. elsdenii prevented the accumulation of lactic acid and
stabilized pH in vitro.
Henning et al. (2010a) also conducted two studies which tested the effect of M. elsdenii
administration on abrupt or gradual transitions from forage to concentrate-based diets. In the first
study, 24 ruminally cannulated sheep were used in a 2 x 2 factorial design with the first factor
being intake as ad libitum or restricted forage intake and the second being dosing of M. elsdenii.
Beginning on day 1 of this trial, all lambs were started on a concentrate mixture. In addition to the
concentrate mixture, two treatments were fed ad libitum forage and the other two were fed a
controlled amount of forage (200g). One group from each of these treatments was then dosed
with M. elsdenii on days 1 and 2 of concentrate feeding. The drenched groups had increased
intake of concentrate and decreased intake of forage compared to the control groups (P < 0.05).
Total intake was also increased and had less variation for the drenched sheep (P < 0.02). Ruminal
pH did not decline as much for the drenched groups as the control and lactic acid did not
accumulate to the same degree (P < 0.001). Additionally, no differences in ADG were detected
between any treatments (P > 0.10). They concluded that M. elsdenii has the potential to reduce
acidosis during the transition phase by decreasing the accumulation of lactic acid in the rumen
and maintaining higher pH. In the second study, 12 ruminally cannulated steers were used in a
randomized block design with 4 treatments. Treatments consisted of a control which was not
drenched, a group given a low dose (1.72 x 109 CFUs), a medium dose (1.72 x 1010 CFUs), and a
high dose (1.72 x 1011 CFUs) of M. elsdenii. Steers were fasted for one day prior to initiation of
the trial. On day 1, the steers received the first step of their high-concentrate diet. On day 2
treatments were administered. Four transition diets were used over 16 days to transition cattle to
the finishing diet. Rumen fluid was collected throughout the trial and analyzed for lactic acid
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concentrations, counts of M. elsdenii by qrt-PCR, pH, and VFAs. They found increased counts of
M. elsdenii on days 2 and 3 of the trial, as one might expect (P = 0.06), and then found no
statistical differences for any days following. A trend for lower lactate concentrations was also
found on day 2 and 3 of the trial for the dosed (< 2 mM) compared to the control (17 mM) groups
(P = 0.13) which corresponds with the increased M. elsdenii on those days. The researchers noted
a large variation in pH values between animals. While no P-values were given, they described
that the control group primarily experienced lower rumen pH than the treated steers. Specifically,
between days 9 and 17 of the trial, the control steers pH averaged 5.0 where the average of the
treated steers was 5.5. For VFAs, no differences were detected for total VFA concentration.
However, individual VFAs had some statistical differences with acetic acid being lower in control
steers compared to the treated groups (P < 0.05) and propionic acid being higher (P < 0.05).
Additionally, they found increased butyric acid concentrations for steers given the M. elsdenii
treatments compared to the control group (P < 0.04). They concluded that the M. elsdenii
treatments helped maintain rumen pH, decreased lactic acid accumulation, and increased butyric
acid production at the expense of propionic acid. They noted that the proportions of VFAs
produced by this bacterium can shift depending on pH, dilution rate, and substrate availability.
Overall, these studies concluded that M. elsdenii could be a possible treatment to reduce or treat
acidosis during the transition period from forage-based to concentrate-based diets.
Another important benefit to the use of this product is its effect on animal performance.
Drouillard et al. (2012) conducted a feedlot study with 130 steers in a 2 x 2 factorial design with
the first factor being length of adaptation period (17 or 8 days) and the second being
administration of M. elsdenii (M. e. vs placebo). The 17-d adaptation period used 5 diets where
concentrates were increased progressively. The 8-d adaptation period used only 3 of the 5 diets.
The M.e. groups were dosed orally on day 1 of the trial with 200mL of inoculum containing 1011
cells. They found that DMI was not affected by dose nor transition period length (P > 0.10). Hot

35
carcass weight tended to be greater for the M.e. steers than the placebo groups (P = 0.10).
Additionally, ADG tended to be higher for steers dosed with M.e. than the placebo (P = 0.09).
They concluded that introducing M. elsdenii could provide slight increases in HCW and average
daily gain in a feedlot setting. Additionally, some savings could be obtained when dosing with M.
elsdenii and transitioning cattle to the finishing diet with less steps and less overall forage needed.
Furthermore, a study by Mazon et al. (2020) investigated the effects of dosing midlactation Holstein dairy cows with M. elsdenii NCIMB 41125 either 4 days before the acidosis
challenge (PRO-4), or one day before the acidosis challenge (PRO-1) and compared these
treatments to control groups (CON-4 and CON -1) which received doses of white distilled vinegar
on the same day the M. elsdenii cattle were dosed. This consisted of two crossover trials which
were identical in design except for the time of administration of the M. elsdenii product. Each
crossover consisted of two 8-day experimental periods with 4 weeks for washout. The first three
days of the experimental period were considered baseline values. On the fourth day, cows were
restricted to 50% of their average intake. On the fifth day, cows received a mixture of highly
fermentable carbohydrates to induce acidosis. The last three days of the trial were considered
recovery days and the normal mixed ration for the cows was fed. They found that the PRO-4
treatment had increased DMI, ruminal pH, decreased area under the curve (AUC), and decreased
time below a pH of 5.8 when compared to the CON-1 group (P ≤ 0.05). This treatment also had a
decreased AUC (P = 0.03) and time below a pH of 5.6 (P = 0.01). No treatment effects were
found for feeding behavior (P ≥ 0.21). For the PRO-1 group, no effect of treatment was found for
ruminal pH (P ≥ 0.22) or DMI (P = 0.67). They did see a significant effect for treatment on
minutes feeding per day with PRO-1 cows spending more time feeding per day than control cows
(P < 0.01). When they analyzed the effect of treatment by day, they found that the dosed cows
had a lower rumen pH compared to the control on the day after the challenge (P = 0.01).
Additionally, they found a tendency for AUC of 5.8 to be increased for the PRO-1 group
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compared to the CON-1 group two days after the challenge (P = 0.07). They also saw a tendency
for time below a pH of 5.6 to be lower for dosed cows compared to the control only on the day
after the challenge (P = 0.08). They concluded that the PRO-4 treatment was successful at
stabilizing rumen pH and increasing DMI, while the PRO-1 treatment had little effect on rumen
pH and DMI. This follows closely with other studies using M. elsdenii in sheep and cattle which
found reduced AUC under 5.6 and less drops in pH (Henning et al., 2010a; Aikman et al., 2011).
Due to the lack of response from the PRO-1 group, they hypothesized that because the cows had
restricted intake on the day the treatment was administered, there was not enough time or
substrates available for the Megasphaera elsdenii population to establish in the rumen. A
hypothesis by Weimer et al. (2015) also stated that ruminal conditions could be suboptimal for
bacteria when dosed pre-feeding. This study concluded that M. esldenii has the potential to
positively influence ruminal dynamics and DMI when acidotic conditions arise, and the time of
dosing M. elsdenii is an important factor in its administration.
Overall, Megasphaera elsdenii appears to be effective in controlling lactic acid
accumulation in the rumen and maintaining higher ruminal pH during periods where acidosis may
occur. While its effects on DMI are not consistent, it does not appear to hinder intake and has
been shown to improve HCW and ADG in some studies. Dosing techniques are still being
investigated, but some studies suggest allowing time for the population to establish in the rumen
is important. Additionally, it could be a useful tool to adapting cattle to high concentrate diets
more rapidly, ultimately requiring less forage to do so. With the modern-day consumers pushing
to decrease antimicrobial use in cattle, this DFM could become more common and useful in the
feedlot industry as antimicrobial use decreases.
There are several methodologies to decreasing the incidence and severity of acidosis. The
ones that work for a specific operation will likely depend on diet, management of the facility,
labor, economics, and availability of products. Unfortunately, there is no one fix or prevention
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strategy for acidosis, but there are several methods that have been shown to decrease the
incidence and severity of this condition and should be used if possible and economical to the
operation.

