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Abstract

Liver abscesses are a significant health and economic issue in feedlot cattle,
predominantly caused by Fusobacterium necrophorum, Trueperella pyogenes, and Salmonella
enterica. These abscesses commonly result from ruminal acidosis or rumenitis associated with
high-grain diets. While liver abscesses have traditionally been controlled with in-feed
antimicrobials like tylosin and chlortetracycline, increasing concern over antimicrobial resistance
drives the need for alternative therapies. This study aimed to investigate the potential of lactic
acid bacteria (LAB) isolated from liver-abscess-free cattle as natural inhibitors of liver abscess
causing pathogens. Between 2 beef processing plants, ruminal content samples from 56 cattle
were collected originating from 28 feedlots. From the samples collected, 560 LAB isolates were
obtained, and broth cultures were separated into two cell-free aliquots: one with neutralized pH
and the other remaining un-altered. Isolates were then screened for antimicrobial activity against
the target liver abscess pathogens using agar-well diffusion assays.

Results indicated that non-pH-adjusted LAB supernatants exhibited zones of inhibition
for all three pathogens, with F. necrophorum showing the greatest inhibition and highest isolate
sensitivity. However, pH-adjusted LAB supernatants displayed no antimicrobial activity,
suggesting pH plays a significant role in the inhibitory effects observed. In total, 14 LAB isolates
exhibited broad-spectrum inhibition across all pathogens, although repeated trials showed
variability between experiments, highlighting the potential influence of LAB supernatant
composition and culture conditions.

Our findings suggest that ruminal LAB may exhibit innate antimicrobial effects against
liver abscess pathogens, with Lactobacillus species showing potential for use in probiotics

products for cattle on high-grain diets. Further research is needed to characterize these LAB



isolates, assess their consistency and efficacy, and determine suitability as direct-fed microbial
species for livestock production. This study highlights the potential of probiotics as viable

substitutes to traditional antimicrobials for managing liver abscesses in feedlot cattle.
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Chapter 1 - Lactic acid bacterial probiotics as antimicrobial

alternatives in cattle: a review

Introduction

The ruminal microbial community, consisting of bacteria, archaea, protozoa, fungi, and
viruses, has a major impact on nutrient transformations of carbohydrates, protein and lipids
contained in the feeds. The symbiotic relationship between the microbes and the animal host is
essential for the health of both the animal and the microbial ecosystem. The animal provides
nutrients to the microbes, and in return the microbes provide energy, protein, and other
micronutrients to the animal via nutrient fermentation processes. As ingested feed travels
through the rumen, it becomes colonized with the microorganisms, gets degraded resulting in
production of two major products, volatile fatty acids and gases, carbon dioxide and methene.
(end-products of microbial fermentation). The VFA is absorbed from the rumen through the
mucosal surface and gases are eructated (Chaucheyras-Durand and Durand, 2010).

Diet composition, feeding regimens, and animal welfare and management have been
shown to strongly affect the composition and functionality of the microbial environment in
ruminants (Celi et al., 2017 and Wallace et al., 2019). There have been various studies
attempting to characterize the rumen microbiota to further understand each microbe’s role. The
challenge with this is largely due to limitations in microbial culture, identification, and
enumeration techniques (Cammack et al., 2018; Foschi et al., 2017; Matthews et al., 2019;
Weimer, 2015; Senz et al., 2015). It has been well established that there is a set structure of
species called the “core microbiome” present in nearly every animal that begins early in ruminal
development. Communities become individually unique based on the animal’s environmental

setting, regimen, and heritability (Weimer, 2015; Henderson et al., 2015; Wallace et al. 2019).



However, disruptions in the microbiome can cause ruminal dysfunction leading to clinical
ruminal or systemic acidosis and bloat. Sub-clinically, producers can see decreased feed
efficiency, and decreased milk fat production. Because of these disturbances, there has been
growing interest in the addition of beneficial microbial species to enhance or restore ruminal
fermentation. In addition, there is a growing interest in utilizing these beneficial microbes as
possible antibiotic alternatives due to competitive exclusion and production of antimicrobial
compounds (such as bacteriocins and organic acids) (Ayala et al., 2019).

It is worth noting that the terms “probiotic” and “direct fed microbials™ are often used
interchangeably but are technically not synonymous. Probiotics are loosely defined by the World
Health Organization (WHO) as “live microorganisms which when administered in adequate
amounts confer a health benefit on the host” (FAO/WHO, 2001). In contrast, Direct-Fed
Microbials (DFM) are defined by the United States Food & Drug Administration as “products
that are purported to contain live (viable) micro-organisms (bacteria and/or fungi)”” and can
include their non-viable constituents such as metabolites and end-products (US-FDA, 2015). In
other words, DFMs are feed additives containing live microbial species and are considered non-
pathogenic, safe, and beneficial to the gastrointestinal tract and the host animal. Numerous
beneficial responses have been reported with the use of probiotics or DFM in ruminant diets,
such as increased milk yield, improved feed efficiency, reduction of ruminal acidosis, and
improved immune function (Adjei-Fremah et al., 2018; Desnoyers et al., 2009; Nalla et al.,
2022). In cattle production, probiotics are targeted towards the rumen microbial population to
positively affect the fermentation of feedstuffs, particularly digestibility and degradability.

Additional benefits include stabilizing ruminal pH and reducing lactate levels.



Although most probiotics are generally recognized as safe, the safety of each microbial
species used for animal production entering the human food chain should still be considered.
One of the primary concerns regarding probiotics is the carriage of antimicrobial resistance
(AMR) genes and the potential for transfer of AMR genes. For example, some Bacillus spp. have
been included in probiotic products despite potential for transferring AMR genes. Zhu et al.,
2016, found several strains of B. cereus harboring the tet(45) gene for tetracycline resistance.
Additionally, Artistimuno Ficoseco et al., 2018 investigated antibiotic susceptibility of lactic acid
bacteria species isolated from feedlot cattle and identified 7 of 15 resistance genes (not correlated
with phenotypic resistance) in their lactobacilli. The majority of research available discusses the
efficacy of probiotics rather than the safety, likely due to their GRAS (Generally Regarded As
Safe by the FDA) status. Moreover, oftentimes products are either mislabeled or lack clear
labeling of the bacterial strains in the product as well as the number of viable cells (colony-
forming units). Still, probiotics are considered safe for implementing in animal feed with the
main risks being the potential of transmitting antibiotic resistance genes to pathogenic
microorganisms, and the production of enterotoxins. These have the potential to cause negative
impacts in the indigenous microbial population or infection of the host itself. Although many
experiments have shown positive responses using DFM in dairy and beef cattle, there is still
uncertainty regarding the inhibitory properties of lactic acid bacteria, particularly towards
common bovine pathogens (Brashears et al., 2003; Pukrop, 2017; Molloy et al., 2011).
Identifying autochthonous ruminal lactobacilli with pathogenic inhibition could decrease
morbidity and improve our ability to supplement appropriate DFM in cattle diets while also
establishing effective antibiotic alternatives. This review summarizes the literature pertaining to

lactic acid bacteria and their abilities to inhibit pathogenic bacteria in cattle.



Characteristics of lactic acid bacteria

Lactic acid bacteria (LAB) are described as Gram-positive, cocci, coccobacilli, or rods, and
are catalase negative (Leska et al., 2022 and Ismail et al., 2018). Additionally, LAB are acid-
tolerant facultative anaerobes that produce organic acids, primarily lactic and acetic acid. Due to
the rumen’s microaerophilic environment, these traits make the rumen an ideal habitat for
facultative anaerobes. In cattle, LAB are not regarded as major contributors to rumen
fermentation, however they can be readily isolated from the rumen with species such as
Lactobacillus ruminis, L. plantarum, L. lactis, and Streptococcus bovis in addition to native
species of Enterococcus, Bifidobacteria, and Streptococcus (Uyeno et al., 2015; Brashears et al.,
2003; Hernandez et al., 2008).