Conclusion
Cereal grains are by far the most important ingredient in feedlot diets. Variations in rate
of starch digestion exist between different types of grain and different processing methods. The
processing method used to alter these grains can have large effects on the rate, site, and extent of
starch digestion. These changes can also increase the probability of acidosis in feedlot cattle.
Understanding these changes, and correctly formulating diets can help mitigate risk of acidosis
among several other management strategies including the use of new products such as direct fed
microbials. Acidosis is a very complicated ailment, but an important disorder to the feedlot sector
and should be of importance to managers and researchers. Utilizing other grains, such as rye, in
feedlot diets is possible. However, many factors must be considered when using rye such as rate
of starch digestion and ergot toxicity. Ergot in cereal grains can cause a wide variety of health
concerns in cattle and can decrease performance of animals even in very small amounts.
Therefore, regulating ergot alkaloid exposure, and avoiding contaminated grains is recommended
when feeding cattle.
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Abstract
A 140-day finishing experiment was conducted to evaluate the effect of replacing steamflaked corn with steam-flaked rye on steer performance and carcass characteristics. Yearling
steers purchased from two different sources (389 ± 22 kg for source 1; 410 ± 26 kg for source 2)
were utilized in a randomized block design with four treatments consisting of different ratios of
steam-flaked rye (SFR) to steam-flaked corn (SFC). The four treatments were 0:100, 25:75,
50:50, and 100:0 SFR:SFC with 60% grain inclusion fed in the finishing diet. Increasing
inclusions of SFR linearly decreased final body weight, dry matter intake, average daily gain,
feed efficiency, and hot carcass weight (P < 0.01). The observed reduction was 6.2% for HCW,
14.8% for ADG, and 8.6% (or 1.2 kg/d) for DMI for 100% replacement of SFC with SFR. No
associative effects were observed for the two blended diets. Carcass characteristics reflected the
lower gains with linear decreases in marbling score (P < 0.01), longissimus muscle area (P <
0.01), and backfat thickness (P = 0.03). There was no difference in yield grade among treatments.
Based on dietary energy calculated from performance, SFR has approximately 92% the energy
value of SFC. Steam-flaked rye can replace SFC in finishing diets; however, performance will
decrease with the same days on feed.
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Introduction
Finishing diets in cattle are constantly changing and can be manipulated based on the
availability of ingredients and grain prices. Traditionally, rye grain has not been a common
ingredient in finishing diets due to concerns about ergot toxicity, rapid ruminal starch
fermentation, low supply, and high market prices. Several new hybrid varieties of rye have been
released with numerous benefits such as reduced ergot risk and higher grain yields (Miedaner et
al., 2021; Wilde and Miedaner 2021). Planting rye can also decrease the variation in labor needs
in comparison to a corn-soybean rotation system (Poffenbarger et al., 2017). With farmers
beginning to utilize this new hybrid and selling the grain into the market, supply may increase
which may allow prices to become more competitive to corn in the future.
Previous research has suggested a decrease in average daily gain (ADG), dry matter
intake (DMI), and poorer feed efficiency (G:F) when dry-rolled rye replaced dry-rolled corn in
the diet (Rusche et al., 2020). There are no data on feeding steam-flaked rye to feedlot cattle.
With the possible increase in rye on the market, research is needed to determine the energy
content of feeding steam-flaked rye and its impact on performance with increasing inclusion of
hybrid rye in cattle diets.
The objective of this study was to determine the effects of feeding different inclusions of
steam-flaked hybrid rye (SFR) replacing steam-flaked corn (SFC) on the performance and carcass
characteristics of yearling steers.
Materials and Methods
All procedures involving animal care and management were approved by the University
of Nebraska Lincoln’s Institutional Animal Care and Use Committee (IACUC #: 1785).
Steam-flaked Hybrid Rye
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The hybrid rye grain (KWS Bono variety) used in this experiment was grown, stored, and
steam-flaked by a commercial feedlot (Raikes feedyard, Ashland, NE). Before flaking, the rye
grain was cleaned using a two-screen grain shaker with air in order to decrease total ergots. Bulk
density of the grain was tested immediately after flaking each batch (Table 2.1). The rye was
flaked to target a bulk density of 0.41 kg/L (32 lb/bu) while the SFC was flaked to target a bulk
density of 0.35 kg/L (27 lb/bu). Grain was delivered approximately weekly to the UNL research
feedlot (8 miles) and sampled to test for ergot contamination (Table 2.2) and nutrient evaluation
(Table 2.3). Samples were sent to North Dakota State University Diagnostic Laboratory for
analysis of ergot alkaloid concentrations by liquid chromatography-tandem mass spectrometry
(LS/MS/MS). Some contamination of SFC in the SFR was observed upon delivery. This
contamination was due to residual corn in the steam chest before processing the SFR at the end of
the day. To account for the amount of SFC, samples of SFR were obtained and separated using
sieves then quantified as a percentage (Table 2.4). Samples were shaken for 10 minutes through
sieves to determine how much SFC was present by weight. The grain was shaken as-is to prevent
additional handling and breaking of the corn flakes. The majority of the corn was retained on the
top two sieves, while the smaller rye flakes would fall to the lower sieves. As a result, the 25%
and 50% diets were adjusted on days 22 (17% SFR for the 25% diet and 34.1% for the 50% diet,
DM basis) and 69 (15.4% SFR for the 25% diet and 30.8% SFR for the 50% diet, DM basis) to
account for this contamination, albeit small.
Animal Feeding
A 140-day finishing study utilizing crossbred yearling steers (n=400; initial BW= 400 kg;
SD = 24 kg) was conducted at the Eastern Nebraska Research Extension and Education Center
(ENREEC) near Mead, NE. Half of the steers used in the study were purchased in September
2020, received at ENREEC, and fed a receiving diet in the feedlot until trial initiation (Source 1).
The other half of the steers were purchased in October 2019 and received at ENREEC. These
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steers were grown on cornstalks, smooth bromegrass pastures, and in the feedlot until trial
initiation (Source 2). At receiving, all steers were individually identified using 3 different,
weighed, and vaccinated with a modified live viral vaccine for infectious bovine rhinotracheitis,
bovine viral diarrhea types I and II, parainfluenza 3, and bovine respiratory syncytial virus,
Mannheimia haemolytica, and Pasteurella multocida (Vista Once, Merck Animal Health). Cattle
were also vaccinated with a killed vaccine for the prevention of Clostridium chauvoei, septicum,
novyi, sordellii, perfringens Types C and D, and Haemophilus somnus infections (Ultrabac
7/Somubac, Zoetis Animal Health). A topical treatment was also administered for the treatment
and control of internal and external parasites including roundworms, grubs, lungworms, lice, and
mange mites (Dectomax Pour-On, Zoetis Animal Health).
Before trial initiation, steers were limit-fed (Watson et. al., 2013) a diet consisting of 50%
branded corn gluten feed (Sweet Bran, Cargill Wet Milling; Blair, NE) and 50% alfalfa hay (DM
basis) at approximately 2% of body weight for five consecutive days before the collection of
initial body weight (BW) to minimize variation due to gastrointestinal fill. Steers were weighed
on two consecutive days to establish initial body weights. Source 1 steers were weighed on days 5 and -4 (initial BW= 386 ± 22 kg) and source 2 steers were weighed days -1 and 0 (initial BW =
407 ± 26 kg). Cattle were assigned to pens based on the first day’s weight and sorted into pens
from one of three weight blocks on the second day of obtaining weights: light (1 replication),
medium (3 replications), and heavy (1 replication) within each source. Steers were stratified by
BW and assigned randomly to pens to ensure equal initial pen weights by block. Pens were
assigned randomly to treatment within block with 5 pens per treatment within source. All steers
were implanted on the second day of weighing with 80mg trenbolone acetate and 16mg estradiol
(Revalor-IS, Merck Animal Health). Both groups were started on treatment diets on day 1 of the
trial to allow all replications to be stepped onto their respective finishing diets together by
treatment.
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Four treatments were evaluated as a generalized randomized block design. Treatments
consisted of four different ratios of SFR:SFC (0:100, 25:75, 50:50, 100:0; % of the grain
inclusion). A total of 40 pens with 10 steers each were utilized. The light and heavy blocks
consisted of 8 pens each and the medium block consisted of 24 pens total. A 21-day adaptation
period was used whereby Sweet Bran decreased from 77% to 20% while the grain was increased
from 5% to 62%, while 10% forage corn silage, 3% corn oil, and 5% supplement remained
constant. All rye to corn ratios remained constant during the adaption period. The first adaptation
diet was fed for 4 days and consisted of 77% Sweet Bran and 5% grain. The second diet was fed
for 5 days and consisted of 62% Sweet Bran and 20% grain. The third diet was fed for 6 days and
consisted of 47% Sweet Bran and 35% grain. The fourth adaption diet was fed for 6 days and
consisted of 32% Sweet Bran and 50% grain. The final finishing diet consisted of 20% Sweet
Bran and 62% grain. However, due to acidosis concerns with the SFR treatments based on erratic
intake and loose stools (Figure 2.1), 2% corn stalks were added to all diets on day 37 and replaced
grain in the diet. The final finishing diet is presented in Table 2.3 and consisted of 20% Sweet
Bran and 60% grain.
The supplements were formulated to provide 33 mg/kg Monensin (Rumensin, Elanco
Animal Health) and 9.7 mg/kg tylosin (Tylan, Elanco Animal Health). All diets were formulated
to meet or exceed the metabolizable protein (MP) requirements of the animals using the beef
NASEM model (2016). Urea was added to the 0% diet at 0.8% DM and the 25% SFR diet at
0.4% DM in an attempt to equalize crude protein across treatments. All final diets contained 60%
grain with each treatment only differing in the ratio of SFR:SFC. Cattle were fed once daily to
target ad libitum intake. Bunks were evaluated every morning at approximately 0530 h to target a
small amount of feed left in the bunk at the time of feed delivery. Feed was delivered using a
truck mounted mixer and delivery system (Roto-mix, Dodge City, KS). Any large amount of feed
refusal was removed from the bunk, quantified, subsampled, and placed in a 60°C forced-air oven
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(model LBB2-21-1; Despatch Industries, Minneapolis, MN) for 48 h to determine dry matter
(DM) content as well as DM weight of refusals (AOAC, 1999 method 4.1.03). All ingredients
were sampled weekly to determine DM content and inclusions adjusted for feed ingredients on an
as-fed basis. At the conclusion of the trial, samples were composited by month and sent to a
commercial lab (Ward Laboratories, Kearney, NE) for analysis of crude protein (CP; AOAC,
2006), neutral (NDF; ANKOM, 2017b) and acid detergent fiber (ADF; ANKOM, 2017a), starch
(AOAC, 2000), and ether extract (AOAC International, 2006; Method 2003.6). Dietary
compositions are reported in Table 2.3.
A terminal implant was given containing 200mg trenbolone acetate and 20mg of estradiol
(Revalor-200, Merck Animal Health) on day 54 and 55 for sources 1 and 2, respectively. Cattle
were moved to new pens on these respective days with all animals remaining in their original
groups and treatments. A beta-agonist was added to all diets on day 110 to target 300mg/steer
daily (Optaflex; Elanco Animal Health) for 28 days and removed 2 days prior to harvest. Steers
were fed trial diets for 140 days and harvested at a commercial abattoir (Greater Omaha, Omaha,
NE). Cattle were offered approximately 3.6 kg/steer before being loaded into trailers in the
afternoon and shipped to the abattoir on February 23, 2021. Liver abscess scores and hot carcass
weights (HCW) were collected on the day of harvest. Final body weight was calculated from
HCW using a common 63% dressing percentage. Average daily gain and G:F were calculated
based on carcass-adjusted final BW. Fat thickness, marbling score, and longissimus muscle area
were collected after a 48-h chill. Yield grade was then calculated using the following equation:
2.5 + (0.9843 × 12𝑡ℎ rib fat, cm) + (0.2 × 2.5(KPH, %)) − (0.0496 × LM Area, 𝑐𝑚2 ) +
(0.0084 × HCW, kg) with an assumed KPH of 2.5%. Individual carcass data were averaged by
pen and analyzed with pen as the experimental unit. Performance and intake of steers were used
to calculate dietary NEm and NEg values for each treatment using equations from the NRC
(1996) as described by Vasconcelos and Galyean (2007). This was done using the DMI and
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carcass adjusted final BW for each pen of cattle. The heaviest pen BW in each block was used as
the choice endpoint.
Statistical analysis
Data were analyzed using the MIXED procedure of SAS as a generalized randomized
block design. Pen was used as the experimental unit with source (n=2) and body weight (BW)
block (n=3) as fixed effects. Effect of increasing the SFR:SFC ratio on performance and carcass
characteristics were analyzed using linear and quadratic contrasts. Orthogonal contrast
coefficients were calculated using Proc IML to account for unequal spacing. P-values of ≤ 0.10
were considered significant.

Results and Discussion
Rye grain used in this study contained 28.4% NDF, 4.3% ADF, 12.7% crude protein,
1.8% fat, and 54.7% starch. The steam-flaked corn contained 8.1% crude protein, 8.6% NDF, and
2.5% ADF. Ergot concentrations were evaluated by delivery time and averaged 1878 mg/kg
which is below the suggested threshold of 2500 mg/kg for a single ingredient (Schumann et al.,
2007). Sampled ergot alkaloid concentrations ranged from 1183 to 2740 mg/ kg.
Hot carcass weight, ADG, and DMI decreased linearly as the level of rye increased in the
diet (P < 0.01; Table 2.5). The observed reduction was 6.2% for HCW, 14.8% for ADG, and
8.6% for DMI for 100% replacement of SFC with SFR. A linear decrease (P < 0.01) of 6% in
feed efficiency (G:F) was also observed as SFR completely replaced SFC. Therefore, calculated
NEm values linearly decreased from 1.81 to 1.74 Mcal/kg with increasing inclusion of SFR (P <
0.01). Calculated NEg values also linearly decreased from 1.17 to 1.12 Mcal/kg as rye completely
replaced corn (P < 0.01). These results were similar to those from Rusche et al. (2020) where
they found linear decreases in DMI of 4.6%, HCW of 4.4%, ADG of 13.7%, and G:F of 10.2%.
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While the present study had a larger decrease in DMI, ADG, and HCW than the Rusche et al.
(2020), it had a less dramatic decrease in G:F. Inconsistent responses to feeding rye between this
study and Rusche et al. (2020) could be due to flaking of the rye in the present study, where
Rusche et al. (2020) used dry rolled rye replacing DRC. Due to the decreased performance
values, carcass characteristics were affected by treatment. Increasing levels of rye resulted in
linear decreases in longissimus muscle area (P < 0.01), 12th rib fat (P = 0.03), and marbling score
(P < 0.01). However, calculated yield grade did not differ among treatments (P = 0.16). Rusche et
al. (2020) found no differences in 12th rib fat, and a tendency for a quadratic response for
marbling score. They also observed a linear decrease in LM area similar to the present study.
Additionally, the present data suggest no associative effect of blending SFR with SFC as all
performance responses were linear. Rusche et al. (2020) found increased carcass-adjusted growth
performance and DMI for the two-thirds DRC to one-third rye blend, suggesting a possible
positive associative effect for this treatment. Additionally, the increase in ergot concentration of
the grain used in this study (averaged 1878 mg/kg) compared to the Rusche et al. (2020) study
(392 mg/kg) could be contributing to the differences in response values between the two
experiments.
While rye could just be lower in energy than corn due to its lower starch and fat content,
rye has also been shown to be highly digestible and greater in rumen digestibility when compared
to corn regardless of processing extent (Rajtar et al., 2020b). No data are available for SFR
compared to SFC. One might assume that the rye would still be highly digestible and readily
fermented in the rumen when steam flaked. Another factor to consider is any starch which
bypasses the rumen and is digested in the small intestine, is energetically more favorable to the
animal (Owens et al., 1986). It is possible that more starch bypassed the rumen with SFC
compared to SFR which could provide an energetic benefit to SFC. However, this is only a
hypothesis and would require more testing to support this claim.
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Another possible reason for the decreased performance for the rye groups is ergot
toxicity. Ergot toxicity has been shown to decrease intake and weight gain in several species,
including cattle, even at inclusion rates of less than 2000 mg/kg (Coppock et al, 1989; Ross et al.,
1989; Burfening, 1994; Patterson et al., 1995; Lean et al., 2001; Bourke, 2003; Naude et al, 2005,
Rahimabadi et al., 2022). Patterson et al. (1995) found decreases in gains of cattle of 30 to 100%
when exposed to ergot alkaloids. While the mechanism for this decrease is not known, one
hypothesis is that reduced performance is due to the increase in body temperature, animals’
maintenance requirements could be increased. Other researchers suggest, and have evidence to
support, that ergot alkaloids can decrease blood flow to the rumen and consequently decrease the
absorption of VFAs (Foote et al., 2013).
Another possible reason for this decreased performance could be acidosis driven.
Acidosis has been known to cause decreased intake and gains in feedlot cattle. This could also
feed into the restricted blood flow hypothesis. If absorption of VFAs from the rumen is lower in
ergot alkaloid exposed cattle, their potential to experience acidosis is greater. Additionally, rye
starch is very rapidly fermented in the rumen and has a high potential to cause acidosis
regardless, creating a high probability of acidosis in cattle fed ergot infested rye grain (Rajtar et
al., 2020a; Rajtar et al., 2020b; Krieg et al., 2017). Interestingly, all treatments in this study had
low incidence of liver abscesses which can be an indicator of acidosis during the feeding period.
While the cattle were fed Tylan throughout the feeding period, one might expect the incidence of
liver abscesses to be slightly greater if acidosis was the only factor contributing to decreased
performance in these treatments. Rusche et al. (2020) had slightly greater incidence of liver
abscesses, but no use of Tylan was documented in that study. The exact mechanism for the
decrease in performance of cattle fed rye is unclear; however, several studies have observed
decreases in performance and intake for animals fed rye grain, and more information will be
needed to determine its cause.
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Ergot toxicity symptoms are often difficult to distinguish from other health concerns. We
observed some evidence that foot health may have been compromised in cattle fed rye in this
study. The treatments for lameness in this study were 3% for the 0% treatment and 11% for the
100% rye treatment, while the 25% and 50% rye cattle had pull rates for lameness of 8% and 6%,
respectively. Several studies have found lameness and loss of extremities (ear and tail tips) to be a
common symptom of ergot toxicity, especially in very cold temperatures (Klotz, 2015, Gupta et
al., 2018, Rahimabadi et al., 2022). Since this trial took place during the winter in Nebraska, very
cold temperatures were experienced by the cattle, especially during the last month of the
experiment (lowest temperature -33°C). However, no loss of tail or ear tips were recorded during
this trial. The numerical increase in lameness could be further evidence that ergot toxicity may
have been one of the main issues in this experiment.
Overall, the decreases in performance in this study mimic the results found by Rusche et
al. (2020). The cause of these decreases is not known. Speculations about ergot toxicity, acidosis,
and general lower energy density of the grain are all valid observations for the results seen in the
present trial.
Conclusion
As rye increased in the diet, overall animal performance was decreased in this study.
Carcass characteristics reflected this decreased performance over the 140-day feeding period.
While rye can successfully replace corn in the diet of finishing steers, performance is likely to be
decreased when compared to corn-fed cattle. Additionally, there is evidence to suggest that ergot
toxicity was problematic in this study. Whether this was the direct cause of the decreased
performance is unknown. It is likely that several factors contributed to the decreased performance
of cattle fed rye including lower energy of the grain, ergot toxicity, and acidosis. More research is
needed to determine these causes and further investigate the feeding of steam-flaked rye to
feedlot cattle.
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Table 2.1. Bulk density measures (kg/L) for
steam-flaked rye and steam-flaked corn
Corn
Rye
Sample Date
10/12/2020
0.37
0.41
10/28/2020
0.36
0.41
11/09/2020
0.35
0.41
11/19/2020
0.35
0.41
11/25/2020
0.35
0.41
12/03/2020
0.35
0.40
12/11/2020
0.34
0.41
12/28/2020
0.34
0.41
01/05/2021
0.34
0.41
01/12/2021
0.34
0.41
01/20/2021
0.34
0.41
01/29/2021
0.34
0.41
02/10/2021
0.34
0.41
02/23/2021
0.34
0.41
Average
0.35
0.41
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Table 2.2. Ergot alkaloid concentration of
steam-flaked hybrid rye (DM basis)1,2,3,4
Ergot Alkaloid
Concentration, mg/kg
Ergosine
95
Ergotamine
109
Ergocornine
95
Ergocryptine
224
Ergocristine
215
Ergosinine
82
Ergotaminine
117
Ergocorinine
187
Ergocryptinine
412
Ergocristinine
342
Total
1878
1
North Dakota State University Diagnostic
Laboratory
2
Detection limit = 20 mg/kg
3
Based on 14 samples collected upon
delivery
4
Samples ranged from 1183 to 2740 mg/kg
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Table 2.3. Dietary treatment compositions (DM basis) for finishing steers fed
increasing inclusions of steam-flaked rye replacing steam-flaked corn
Treatment
Item
0%
25%
50%
100%
Steam-Flaked Corn
60.0
44.6
29.2
1.8
1
Steam-Flaked Rye
15.4
30.8
58.2
Sweet Bran
20.0
20.0
20.0
20.0
Forage Corn Silage
10.0
10.0
10.0
10.0
Corn Stalks
2.0
2.0
2.0
2.0
Corn Oil
3.0
3.0
3.0
3.0
Supplement
5.0
5.0
5.0
5.0
Fine Ground Corn
2.086
2.536
2.986
2.986
Limestone
1.60
1.60
1.50
1.5
Tallow
0.125
0.125
0.125
0.125
Urea
0.80
0.40
0
0
Salt
0.30
0.30
0.30
0.30
Trace Mineral premix
0.05
0.05
0.05
0.05
Vitamin ADE premix
0.015
0.015
0.015
0.015
Rumensin-90 premix2
0.0165
0.0165
0.0165
0.0165
Tylan-40 premix3
0.0075
0.0075
0.0075
0.0075
4
Nutrient composition
CP,%
13.1
12.7
12.3
13.6
NDF,%
19.8
22.9
25.9
31.7
ADF,%
8.5
8.8
9.1
9.6
EE,%
6.2
5.9
5.7
5.2
1
Rye inclusion was adjusted based on corn contamination on day 22
2
Supplement formulated to provide 33 mg/kg of Monensin (Elanco Animal
Health, DM Basis)
3
Supplement formulated to provide 9.7 mg/kg Tylosin (Elanco Animal Health,
DM Basis)
4
Based on monthly composited ingredients. Sample analysis was conducted at
Ward Laboratories (Kearney, NE). All values are presented on a DM basis
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Table 2.4. Contamination of steam-flaked rye
by steam-flaked corn1
Sample Date
Corn Contamination, (%)
10/12/2020
6.64
10/28/2020
12.97
11/09/2020
4.19
11/19/2020
4.11
11/25/2020

1.15

12/03/2020

2.20

12/11/2020

2.56

12/28/2020

1.68

01/05/2021

0.64

01/12/2021

1.98

01/20/2021

0.14

01/29/2021
02/10/2021

1.02

02/23/2021

0.84

1.52

Average
2.97
1
Based on as-is weight of the grain to reduce
damage of the corn flakes

75

Table 2.5. Performance and carcass characteristics of finishing yearling steers fed
increasing inclusions of steam-flaked rye replacing steam-flaked corn
Treatment
P-value
Item
0%
25%
50%
100%
SEM
Linear Quadratic
Performance
Initial BW, kg
400
399
399
400
0.8
0.66
0.50
1
Final BW, kg
694
678
671
651
3.4
<0.01
0.46
DMI, kg/d
13.9
13.5
13.1
12.7
0.11
<0.01
0.22
ADG, kg1
2.10
1.99
1.94
1.79
0.023
<0.01
0.55
G:F
0.151 0.148 0.148 0.142 0.0018
<0.01
0.67
NEm, Mcal/kg
1.81
1.78
1.76
1.74
0.016
<0.01
0.90
NEg, Mcal/kg
1.17
1.15
1.16
1.12
0.015
<0.01
0.67
Carcass
Characteristics
HCW, kg
437
427
423
410
2.1
<0.01
0.46
2
Marbling Score
594
566
563
534
12.4
<0.01
0.68
LM Area, cm2
91.0
90.3
89.7
87.1
0.90
<0.01
0.63
Backfat. Thickness,
cm
1.68
1.68
1.65
1.57
0.033
0.03
0.57
Calculated Yield
Grade3
3.69
3.66
3.63
3.57
0.07
0.16
0.98
Liver Abscesses,
%4
9.09
9.00
8.16
6.19
1
Calculated on a carcass-adjusted basis using a common dressing percentage (63%)
2
Marbling score 400 = Small, 500 = Modest, etc.
3
Calculated yield grade = [2.5 + (2.5 × Fat thickness, cm) + (0.2 × 2% KPH, %) +
(0.0038 × HCW, kg) – (0.32 × LM area, cm2)]
4
Liver scores were evaluated in SAS as a binomial distribution and was not significant (P
= 0.44)
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Dry matter offered, kg

Figure 2.1. Dry matter offered to steers during the first 37 days of the experiment
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Chapter III. Evaluation of Megasphaera elsdenii NCIMB 41125 Administration Techniques
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⁑Department of Statistics, University of Nebraska-Lincoln, Lincoln, NE USA 68583-0908
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MS Biotech, Wamego, KS
Abstract