Various species of LAB can be categorized by their respective bacterial end products.
Depending on the species, LAB can produce various proportions of D-lactate and L-lactate in
addition to VFAs, such as acetate (Hernandez et al., 2008). These are bacterial end products from
the fermentation and breakdown of highly fermentable sugars and starch content in the diet. D-
lactate is metabolized by enzymes D-a-hydroxy acid dehydrogenase and D-lactate
dehydrogenase in the rumen to produce pyruvate, which is later synthesized to glucose via
glucogenesis. However, when dysbiosis occurs, over-production of D-lactate has been attributed
to acute ruminal acidosis, a metabolic disorder defined by a decrease in blood pH and
bicarbonate in cattle (Hernandez et al., 2014). Ruminal species like S. bovis can further decrease
environmental pH with the production of L-lactate, a potent acid. As the pH remains critically
low, the microbial community begins to favor LAB acidophiles and decreases microbial
diversity, particularly the population of lactate-utilizers. As lactate-utilizers dwindle, lactic acid
overwhelms the ruminal flora’s ability to metabolize efficiently, leading to increased mucosal

absorption and consequently systemic acidosis (Khafipour et al., 2016; Hernandez et al., 2016).



On the flip side of this phenomenon, favoring the population of Lactobacillus and
Bifidobacterium species in the rumen can inhibit growth of various Gram-negative pathogenic
bacteria from the production of organic acids, bacteriocins, and/or by competitive exclusion
(FAO, 2016; Ayala et al., 2019; Rezaee et al., 2019, and Molloy et al., 2011).

Lactobacillus is a principle bacterial genus that is found early in rumen development but
gradually decreases in numbers as the animal ages and the rumen microflora develops and
diversifies (Uyeno et al., 2015). However, when diets contain higher amounts of rapidly
fermentable carbohydrates, Lactobacillus species can proliferate rapidly and increase in
population size (Matthews et al., 2019). Lactobacillus spp. prefer growth conditions between 25-
45 C, but because of its acid-tolerant nature, many species can continue to grow as the rumen
fermentation environment and subsequent pH change. A review by Gao et al., found that in
addition to lactate production, L. acidophilus can reduce host cholesterol serum levels via
inhibition of intestinal absorption. The researchers also reported improvements of lactose
metabolism in milk-fed animals, as well as prevention of colonization by enteric pathogens.

During rumen development, Bifidobacterium is beneficial for young pre-ruminant calves
(Chaucheyras-Durand and Durand, 2010) and in the hindgut of pre-weaned calves (Uyeno et al.,
2015) to stabilize the naive gastrointestinal tract and reduce the risk of pathogen invasion and
colonization. It is similar to Lactobacillus in the manner of gastrointestinal development of
young animals across species and is often used in conjunction with Lactobacillus-based probiotic
products (Hoffman et al., 2018). Likewise, as the animal ages, numbers of Bifidobacterium
decrease as well (Uyeno et al., 2015). Other research has described the importance of
bifidobacteria for the digestion and fermentation of milk constituents like oligosaccharides and

glycoconjugates in pre-ruminant dairy calves. For example, Kelly et al., 2016 found that dietary



carbohydrates and host-glycans were the primary fermentation sources for several
Bifidobacterium species. Furthermore, they described differences in carbohydrate preferences
between species (plant vs milk carbohydrates). In summary, Lactobacillus and Bifidobacterium
spp. have been primarily studied regarding pre-ruminant or hind-gut environments. This is due to
the innate physiologic changes that take place as they transition from milk-based diets to forage

and/or grain-based diets, in addition to the animal industry’s push to improve animal health.