An acidosis challenge experiment was conducted to evaluate three different
administration techniques for LactiproFLX (MS Biotech, Wamego, KS), a direct-fed microbial
product containing Megasphaera elsdenii NCIMB 41125 (a lactate-utilizing bacteria), for the
prevention of acidosis. A total of 24 ruminally cannulated steers were used in a randomized
complete block design with 4 treatments and 6 steers per treatment. Treatments consisted of a
control group which did not receive the product (CON), a group which received the commercial
dose of the product 4 d before the acidosis challenge (COMM-4), one group which received the
commercial dose of the product 1 d prior to the challenge (COMM), and one which received ten
times the commercial dose 1 d prior to the challenge (10X). No treatment differences were
detected for rumination time or dry matter intake throughout the experimental period (P ≥ 0.21).
However, there was a tendency for a treatment by time interaction during the recovery period for
rumination time where the COMM-4 treatment did not increase rumination at the same rate as all
other treatments following the challenge period (P = 0.06). The COMM-4 treatment also
maintained higher minimum and maximum pH values throughout the experiment compared to all
other treatments (P ≤ 0.01). The COMM group showed a tendency to have the greatest pH
variance and magnitude of change during the challenge period (P ≤ 0.06) while the COMM-4
group had the greatest variance and magnitude of change during the recovery period (P ≤ 0.05).
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The 10X treatment showed the least pH magnitude for the overall experiment (P = 0.04). Several
treatment effects were found for individual volatile fatty acid (VFA) concentrations throughout
the experiment with a tendency for COMM to have the greatest total VFA concentration, CON
and 10X the least, and COMM-4 intermediate during the challenge period (P = 0.10). No
treatment differences were detected for the acetate to propionate ratio (P ≥ 0.35). The COMM-4
treatment had the highest blood lactate concentrations through the entire experiment (P = 0.01)
which resulted in decreased blood pH when compared to all other treatments (P = 0.02).
Monocytes were increased for the COMM and 10X groups compared to the CON and tumor
necrosis factor alpha (TNF-α) was also increased for the 10X group compared to all other
treatments (P ≤ 0.04). No treatment effects or interactions were found for ruminal lactate or
lactate utilization (P ≥ 0.36). Overall, the COMM-4 treatment appeared to be the most effective
administration technique for maintaining rumen pH without affecting intake. Therefore,
Megasphaera elsdenii has the potential to alleviate acidosis in feedlot cattle. The results from this
study suggest that giving the bacteria time and substrate can help it to better establish in the
rumen. More research is needed to confirm our findings in this study.
Introduction
Acidosis is a large concern for cattle feeders and can have serious economic impacts on
the cattle industry. With the risk to cattle fed high-concentrate diets, considerable efforts have
been made to reduce the incidence and severity of acidotic events in the feedlot industry. One of
those efforts has been the development of Lactipro, a direct-fed microbial product containing a
specific strain of lactic acid-utilizing bacteria (Megasphaera elsdenii NCIMB 41125; MS
Biotech, Wamego, KS). The dose and administration type of this direct-fed microbial product
depends on the production system and reason for use but can provide anywhere from 5.0 × 109 to
1.0 × 1010 colony forming units (CFU) of this bacterium.
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Although lactic acid is not generally present in high amounts in the rumen under normal
circumstances, certain events such as the step-up period, severe weather events, and illness can
increase the potential for lactic acid accumulation and ultimately acidosis in feedlot cattle
(Beauchemin and Penner, 2009). Because Megasphaera elsdenii uses lactic acid, it has created
interest in the research community for preventing and treating acidosis. The theory is that an
increased Megasphaera elsdenii population would be able to control lactic acid concentrations in
the rumen and ultimately slow the decline of ruminal pH post-feeding. Additionally, this specific
strain of Megasphaera elsdenii (NCIMB 41125) has fast growth rates, is unaffected by
ionophores, and can metabolize lactate to produce end products when pH is below 5.5 (Meissner
et al., 2010). These characteristics have made this specific strain a popular target for direct-fed
microbial market.
Therefore, the objective of this study was to evaluate the effects of three administration
techniques for LactiproFLX compared to a control group in an acidosis challenge model on
rumination, dry matter intake, and ruminal and blood parameters.
Materials and Methods
All procedures involving animal care and management were approved by the University
of Nebraska Lincoln’s Institutional Animal Care and Use Committee (IACUC #: 1785).
A metabolism experiment was conducted utilizing 24 ruminally cannulated crossbred
beef steers in a randomized complete block design. Four treatments were evaluated with 6 steers
per treatment for a total of 24 animals. Three blocks of 8 steers were rotated through the
experimental room with blocks being light, medium, and heavy body weight. Steers were blocked
by weight (365 ± 21 kg), stratified by average intake, and assigned randomly to treatment. The
stratification by intake was done using the 7 d of intake measurements before the block was
moved into the experimental room (day -13 through -7). The 4 steers with the largest intake of the
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block were considered one group and the 4 the lower intakes another group. Treatments were
allocated randomly within these groups. Treatments consisted of a control group which received
no Lactipro (CON), a group which received the commercial dose of LactiproFLX (1.0 × 1010
CFU of Megasphaera elsdenii NCIMB 41125) 4 days before the acidosis challenge (COMM-4), a
group which received the commercial dose of LactiproFLX 1 d before the challenge (COMM),
and a group which received 10 times the commercial dose of Lactipro (1.0 × 1011 CFU of
Megasphaera elsdenii NCIMB 41125) 1 d before the challenge (10X). Steers were given two
weeks to recover from cannulation surgery and all blocks were then stepped onto a common
finishing diet (Table 3.1). Once recovered from surgery, continuous pH monitoring probes
(Smaxtec, Graz, Austria) were placed into the reticulum of each animal via the rumen cannula.
Rumination was measured using sensor ear tags that were placed into the left ear of each animal
before the experimental period (Cow Manager, The Netherlands).
Steers were fed a common finishing diet for 32 days before the first block began the
experimental period. The second block was fed the finishing diet for 47 d and the third block for
61 d before beginning the experimental period. The supplement used in the diet was formulated to
include 33 mg/kg monensin on a DM basis (Rumensin, Elanco Animal Health) and 90 mg/hd/day
of tylosin on a DM basis (Tylan, Elanco Animal Health). The diet was mixed in a truck mounted
mixer (Roto-mix, Dodge City, KS) at the University of Nebraska-Lincoln’s Eastern Nebraska
Research, Extension, and Education Center (ENREEC) feedlot near Mead, NE. The feed was
then loaded into a large wooden box, transported to the University of Nebraska-Lincoln’s Animal
Science building, and stored in a cooler at 4°C to ensure the quality of the diet was maintained
until more feed was needed. Animals were fed twice daily with 60% of their offered feed
delivered at 0700 h and the remaining 40% delivered at 1300 h. The total feed delivered was
adjusted daily to target ad libitum intakes. Feed refusals were collected each morning before
feeding and weighed to calculate daily DMI. Individual ingredients were sampled weekly and
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dried in a 60°C forced air oven (Model LBB2-21-1, Despatch, Minneapolis, MN) for 48 h
(AOAC, 1999, Method 4.1.03) to determine the DM content and was saved for further analysis of
nutrient content. Each experimental period was 20 days in length and each treatment was
represented by two animals in each block. Each block was rotated through the experimental room
equipped with 8 individual pens. These individual pens were equipped with rubber slatted floors,
automatic waters, individual feed bunks, and routers to collect rumen pH, and rumination data in
real-time. Each block was moved into the experimental room 6 d before the acidosis challenge
day to record baseline measurements.
Collection procedures
Rumen and blood samples were collected throughout the experimental period. Rumen
samples were collected by hand via the rumen cannula. A small cup was inserted into the rumen
and representative samples were collected. These were then combined and mixed in a large
plastic cup. From this mixture, two 50mL samples containing both fluid and particles were
obtained in conical tubes and flash frozen in liquid nitrogen for analysis of Megasphaera elsdenii
abundance and microbial community structure. The remaining content was then strained through
4 layers of cheese cloth into 3 different 50 mL conical tubes and flash frozen in liquid nitrogen.
One 15mL tube of strained fluid was retained at room temperature on days -2, 0, 1, and 2 to be
injected into glass Hungate tubes for a lactate utilization assay.
Blood samples were collected via jugular catheters that were inserted by a licensed
veterinarian 3 days before the challenge. At collection, the catheter was cleaned and flushed with
3 mL of sterile saline and 3 mL of blood was drawn into the syringe and discarded to remove any
residual saline in the catheter tubing. Then, 15 mL of blood was drawn into a new sterile syringe.
From that syringe, 1 mL of the collected blood was placed into a sterile 2 mL centrifuge tube and
drawn up with a 1 mL syringe pre-filled with 100 µL of heparin. This 1mL heparin syringe was
inserted into a blood gas analyzer for analysis immediately following collection. The remaining
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blood from the 10 mL syringe was used to fill a 10 mL vacutainer coated with 18 mg of K2
ETDA and inverted several times to minimize clotting. The cap was then removed from the tube
and a small sample was drawn by a complete blood count (CBC) machine for analysis. After the
CBC analysis, samples were centrifuged at 1000 x g for 15 minutes at 4°C. Plasma was pipetted
into sterile 2mL safe-lock centrifuge tubes and frozen at -80°C for further analysis of TNF-alpha,
a pro-inflammatory cytokine which could be a sign that cattle are experiencing acidosis.
Challenge model
Steers were placed in individual pens in the experimental room on day -6 of the
experimental period where intake, pH, and rumination recording began. Rumen content samples
were collected from all animals at 0700 h on day -4 and the COMM-4 animals were dosed with
the commercial dose of LactiproFLX via the rumen cannula immediately following the
collection. Jugular catheters were inserted by a licensed veterinarian on the morning of day -3. On
day -2, blood and rumen content samples were obtained from all animals at 0700 h. A 15 mL
conical tube of strained fluid was retained at room temperature to be used for a lactate utilization
analysis. Ten 15 mL glass tubes per animal were fitted with septum caps and pre-filled with 9.9
mL of a semi-defined lactate media and injected with 0.1 mL of rumen fluid. Ten glass tubes per
animal were injected on days -2, 0, 1, and 2 following the 0700-h collection. These tubes were
incubated in a water bath at 39°C in duplicate for either 0, 4, 8, 12, or 24 h. Once incubated for
the respective times, tubes were placed in a -20°C freezer for later analysis of lactate
concentrations. This analysis was performed to test the difference in rate of lactate disappearance
from the tubes. In theory, if there was a higher amount of lactate utilizing bacteria in the rumen
fluid that was injected into the tube, the lactate would disappear at a faster rate. Another rumen
sample was then collected, strained and flash frozen at 1100 h. All residual feed was removed
from the feed bunks at 1900 h on day -2 in order to create the 36-h restriction period. On day -1
(feed restriction day) rumen contents were sampled at 0700 h and the COMM and 10X groups
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were dosed immediately following collection with their respective doses of LactiproFLX via the
rumen cannula. Animals were only offered 50% of their previous 7-day average intake on day -1.
On day 0 (feed reintroduction day), blood and rumen content samples were collected at
0700 h as described above. A room temperature rumen fluid sample was retained for injection
and incubation of hungate tubes. Following collection, animals were offered 175% of their 7-day
average intake calculated before the restriction. The total amount of daily feed was split with 60%
of the feed offered after the 0700-h collection and the remaining 40% offered at 1300 h.
However, bunks were closely monitored, and animals which finished their morning allotment
were given their remaining feed to ensure the bunk had feed at all times on this day of the
experiment. Blood and rumen content samples were collected as stated above at 1100 h and 1700
h. Day 1 and 2 followed with identical collection procedures as described for day 0 with
collections taking place at 0700, 1100, and 1700 h. Animals were offered their 7-d average intake
on day 1. Beginning day 2, and continuing for the remainder of the experimental period, bunks
were called under the normal feeding protocols. Final rumen content samples were collected on
day 6 at 0700 h. The following two blocks followed the same collection and timing procedures
outlined above.
Laboratory Procedures
Rumen fluid samples were thawed at 4°C and centrifuged at 5,000 × g for 10 minutes at
4°C. Two mL of supernatant was pipetted into pre-labeled tubes in duplicate. Then, 0.5 mL of an
ice-cold solution of 25% meta-phosphoric acid with 25 mM crotonic acid was added to each tube
and vortexed. Samples were refrigerated at 4°C for 30 minutes. After refrigeration, tubes were
centrifuged again at 10,000 × g for 15 minutes at 4°C. Tubes were then poured into a 3mL luerlock tuberculin syringe fitted with a filter tip (25mm GDX Disposable filter, Polethersulfone
Filter Media with Polypropylene Housing and a 0.45µm Pore Size). The sample was filtered
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through the tip into a 2 mL glass vial fitted with a septum cap for VFA analysis by gas
chromatography.
Separate rumen fluid samples were thawed at 4°C and centrifuged at 5,000 × g for 10
minutes. One mL of supernatant was pipetted into centrifuge tubes in duplicate. Three mL of
0.013 N H2SO4 was pipetted in each tube. Samples were refrigerated at 4°C for one hour. After
refrigeration, tubes were centrifuged at 10,000 × g for 15 minutes. After centrifuging, the sample
was poured into a 3mL luer-lock tuberculin syringe fitted with a 0.45 µm filter tip (25mm GDX
Disposable filter, Polethersulfone Filter Media with Polypropylene Housing and a 0.45µm Pore
Size). The sample was filtered through this tip into a second 3mL luer-lock tuberculin syringe
fitted with a 0.22 µm filter tip (25mm GDX Disposable filter, Polethersulfone Filter Media with
Polypropylene Housing and a 0.22µm Pore Size). The sample was finally filtered into a 2 mL
glass vial for lactate analysis by high-performance liquid chromatography (HPLC).
Blood plasma samples were thawed at 4°C and vortexed vigorously just before 50 µl was
pipetted into a single well on a 96 well plate. The following steps used were from a procedure for
the competitive inhibition bovine TNF-alpha enzyme-linked immunosorbent assay (ELISA) used
(Cusabio, Bovine TNF-alpha ELISA kit). This kit reported a detection range of 0.1-20 ng/ml.
None of the samples were below detectable ranges, and any samples that were above this range
were diluted.
Statistical analysis
All data except area under pH 5.6 were analyzed using the MIXED procedure of SAS
(SAS Institute, Inc.) as a randomized block design with animal as the experimental unit. For
DMI, data were broken into several “periods” being overall, pre-challenge, challenge, day 1, and
recovery. The periods containing multiple days (overall, pre-challenge and recovery) were
analyzed with treatment, day, and treatment x day interaction included in the model, with day
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considered a repeated measure. For the periods with only a single day (challenge and day 1), only
treatment and block were included in the model. For all statistical analysis, six covariate
regression structures were examined, with the lowest Bayesian information criterion determined
to be the best fit. For DMI, the Toeplitz covariate structure was deemed the best fit. Rumination
time was measured hourly via the sensor ear tags placed in the left ear of each animal. These data
were summarized by day. These data were also broken into several periods with overall, prechallenge, and recovery periods and analyzed with treatment, day, and treatment by day
interaction included in the model with day considered as a repeated measure. For the periods with
only a single day (restriction and challenge), only treatment and block were included in the
model. For time spent ruminating, the ante-dependence (ANTE (1)) covariance structure was
used.
Ruminal pH measures were taken via the continuous pH probe placed into the reticulum.
pH measures were collected every ten minutes and summarized by day. All periods for the
minimum, maximum, average, variance, and magnitude of change for pH parameters used a
similar model (as stated above) in SAS, as all periods were multiple days. Treatment, day, and
treatment by day interaction were included in the model with day as a repeated measure. The
ante-dependence covariance structure was also used for these parameters.
An additional analysis was completed for rumen pH using a different method. For this
analysis data were broken into three “periods” being challenge, recovery, and overall. The
challenge period included values form days 0 and 1, the recovery period contained values from
days 2 through 5, and the overall period contained values from days 0 through 5. The periods
were analyzed with treatment, day, and treatment x day interaction included in the model, with
day considered a repeated measure. Additionally, baseline measures (from days -6 and -5) were
included as a linear covariate in the model. The ANTE(1) covariance structure was deemed the
best fit for the repeated measures.
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For area under the curve (AUC) below 5.6, a similar analysis was conducted. The effect
of treatment, block, and day on AUC (AUC calculated from the absolute value of pH values less
than or equal to 5.6) was assessed using a generalized linear mixed model approach using a
randomized complete block ANOVA design (PROC GLIMMIX; SAS v9.4). Block, treatment,
and day were considered fixed effects, baseline AUC a linear covariate, and day within animal as
a repeated measure. Significant main effects were assessed using least square means, and
differences were reported significant at the 0.05 level. When treatments were significant, multiple
comparison means were adjusted using Tukey’s adjustment. An ARH(1) covariance structure was
used for the repeated measures.
For volatile fatty acid (VFA) concentration, the periods used were pre-challenge,
restriction, challenge, and recovery. Because there were several rumen samples collected daily,
all periods, but the restriction period, used a similar model as described above but utilized time of
collection as the repeated measure instead of day. For the restriction period, only treatment and
block were included in the model. The compound symmetry covariance structure was used for
these parameters. Similar models were used for blood parameters; however, the ante-dependence
covariate structure was used.
For lactate utilization, the MIXED procedure of SAS was used with treatment, time, and
treatment by time included in the model. Each day the assay was completed was analyzed
separately. Ruminal lactate concentrations were analyzed similarly by day with treatment, time,
and treatment by time included in the model. The compound symmetry covariance structure was
used for both of these parameters. Probabilities less than or equal to alpha (P ≤ 0.05) were
considered significant with P-values between 0.05 and 0.10 considered tendencies.
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Results and Discussion
Dry matter intake and rumination
No significant treatment differences or interactions were detected for DMI during any
periods of the experiment (P ≥ 0.34; Table 3.2). Several other studies investigating the use of M.
elsdenii in cattle also have not shown any effects on DMI (Leeuw et al., 2009; McDaniel et al.,
2009b; Drouillard et al., 2012; Thieszen et al., 2015, DeClerck et al., 2020). Additionally, the
small number of animals in this experiment made it challenging to distinguish slight changes in
DMI. However, DMI was affected by day with intake decreasing up to the challenge day and then
increasing during the recovery phase (P < 0.01; Table 3.2). We hypothesized that the decrease in
intake over the pre-challenge period was due to the catheterization of the animals 3 d before the
challenge. Additionally, animals decreased intake immensely the day following the challenge as
expected, and then slowly increased to pre-challenge levels by day 6. Figure 3.1 displays both
DMI and rumen pH which shows the day effect across the experimental period.
There was no effect of treatment on time spent ruminating during any period of the
experiment (P ≥ 0.21; Table 3.3). There was a tendency (P = 0.06) for a treatment by time
interaction for rumination time during the recovery period, where the COMM-4 treatment did not
increase rumination at the same rate as all other treatments following the challenge period. A day
effect was observed for all periods containing multiple days (P ≤ 0.01). A clear decrease was
observed in rumination during the restriction and challenge period as one might expect. Even into
the first day of recovery, rumination time was lower than expected (Table 3.3). All treatments
decreased to around 100 minutes per day on day 0 and then increased towards pre-challenge
levels during the recovery phase (days 1 through 5). Aside from the COMM-4 treatment, all other
groups returned to pre-challenge levels by day 5.
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Rumen pH
The effects of treatment on ruminal pH are presented in Table 3.4. Figure 3.1 was
included which depicts both DMI and rumen pH on a single graph. Due to the large variation in
intake between days, specifically days -3 through 2, day impacted ruminal pH (Table 3.4). There
was a tendency for treatments to differ for minimum pH during the pre-challenge (P = 0.09) and
challenge periods (P = 0.10). For the pre-challenge period the COMM-4 treatment had the
highest minimum pH, CON and COMM groups had the lowest pH, and the 10X group was
intermediate. The challenge period displayed the same trends as the pre-challenge period. The
overall minimum pH was also different among treatments with the COMM-4 group having the
highest pH when compared to all other treatments (P < 0.01; Table 3.4). No statistical difference
was detected for minimum pH during the recovery period. These results suggest that at least some
of the animals in this experiment experienced acidosis to some extent, particularly the animals on
the COMM and CON treatments as the minimum pH for these treatments was around 5.06 during
the challenge period.
The 10X and COMM-4 treatments had significantly greater minimum pH values during
the challenge period at above 5.40. These animals still likely experienced some subacute acidosis,
but not to the extent of the other two treatments. We expected the 10X dose would alleviate
acidosis to a higher degree than the commercial dose. Additionally, previous work with M.
elsdenii has shown that a viable population of this bacterium can be established in 4-5 days
following concentrate introduction (Henning et al., 2010a; Mazon et al., 2020). It was
hypothesized in these studies when creating the administration techniques that the bacterium
might need time to establish in the rumen before the challenge period. The COMM-4 results
suggest that administering the product 4 d before a challenge can increase the products ability to
maintain higher ruminal pH.
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Maximum pH also contained significant treatment differences for the recovery (P = 0.02;
Table 3.4) and overall experimental period (P = 0.01; Table 3.4). During the recovery period, the
COMM-4 treatment group had a higher maximum pH (6.90) than all other treatments (6.36). This
was not surprising as this treatment also resulted in a greater overall minimum pH. For the overall
examination, the 10X treatment had the lowest maximum pH. This was surprising as the 10X
treatment had increased minimum pH during the challenge period when compared to the COMM
group. While DMI was not different among treatments, the rate of intake could have been
different for the COMM and 10X animals. For average pH, the only statistical difference was a
significant treatment by day interaction for the pre-challenge period (P = 0.05). The interaction
was due to an increasing average pH for the CON and 10X groups, and a decrease for COMM-4
and CON groups as the days of the experiment progressed (days -6 through -2). It is unclear why
this occurred, but there were no treatment differences detected.
Significant differences were also detected for pH variance during the challenge (P = 0.05)
and recovery periods (P = 0.05). For the challenge period, the COMM group had the greatest
variance, 10X the least variance, and CON and COMM-4 being intermediate. During the
recovery period, COMM-4 had the largest variance, with CON and 10X having the least, and
COMM being intermediate. The reasoning behind this change in trends for the treatments across
periods is unclear. It could be due to intake or other factors during the recovery period. Several
significant differences were also detected between treatments for magnitude of change in pH for
all periods except pre-challenge. During the challenge period, the COMM group held the largest
magnitude of change, 10X the least, and CON and COMM-4 being intermediate (P = 0.06). In
the recovery period, the COMM-4 group maintained the highest magnitude of change, CON and
10X being lowest, and the COMM group remained intermediate (P = 0.03). Finally, the overall
magnitude of change was greatest for the CON and COMM treatments, least for the 10X group,
and intermediate for the COMM-4 treatment (P = 0.04). Again, why these trends occurred is
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unclear. The COMM-4 treatment had the highest minimum and maximum pH values during the
overall period. This again could be due to rate of intake for this treatment or other factors. For the
10X treatment, the reasoning for the decreased magnitude of change and variance could be due to
the rapid utilization of lactic acid by the elevated population of M. elsdenii or it could be related
to rate of intake or meal size.
The effects of treatment on ruminal pH using pre-challenge values as a linear covariate
are presented in table 3.5. The pre-challenge values used are reported in table 3.6. Including the
pre-challenge covariate removed the significance of treatment for minimum pH during the
challenge period (P = 0.14; Table 3.5), though there was still a tendency for minimum pH to be
affected by treatment for the overall period with the CON and 10X groups holding the greatest
minimum pH, COMM-4 being intermediate, and COMM being the lowest (P = 0.10; Table 3.5).
This does not agree with the previous analysis as it showed COMM-4 group maintaining higher
pH values compared to all other treatments (P < 0.01; Table 3.4). This is likely due to the
adjustments of the data by the pre-challenge covariate. No treatment effect was detected for
minimum pH during the recovery period (P = 0.12; Table 3.5).
For Maximum pH there were no significant effects of treatment during the challenge
period. During the recovery period there was a tendency for the COMM-4 group to have the
highest maximum pH compared to the 10X and CON groups with COMM being intermediate (P
= 0.07; Table 3.5). While there was no significant effect of treatment for the overall period (P =
0.70), there was a tendency for a treatment by day interaction where the 10X treatment was
decreasing over time as the other three treatments were increasing (P = 0.10). This was similar to
the previous analysis which found the COMM-4 to have the highest maximum pH compared to
all other treatments during the recovery period (P = 0.02; Table 3.4).
For average pH there was a tendency for the COMM group to have a lower average pH
than all other treatments during the challenge period (P = 0.08; Table 3.4). No significant
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treatment effects or interactions were found for the recovery period (P = 0.35; Table 3.5), though
for the overall period there was a tendency for the COMM-4 and 10X treatments to higher
average pH values than the COMM group with CON being intermediate (P = 0.10; Table 3.5). In
the previous analysis there were no significant treatment effects for average pH (P ≥ 0.11; Table
3.4). Again, this is likely due to the adjustments from the pre-challenge covariate.
For pH variance, significant treatment effects were found for every period. During the
challenge period, the COMM group showed the greatest variance with the CON group being
intermediate and the 10X and COMM-4 groups showing the lowest variance (P = 0.05; Table
3.5). For the recovery period, the COMM and COMM-4 groups had greater variance measures
than the CON and 10X groups (P < 0.01; Table 3.5), with the overall group carrying the same
trends (P = 0.02). A similar pattern was shown in the previous analysis for the challenge and
recovery periods but did not show any effect on the overall period (P = 0.12; Table 3.4).
Similarly for pH magnitude, all periods showed significant treatment effects. For the
challenge period, there was a tendency for the 10X group to have decreased magnitude compared
to the COMM groups with the CON and COMM-4 groups being intermediate (P = 0.07; Table
3.5). For both the recovery and overall periods, the CON and 10X groups maintained lower pH
magnitude compared to the COMM and COMM-4 groups (P < 0.01; Table 3.5). These trends
also differed from the previous analysis likely due to the use of the pre-challenge covariate.
For area under the curve below a pH of 5.6 there was a significant day effect as expected
due to the nature of the acidosis challenge. There was also a tendency for an effect of treatment
with the COMM-4 treatment having the greatest AUC, COMM being intermediate, and CON and
10X being the lowest (P = 0.09; Table 3.5). This was somewhat unexpected as the COMM-4
group had a higher average pH for the overall period. This treatment did however have greater pH
variance and magnitude of change for the overall periods. This treatment also showed a tendency
for higher pre-challenge pH according to the analysis without the covariate (P = 0.09).
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Additionally, these results do not agree with those from Mazon et al (2020), as they saw
decreased AUC below 5.6 when animals were dosed with Megasphaera elsdenii 4 days prior to
an acidosis challenge.
If using the results from the analysis using the pre-challenge covariate, the trends do not
support previous research from Mazon et al (2020) for the COMM-4 group but have similar
results for the COMM group. The results from this analysis suggest that the 10X treatment had
the best results in terms of maintaining higher average pH and lower variance and magnitude of
change. The larger AUC for the COMM-4 treatment is puzzling because when looking at figure
3.1, the COMM-4 treatment appeared to have the lowest AUC when compared to the other
treatments. The adjustment from the covariate likely adjusted the area due to the pre-challenge
values for this treatment being higher on days -6 and -5. Overall, it appeared that irrespective of
analysis, the COMM group did not help maintain rumen pH. The 10X treatment helped maintain
rumen pH in both analyses and the COMM-4 treatment’s effects are less clear.
Volatile fatty acid concentration