Lactic acid bacteria-based probiotics in cattle

Probiotics are primarily formulated into the animal’s diet as feed additives or silage
inoculants where performance gains can be attributed to improvement of nutrient digestibility
with the inclusion of the probiotics (Hernandez et al., 2008; Cammack et al., 2018). Many
bacteria do not survive in acidic conditions making LAB ideal candidates for probiotic agents.
Common genera used in commercial products are Lactobacillus, Bifidobacterium, Enterococcus,
and yeasts such as Saccharomyces. Lactobacillus and Bifidobacterium are the most common
probiotic cultures used to modulate gastrointestinal microflora in many animal species (FOA,
2016, Ghazanfar et al., 2017). These microorganisms can be used as single or multi-strain
products, depending on the intended use and conferred benefits. Reports studying the
implications and benefits of L. acidophilus can be dated back to the early 20t century (Stern and
Storrs, 1975; Krehbiel et al., 2001). Despite their extensive history, there is still much to discover
regarding efficacy, safety, and mode of action. Commonly studied species include L.
acidophilus, L. casei, L. plantarum, B. thermophilum, B. choerinum, E. faecium, and yeast like S.
cerevisiae just to name a few (Uyeno et al., 2015; Krehbiel et al., 2001; Beauchemin et al., 2003;

and Kelly et al., 2016).



Many commercial products use multi-species and -strains to utilize a broader spectrum or
synergistic effects. Some may also include pre- or postbiotics with most marketed products
containing live yeast, specifically Saccharomyces cerevisiae (Chaucheyras-Durand and Durand,
2010). Yeast cultures are well-liked because of their heat tolerance and innate tolerance to
antibiotic use. As antimicrobial use and resistance grows in publicity, interest grows in using
probiotics to help decrease antibiotic usage in the production phase (Adjei-Fremah et al., 2018).
Many available products are implemented because of their potential to improve animal health
and carcass growth in the production animal setting (Muzaffar et al., 2021, Huck et al., 2000).
Formulations can be seen chute-side as oral boluses, gels, pastes, as drench or powder
suspensions, and as top dressings over feed, or as silage-inoculants. According to the FDA,
companies are required to label products with “Contains a source of live (viable), naturally
occurring microorganisms” followed by the name of the organism and guaranteed colony-
forming units per gram (CFU/g) of product. Products that are labeled for use in animal feeds are
regarded as DFM, with the exception of products labeled as strictly silage additives (FAO, 2016,

Sanders and Levy, 2011).

Implications of lactic acid bacterial probiotics in cattle

Probiotics can be used in cattle to improve or maintain rumen health throughout feeding
changes and periods of stress. There has been growing interest in using targeted probiotic
products to support rumen ecology and fermentation efficiency. The goal of implementing these
products is to improve growth, mitigate digestive upset, reduce gut pathogen prevalence and
fecal shedding, increase milk yield, and more recently, decrease greenhouse gas emissions

(Varhidi et al., 2022; Doyle et al., 2019; Markowiak & Slizewska, 2018).