For the VFA concentration (mM) from the collected rumen fluid, no significant
interactions or treatment differences were found for propionate or valerate during any of the
periods (P ≥ 0.17; Table 3.7). Similarly, no interactions or treatment differences were detected for
the pre-challenge, restriction, or challenge periods for acetate during recovery. There was a
tendency for the COMM group to have a lower acetate concentration than the 10X or CON
groups with COMM-4 being intermediate (P = 0.07). A tendency for an interaction for
isobutyrate during the challenge period was also detected (P = 0.08). The CON group had a
slower decline in isobutyrate across time than the other 3 treatments with the COMM group
having the least average concentration of isobutyrate, the 10X and CON groups having the
greatest concentrations, and COMM-4 being intermediate. Interestingly, there was also a
significant treatment effect for isobutyrate during the recovery period with the COMM-4 group
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having the lowest concentration compared to the other three treatments (P = 0.04). No significant
differences were found for the pre-challenge or restriction phases for isobutyrate. A significant
treatment effect for butyrate was found during the pre-challenge period, with the COMM-4 group
being statistically greater than the other 3 treatment groups (P = 0.02). This was to be expected as
one product of lactic acid fermentation by Megasphaera elsdenii is butyrate. The COMM-4 group
was dosed 4 days before the challenge, which means theoretically, that group should have
contained a larger population of Megasphaera elsdenii in the rumen at these time points than the
other treatments. Previous research has shown increases in butyric acid in M. elsdenii dosed cattle
when compared to a control (Henning et al., 2010a, Weimer et al., 2015). However, it was noted
that the VFAs produced by M. elsdenii can differ based on the pH of the environment (Counotte
et al., 1981), substrates available (Rogosa, 1984), and dilution rate (Horn et al., 2009). There was
also a tendency for a treatment by time interaction for butyrate during the challenge period where
the 10X treatment did not increase in butyrate at the same rate compared to the other three
treatments (P = 0.08). No significant differences were detected during the other periods for
butyrate. For isovalerate, there was a significant treatment by time interaction during the
challenge period due to the 10X group increasing at a slower rate over time compared to the other
three treatments (P = 0.02). There was also a tendency for a treatment effect during the challenge
period for total VFA concentration (P = 0.10). A greater total VFA concentration for the COMM
group, lower total concentration for the CON and 10X groups, and intermediate concentration for
the COMM-4 group. Very few studies have found differences in total VFA concentration when
M. elsenii was dosed. McDaniel et al. (2009a) found decreased total VFA concentration 24 h after
a challenge for the placebo group compared to the groups dosed with M. elsdenii, and then no
treatment differences following that period. Weimer et al. (2015) also found no differences in
total VFA concentration between the control and inoculated cows. Therefore, the reason for the
tendency for differences between treatments during the challenge period in this study is unclear.
It could be linked to intake rate, microbial community structure, or other unknown reasons. For
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the acetate to propionate ratio (A:P), no significant interactions or treatment effects were detected
during any periods of the experiment (P ≥ 0.30; Table 3.8).
Overall, these data support previous studies that have analyzed VFAs for cattle treated
with M. elsdenii. However, as previously stated, the products of fermentation by M. elsdenii can
shift based on several factors in the environment. Additionally, due to the small sample size and
large variation between animals, it was difficult to pick-up some of the small differences in VFA
concentration between treatments.
Blood parameters
Effects on blood parameters are presented in Tables 3.9, 3.10, and 3.11. No significant
treatment by time interactions for blood gas parameters were found aside from pO2 during the
recovery period. There were significant treatment effects on blood lactate during both the
challenge and recovery periods (P = 0.01; Table 3.9). For the challenge period, the COMM-4 and
10X treatments were greater (P < 0.01) than the CON and COMM treatments. For the recovery
period, the COMM-4 treatment remained higher (P < 0.01) than all other treatments. This is
intriguing, as the COMM-4 group sustained higher rumen pH values during the challenge period.
It is unclear why the blood lactate levels are higher in this group compared with the other
treatments. Krehbiel et al. (1995) investigated blood lactate levels in lambs during an acidosis
challenge and observed much higher values than in the present experiment. This could suggest
the acidosis model for this experiment was not as severe, or species differences could be causing
this difference as well. Due to the increased blood lactate, a significant treatment effect was also
detected for blood pH during the recovery period with the COMM-4 group carrying the lowest
pH compared to all other treatments (P < 0.01; Table 3.9). No significant interactions or
treatment effects were found for pCO2 during the pre-challenge or challenge periods. A tendency
for the COMM treatment to be lower than all others was detected for pCO2 during the recovery
period (P = 0.09). There was also a significant treatment effect for pO2 during the pre-challenge
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period where the COMM-4 treatment had the greatest pO2, CON was intermediate, and COMM
and 10X had the least (P < 0.01). The reason for these differences is not clear, especially since
this effect was during the pre-challenge period. As previously stated, there was a tendency for an
interaction for pO2 during the recovery period where the 10X treatment maintained a relatively
constant pO2 and the rest of the treatments increased over time. The reasoning for these results is
not clear, as some of the trends in these data are not what we expected to see. More research will
need to be done to determine if these trends occur during other similar experiments.
For the CBC analysis, no significant interactions or treatment effects were found for
white blood cells (WBC) or lymphocytes (LYM). There were significant treatment effects for
monocytes (MONO) for every period during the experiment. During the pre-challenge period, the
CON and COMM-4 treatments had the lowest count of MONO, 10X had the greatest, and
COMM was intermediate (P = 0.04; Table 3.10). Interestingly, during the challenge period, all M.
elsdenii treatments had higher MONO counts than the control group (P < 0.01). In the recovery
period, the COMM treatment sustained the greatest MONO counts, CON still had the least, and
COMM-4 and 10X treatments were intermediate. Why this occurred is unclear. Monocytes are a
type of white blood cell which have key functions in immune and inflammatory responses. They
can sense pathogens, phagocytose microbes, and produce cytokines (Geissmann et al., 2010).
Why MONOs were increased in the 10X groups during the pre-challenge is not clear. The
differences in the dosed cattle for the challenge and recovery period are also intriguing. Perhaps
this could be a response to the M. elsdenii strain that was introduced. It is possible that the
immune systems of the steers did not recognize this strain. However, this would likely require the
bacterium to enter the blood stream, which should not have occurred unless there was damage to
the epithelial tissue in the rumen. Damage to the epithelium in the rumen would likely be due to
extreme acidotic conditions which the 10X and COMM-4 group did not appear to experience.
Additionally, there was a tendency for granulocytes (GRAN) to be statistically greater for the
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COMM group during the recovery period, CON and COMM-4 being the least, and the 10X group
being intermediate (P = 0.10). Again, this could be due to bacteria entering the blood stream due
to damage to the epithelial tissue. Unfortunately, there is no clear explanation at this time for
these trends in CBC results.
For TNF-α concentrations, no statistical differences or interactions were detected for the
pre-challenge or challenge periods (P ≥ 0.20; Table 3.11). There was a treatment by time and
interaction detected for both the recovery period and overall analysis. During the recovery period,
the interaction was due to increases in TNF-α for the CON and 10X groups, while the other two
treatments remained stable at around 1ng/mL. For the treatment effects, the 10X treatment was
found to be greater than all other treatments (P <0.01). Similar effects were seen for the overall
analysis with the same treatment differences and interaction found (P = 0.01). The increase in
TNF-α for the 10X treatment is likely linked to the increased MONOs and GRANs for this
treatment. Though, the reason for this increased immune response in the 10X treatment is not
clear. Our hypothesis before beginning the experiment was that the cattle dosed with the product
would have lower TNF- α levels due to acidosis mitigation, though the data do not support this
hypothesis. Overall, the results from the blood parameters do not have a clear reasoning behind
them. More research will need to be done with these blood parameters in M. elsdenii studies to
validate or challenge the findings in this study.
Lactate utilization and rumen lactate
No significant treatment by time interactions were detected for lactate utilization.
Additionally, no treatment differences were found for any of the days measured (P ≥ 0.36; Table
3.12). There was a day and time effect as expected (P < 0.01). All 0 h time points were very close
among treatments, suggesting the inoculation of tubes with the 0.1 mL of rumen fluid was fairly
accurate. While no treatment differences were found, it is intriguing to investigate the differences
between days. On d -2, the 12 h time point averaged approximately 2.6913 g/L of lactate while on
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day 0, the 12 h time point averaged 3.2371. This is a relatively large difference in lactate
utilization. As previously stated, the day 0 collection was conducted at 0700 h before the
reintroduction of feed. This collection day would be representing the restricted animals’ rumen.
As one might expect, when the animals were restricted, the bacterial population (especially
lactate utilizers) likely decreased as this would explain the greater 12 h lactate concentration for
this day. The day 1 and day 2 values decreased considerably to 0.9269 and 1.592 g/L
respectively. This was likely due to an increase in lactate-utilizing bacteria during the challenge
period or from the dosing of animals with Megasphaera elsdenii. However, even the CON group
experienced this trend in values, suggesting this effect was not solely due to the treatment. Even
though no treatment differences were detected, it was interesting to see the difference in
utilization between days.
No treatment differences in rumen lactate concentration were detected (P ≥ 0.56; Table
3.13). Additionally, relatively few of the samples contained rumen lactate (around 13%). Because
of the low number of samples containing lactate, the values in Table 3.13 are shifted down and
may not accurately represent the concentrations that were observed. Some animals never
presented rumen lactate, causing questions regarding if the acidosis challenge model was
successful at inducing acidosis. The concentrations we did observed ranged from 0.12 to 0.96
mM. According to Beauchemin and Penner (2009), lactate concentrations under normal
circumstances in the rumen are very low, often less than 1mM which match with the
concentrations we observed. Additionally, Henning et al. (2010) conducted an acidosis challenge
experiment with 12 ruminally cannulated steers and showed that before the challenge, the average
ruminal lactate concentrations were close to 0.37 mM. Once the challenge was induced in their
experiment, they saw a spike in rumen lactate concentrations which peaked around 20.8 mM for
the control group while the group dosed with Megasphaera elsdenii remained close to prechallenge levels (Henning et al., 2010). The minimum rumen pH measures for this experiment
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were approximately 5.1 making it similar to the minimum pH measures for the CON and COMM
groups in the present experiment. With the similarity in rumen pH measures between the two
studies, one would expect to see similar values for rumen lactate concentrations which we did not
observe. Therefore, the reason behind so few of the samples containing lactate in this study is
unclear.
Conclusion
Dosing cattle with Megasphaera elsdenii NCIMB 41125 has the potential to decrease the
risk of acidosis. Additionally, dosing cattle 4 d before a potential acidotic event seems to be more
effective in terms of maintaining rumen pH. Administration of M. elsdenii did not affect DMI or
rumination time. While average rumen pH was not affected by treatment, the COMM-4 treatment
maintained greater minimum and maximum pH values compared to all other treatments. While
the COMM-4 treatment had intermediate pH variance and magnitude values during the challenge
period, it had increased values during the recovery period compared to the other treatments,
possibly due to feeding behavior. The 10X group appeared to have the least pH variance and
magnitude of change when compared to all other treatments, suggesting that this treatment was
effective at decreasing the changes in rumen pH. However, this treatment also had a lower total
VFA concentration compared to the COMM group with COMM-4 being intermediate and CON
being similar to the 10X group, giving potential reasoning behind the decreased variation in pH.
The COMM-4 group also had increased blood lactate and decreased blood pH compared to all
other treatments during the recovery period. The reasoning behind these differences is unclear.
Additionally, all treated groups had increased monocyte counts compared to the control group
and the 10X group showed increased TNF-α compared to all other groups. The reason behind
these results is not clear either. More research will need to be done with blood parameters to
support or refute these results. No treatment differences were detected for ruminal lactate or
lactate utilization during any period of the experiment. In conclusion, the COMM-4 treatment
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showed the most potential to stabilize rumen pH during an acidosis challenge. This suggests that
the bacteria need time and substrate in order to establish in the rumen before the challenge.
However, more research will need to be completed to support these claims in a more severe
acidosis challenge.
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Table 3.1. Dietary composition for all treatments
Ingredient
DM Inclusion (%)
Steam-flaked corn
68
Modified distillers’ grains
18
Alfalfa hay
9
1
Supplement
Fine ground corn
2.32
Limestone
1.67
Tallow
0.125
Urea
0.5
Salt
0.3
Vitamin A-D-E Premix
0.05
Beef Trace Premix
0.015
Rumensin Premix2
0.017
Tylan Premix3
0.003
1
Supplement included in the diet at 5% DM
2
Formulated to supply 33 mg/kg DM of Rumensin
3
Formulated to provide 90 mg per steer daily of Tylosin
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Table 3.2. Dry matter intake of diet by treatment
Treatment
P-value
Item
CON COMM COMM- 10X SEM TRT
Day
TRT
4
*Day
DMI, kg/d
Overall1
9.6
9.7
9.8
10.0 0.20 0.62
<0.01
0.82
Pre-challenge2
9.3
9.9
9.6
9.6 0.24 0.34
<0.01
0.73
3
Challenge
14.8
14.3
15.3
15.9 0.80 0.50
Day 1
6.9
6.2
7.5
7.4 0.97 0.77
Recovery4
9.6
9.3
9.1
9.7 0.53 0.52
<0.01
0.64
1
Values represent average intake over entire period from day -6 through 5 (excluding -1)
2
Values represent average intake for days -6 through -2
3
Values represent average intake for the acidosis challenge day (Day 0) only
4
Values represent average intake for days 2 through 5
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Table 3.3. Time spent ruminating
Item

CON

Treatment
COMM COMM
-4

10X

Rumination, min/day
Pre-challenge1
297
270
232
266
Restriction2
228
261
207
256
3
Challenge
114
121
114
147
Recovery4
187
202
140
182
Overall5
238
229
175
219
1
Prechallenge period consisted of days -6 through -2
2
Restriction period consisted of day -1
3
Challenge period consisted of day 0
4
Recovery period consisted of days 1 through 5
5
Overall data included days -6 through 5

SEM

TRT

P-value
Day

35.8
45.5
17.3
28.2
29.8

0.66
0.82
0.48
0.47
0.21

0.01
<0.01
<0.01

TRT
*Day
0.38
0.06
0.29
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Table 3.4. Minimum, maximum, average, variance, and magnitude of change of ruminal
pH
Treatment
P-value
Item
CON
COMM
COM
10X
SEM
TRT
Day
TRT
M-4
*Day
Minimum pH
Pre-challenge1
5.70a
5.64a
5.99b
5.76ab
0.100
0.09
0.23
0.11
2
ab
a
c
Challenge
5.09
5.04
5.47
5.41bc
0.145
0.10
<0.01
0.56
Recovery3
5.64
5.49
5.85
5.53
0.127
0.17
0.38
0.46
Overall4
5.57a
5.50a
5.89b
5.64a
0.078
<0.01
<0.01
0.14
Maximum pH
Pre-challenge
6.72
6.67
6.93
6.62
0.136
0.37
0.02
0.89
Challenge
6.42
6.44
6.68
6.48
0.164
0.66
0.71
0.15
Recovery
6.30a
6.54a
6.90b
6.25a
0.156
0.02
<0.01
0.11
Overall
6.57a
6.61a
6.97b
6.38a
0.116
0.01
<0.01
0.38
Average pH
Pre-challenge
6.15
6.24
6.41
6.24
0.132
0.57
<0.01
0.05
Challenge
5.55
5.56
5.87
5.79
0.142
0.30
0.02
0.50
Recovery
6.01
5.93
6.21
5.93
0.141
0.44
0.20
0.78
Overall
6.06
5.99
6.31
6.04
0.097
0.11
<0.01
0.18
pH Variance
Pre-challenge
0.31
0.27
0.27
0.25
0.021
0.32
0.54
0.51
ab
b
a
a
Challenge
0.36
0.41
0.35
0.30
0.027
0.05
<0.01
0.26
Recovery
0.20a 0.25ab
0.28b
0.19a
0.025
0.05
<0.01
0.16
Overall
0.28
0.29
0.28
0.24
0.014
0.12
<0.01
0.14
pH Magnitude
Pre-challenge
1.09
0.98
0.89
0.89
0.068
0.16
0.24
0.48
Challenge
1.27ab 1.45bc
1.23ab
1.06a
0.092
0.06
<0.01
0.38
Recovery
0.82a 0.97ab
1.02b
0.66a
0.084
0.03
0.14
0.33
b
b
ab
a
Overall
1.04
1.06
0.97
0.86
0.049
0.04
<0.01
0.26
a-c
Means without common superscripts are different (P < 0.10)
1
Pre-challenge period consists of days -6 through -2
2
Challenge period consists of days 0 and 1
3
Recovery period consists of days 2 through 5
4
Overall includes all days
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Table 3.5. The pH values and area under the curve (AUC) with pre-challenge covariate1
Treatment
P-value
Item
CON COMM COMM-4 10X
SEM
TRT
Day
Minimum pH
Challenge2
Recovery3
Overall4
Maximum pH
Challenge
Recovery
Overall
Average pH
Challenge
Recovery
Overall
pH Variance
Challenge
Recovery
Overall
pH Magnitude
Challenge
Recovery
Overall
AUC ≤ 5.65

5.33
5.82
5.61b

5.03
5.50
5.34a

5.24
5.55
5.49ab

5.41
5.65
5.57b

0.120
0.091
0.083

0.14
0.12
0.10

<0.01
0.33
<0.01

0.56
0.48
0.35

6.46
6.40a
6.40

6.46
6.54ab
6.51

6.53
6.74b
6.64

6.56
6.32a
6.46

0.104
0.114
0.109

0.87
0.07
0.70

<0.01
<0.01
<0.01

0.15
0.12
0.10

5.72a
6.11
5.92ab

5.53b
5.88
5.76a

5.71a
6.08
5.95b

5.82a
6.01
6.01b

0.076
0.097
0.073

0.08
0.35
0.10

0.02
0.14
<0.01

0.50
0.78
0.75

0.37ab
0.18a
0.24a

0.41b
0.26b
0.31b

0.34a
0.29b
0.31b

0.30a
0.19a
0.23a

0.027
0.022
0.020

0.05
<0.01
0.02

<0.01
<0.01
<0.01

0.26
0.17
0.12

1.27ab
0.71a
0.88a
107.7a

1.45b
0.98b
1.12b
148.1ab

1.23ab
1.11b
1.17b
196.5bc

1.06a
0.68a
0.82a
128.0

0.098
0.071
0.063
38.36

0.07
<0.01
<0.01
0.09

<0.01
0.11
<0.01
<0.01

0.38
0.35
0.31
-

a
a-c

Means without common superscripts are different (P < 0.10)
Baseline values (day -6 and -5) were used as a linear covariate in the analysis
2
Challenge period consists of days 0 and 1
3
Recovery period consists of days 2 through 5
4
Overall period consists of days 0 through 5
5
Area under the curve was calculated using pH values from days 0 through 5
1

TRT*
Day
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Table 3.6. Pre-challenge covariate values by treatment1
Treatment
Item
CON
COMM
COMM-4 10X
Minimum pH
5.53
5.77
6.09
5.75
Maximum pH
6.67
6.71
6.91
6.69
Average pH
6.12
6.30
6.49
6.21
pH Variance
0.34
0.27
0.25
0.28
pH Magnitude
1.14
0.95
0.82
0.94
1
Values presented are averaged values from days -5 and -6
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Table 3.7. The mM concentration of volatile fatty acids from collected rumen fluid
Treatment
P-value
Item
CON
COMM
COMM- 10X
SEM
TRT Time TRT*
4
Time
Acetate
Pre-challenge1 51.88
55.42
56.37
52.68
3.876
0.82 <0.01
0.82
Restriction2
30.88
29.16
30.34
26.40
2.942
0.71
Challenge3
76.75
81.09
80.12
71.10
3.760
0.26 <0.01
0.23
Recovery4
73.08b
64.38a
68.42ab
73.48b
2.765
0.07 <0.01
0.87
Propionate
Pre-challenge 53.32
57.44
56.06
55.23
5.552
0.96 <0.01
0.53
Restriction
15.99
16.56
13.81
10.78
2.794
0.47
Challenge
71.09
85.84
71.83
68.84
5.876
0.17 <0.01
0.18
Recovery
93.89
86.88
87.00
94.38
5.274
0.60 <0.01
0.78
Isobutyrate
Pre-challenge 1.40
1.32
1.30
1.16
0.115
0.51
0.06
0.48
Restriction
1.06
0.94
1.02
0.95
0.090
0.74
Challenge
0.89b
0.63a
0.79ab
0.88b
0.075
0.08
0.89
0.08
Recovery
1.11b
1.04b
0.89a
1.09b
0.064
0.04 <0.01
0.15
Butyrate
Pre-challenge 5.60a
6.40a
9.60b
6.17a
0.859
0.02 <0.01
0.33
Restriction
2.16
2.46
3.13
2.86
0.401
0.36
Challenge
9.72
11.50
13.42
11.55
1.559
0.44 <0.01
0.08
Recovery
8.71
9.60
8.84
9.58
1.107
0.87
0.43
0.48
Isovalerate
Pre-challenge 1.14
1.15
1.05
1.02
0.182
0.94
0.45
0.71
Restriction
1.44
0.95
1.82
1.94
0.408
0.34
Challenge
1.34
0.95
1.47
1.52
0.348
0.65
0.36
0.02
Recovery
1.09
0.95
1.09
0.84
0.172
0.68 <0.01
0.56
Valerate
Pre-challenge 2.17
2.62
2.86
1.78
0.643
0.65 <0.01
0.11
Restriction
0.41
0.56
0.60
0.51
0.177
0.88
Challenge
4.13
4.88
4.81
4.24
0.512
0.53 <0.01
0.19
Recovery
4.56
4.81
5.03
4.62
0.666
0.94
0.48
0.78
Total
Pre-challenge 115.50
124.29 127.24
118.05
8.859
0.77 <0.01
0.31
Restriction
51.93
50.63
50.52
43.46
5.763
0.73
Challenge
164.80a 185.32b 172.53ab 156.61a 7.935
0.10 <0.01
0.12
Recovery
181.47
168.10 170.04
185.73
8.296
0.34 <0.01
0.84
a-c
Means without common superscripts are different (P ≤ 0.10)
1
Pre-challenge period consisted of samples taken at 0700 h and 1100 h on day -2
2
Restriction period consisted of one sample per animal taken at 0700 h on day 0 (before feeding).
3
Challenge period consisted of samples taken at 1100 h and 1700 h on day 0 and 0700 h on day 1.
4
Recovery period consisted of samples taken at 1100 h and 1700 h on day 1 and 0700h, 1100 h,
and 1700 h on day 2
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Table 3.8. Acetate to propionate ratio from collected rumen fluid
Treatment
Item
CON COMM COMM-4 10X SEM TRT

P-value
Time TRT*
Time

Period
Pre-challenge1
0.99
0.97
1.11
0.99 0.115 0.84
0.47
0.39
Restriction2
2.25
1.86
2.46
2.70 0.310 0.30
3
Challenge
1.10
1.10
1.21
1.16 0.078 0.47 <0.01
0.77
Recovery4
0.81
0.80
0.77
0.74 0.033 0.35 <0.01
0.80
1
Pre-challenge period consisted of samples taken at 0700 h and 1100 h on day -2
2
Restriction period consisted of one sample per animal taken at 0700 h on day 0 (before
feeding).
3
Challenge period consisted of samples taken at 1100 h and 1700 h on day 0 and 0700 h
on day 1.
4
Recovery period consisted of samples taken at 1100 h and 1700 h on day 1 and 0700h,
1100 h, and 1700 h on day 2
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Table 3.9. Blood lactate, pH, and gas parameters
Treatment
P-values
Item
CON
COMM COMM- 10X SEM TRT
Time TRT*
4
time
Lactate, mM
Pre-challenge1
0.44
0.46
0.48
0.54 0.051 0.52
0.03
0.83
Challenge2
0.62a
0.60a
0.67b
0.69b 0.020 0.01
<0.01
0.65
Recovery3
0.53a
0.51a
0.62b
0.50a 0.027 0.01
<0.01
0.34
pH
Pre-challenge
7.43
7.43
7.42
7.42 0.007 0.73
<0.01
0.88
Challenge
7.42
7.42
7.41
7.42 0.007 0.43
0.45
0.48
Recovery
7.40a
7.39a
7.38b
7.40a 0.007 0.02
<0.01
0.25
pCO2, mmHg
Pre-challenge
42.73
42.83
41.60
43.62 0.977 0.55
0.66
0.70
Challenge
41.94
41.17
41.59
42.64 1.040 0.78
0.63
0.54
a
b
a
a
Recovery
43.00
40.05
42.64
43.47 0.991 0.09
0.03
0.12
pO2, mmHg
Pre-challenge
37.18b
35.26a
38.95c
36.72b 0.586 <0.01
0.52
0.64
Challenge
40.11
39.27
40.92
38.49 1.319 0.60
0.28
0.71
Recovery
40.75
38.85
41.18
38.54 1.206 0.34
<0.01
0.06
a-c
Means without common superscripts are different (P < 0.10)
1
The pre-challenge period consisted of samples collected at 0700h on day -2 and day 0
2
The challenge period consisted of samples collected at 1100h and 1700h on day 0, and 0700h
on day 1
3
The recovery period consisted of samples collected at 1100h and 1700h on day 1 and 0700,
1100, and 1700h on day 2
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Table 3.10. Complete blood count analysis
Treatment
P-values
Item
CON COMM COMM-4 10X SEM TRT Time TRT*Time
White Blood Cells
Pre-challenge1 7.52
8.56
8.58
9.32
0.512 0.12 <0.01
0.46
Challenge2
7.72
8.93
8.16
8.80
0.465 0.23
0.94
0.50
3
Recovery
8.08
9.23
8.77
8.55
0.536 0.49
0.64
0.15
Lymphocytes
Pre-challenge 4.83
5.41
4.88
4.87
0.307 0.50
0.72
0.51
Challenge
4.81
5.27
5.12
4.89
0.370 0.81
0.86
0.71
Recovery
4.83
5.35
5.03
4.77
0.334 0.60
0.33
0.61
Monocytes
Pre-challenge 0.61a
0.70ab
0.68a
0.79b 0.041 0.04 <0.01
0.82
a
b
b
Challenge
0.55
0.74
0.71
0.70b 0.037 <0.01 0.93
0.77
a
bc
ab
b
Recovery
0.58
0.83
0.70
0.71
0.050 0.02
0.92
0.02
Granulocytes
Pre-challenge 2.25
2.73
2.90
3.32
0.307 0.14 <0.01
0.66
Challenge
2.34
2.82
2.66
2.99
0.236 0.27
0.89
0.73
Recovery
2.38a
3.59b
2.77a
3.07ab 0.332 0.10
0.11
0.10
Red Blood Cells
Pre-challenge 6.94
6.81
6.48
6.73
0.226 0.54
0.75
0.65
Challenge
6.97
6.92
6.53
6.65
0.235 0.49 <0.01
0.20
Recovery
7.18
6.89
6.79
6.85
0.172 0.38 <0.01
0.34
a-c
Means without common superscripts are different (P ≤ 0.10)
1
The pre-challenge period consisted of samples collected at 0700h on day -2 and day 0
2
The challenge period consisted of samples collected at 1100h and 1700h on day 0, and 0700h
on day 1
3
The recovery period consisted of samples collected at 1100h and 1700h on day 1 and 0700,
1100, and 1700h on day 2
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Table 3.11. Concentration of plasma tumor necrosis factor alpha (TNF-α)
Treatment
P-value
Item
CON COMM COMM-4 10X SEM TRT Time TRT*
time
TNF-α, ng/mL
Pre-challenge1 4.68
1.42
0.64
0.67 2.005
0.45
0.80
0.20
Challenge2
1.51
1.20
0.90
1.10 0.609
0.91
0.63
0.45
Recovery3
1.79a
1.13a
1.24a 5.48b 1.130 <0.01 0.02 <0.01
Overall4
2.39a
1.13a
1.03a 4.80b 1.129
0.01
0.05 <0.01
a-c
Means without common superscripts are different (P ≤ 0.10)
1
The pre-challenge period consisted of samples collected at 0700h on day -2 and day 0
2
The challenge period consisted of samples collected at 1100h and 1700h on day 0, and
0700h on day 1
3
The recovery period consisted of samples collected at 1100h and 1700h on day 1 and
0700, 1100, and 1700h on day 2
4
The overall period consisted of all samples collected
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Table 3.12. Lactate concentration of tubes filled with semi-defined
lactate media after different incubation time points1,2
Treatment
P-value3
4
Day
Hour
CON COMM COMM10X
SEM
TRT Hour TRT*
4
Hour
-2
0
3.2659 3.2911
3.2769 3.2677 0.09621 0.88 <0.01
0.94
4
3.3270 3.2927
3.2903 3.3118
8
3.3140 3.2865
3.3517 3.3766
12
2.5446 2.7097
2.8497 2.6612
0
0
3.3602 3.3156
3.3308 3.3536 0.0941 0.61 <0.01
0.71
4
3.3478 3.3560
3.3856 3.3460
8
3.4687 3.4713
3.4796 3.4533
12
3.0874 3.3151
3.1272 3.4187
1
0
3.2860 3.2975
3.3173 3.3027 0.1858 0.36 <0.01
0.68
4
3.2825 3.2224
3.2559 3.2701
8
2.8151 2.4297
2.5719 2.9666
12
0.8576 0.5828
0.9549 1.3123
2
0
3.3075 3.2808
3.2882 3.3115 0.1844 0.82 <0.01
0.90
4
3.2885 3.2780
3.3097 3.2656
8
3.0556 2.9891
3.1404 3.1195
12
1.8333 1.2866
1.5095 1.7512
1
Values represent lactate concentration in g/L
2
All 24-hour time points averaged zero, so values were removed from
this table
3
P-values all represent values within each day
4
Day -2 represents the pre-challenge period, day 0 represents the
restriction period, and days 1 and 2 represent the challenge period
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Table 3.13. Ruminal lactate concentrations from collected rumen fluid (mM)
Treatment
P-value
Item
CON COMM COMM-4 10X
SEM
TRT Time TRTxTime
Day1,2
-2
0.00
0.00
0.07
0.04
0.039 0.56
0.18
0.56
0
0.00
0.06
0.02
0.07
0.042 0.58
0.12
0.59
1
0.15
0.11
0.08
0.07
0.088 0.92
0.42
0.49
2
0.07
0.02
0.05
0.01
0.037 0.64
0.42
0.49
1
Days include all samples taken during that day
2
Day -2 represents the pre-challenge period, day 0 represents the restriction period, and
days 1 and 2 represent the challenge period
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Figure 3.1. Dry matter intake and rumen pH graphed by treatment average

117