In feeder cattle, studies show mixed results to increase feed efficiency and enhance
weight gain using supplemental probiotics. Additionally, studies are limited regarding benefits
from probiotics in fed beef cattle compared to dairy cattle. Many reports exhibiting improved
performance utilized yeast species or yeast in combination with the bacteria. Ghazanfar et al.,
2015 supplemented a dietary yeast-based commercial product containing S. cerevisiae to
growing dairy heifers and reported a 7% increase in average final body weight with no change in
dry matter intake. In a more recent study using a mixed probiotic product with 3 strains of
Enterococcus faecium and one strain of S. cerevisiae reported improved average daily gain and
feed efficiency in Bos indicus bulls on feed for 120 days (Dias et al., 2022). Another study by
Moreira et al., 2019 showed 12% improvement of average daily gain and feed efficiency in
steers fed a combination product (LAB and yeast species). Interestingly, Mackey et al., 2023
found in-feed supplementation of a yeast-derived prebiotic with Bacillus subtilis to Angus-type
steers improved gain to feed ratio, carcass marbling and grade, and decreased incidence of liver
abscesses in comparison to steers supplemented with tylosin and monensin. Other studies have
reported benefits without yeast but appear more limited. Recently, Mansilla et al., 2023 reported
increased daily gain in cattle supplemented with two Lactobacilli species as well as a 43%
reduction in E. coli O157:H7 fecal shedding between 40-104 days on feed. But historically, Elam
et al., 2003 and Greenquist et al., 2004 found no difference between control groups and animals
fed DFM containing Lactobacillus spp. on feedlot performance or carcass characteristics. In
addition to conflicting outcomes, there are limited studies evaluating Lactobacillus-based DFM
supplementation for growth performance purposes. Comparatively, silage inoculants commonly
use lactobacilli species and may offer probiotic benefits to dairy and feedlot cattle, but

survivability is largely dependent on silage pH and temperature (Weinberg et al., 2004).



Apart from growth performance, investigators have made attempts to characterize
probiotic species for prevention or mitigation of ruminal acidosis and to support gastrointestinal
function in cattle consuming concentrated diets. The concept of including probiotics is to
increase the beneficial microflora population and enhance ruminal fermentation. There are two
schools of thought to achieve this — the first is to postulate favorable lactic acid producers to
stimulate lactate utilizers like, Megasphaera elsdenii and Selenomonas ruminantium and to
competitively exclude Streptococcus bovis. The second is to administer lactate utilizers directly
to decrease or prevent lactic acid accumulation (Hernandez et al., 2014; Nocek and Kautz, 2006);
Thieszen et al., 2015). Beauchemin et al., 2003 and Ghorbani et al., 2002 found diet
supplementation of E. faecium EF212 (with or without S. cerevisiae or Propionibacterium P15)
had limited effects on ruminal acidosis reduction in animals fed high-grain diets. Investigators
concluded that cattle adapted to concentrate diets could maintain intake and digestion despite
being in a state of subclinical ruminal acidosis. While E. faecium and yeast may not have
decreased acidosis together in feedlot cattle, Nocek et al., 2000 reported the addition of
Lactobacillus with Enterococcus and yeast reduced the risk of acidosis in dairy cattle. Similarly,
Huffman et al., 1992 and Van Koevering et al., 1994 reported a decrease in the amount of time
the rumen pH was below 6.0 and found lower concentrations of D-lactate and total lactate in
steers fed L. acidophilus alone. These outcomes suggest the inclusion of lactobacilli may provide
benefits to manage ruminal acidosis. Meanwhile, results with yeast have been more consistent
among studies showing benefits to ruminal health, acidosis mitigation, and animal performance
both in growing and lactating cattle (Uyeno et al., 2017). Several studies have demonstrated an
increase in ruminal pH among dairy cattle fed live yeast as well as decreased ruminal lactate

concentrations. (Dias et al., 2018; Bach et al., 2007; Thrune et al., 2009). In the dairy industry,



live yeast have showed enhancement of lactation performance, particularly milk yield
(Chaucheyras-Durand & Durand, 2010; Desnoyers et al., 2009; Markowiak & Slizewska, 2018).
The mode of action of yeast is still to be defined but is generally considered to improve
fermentation rates and stabilizing pH levels (Uyeno et al., 2017). Similar to bacterial DFM, yeast
can stimulate lactate utilizers and ciliate protozoa to support the rumen environment and provide
competition against other lactate producers, like S. bovis (Amin and Mao, 2021; Tripathi and
Karim, 2011).

In pre-ruminant animals, probiotics have been shown to aid in intestinal microbial
colonization and limit the risk of enteric pathogen colonization (Chaucheyras-Durand & Durand,
2010; Krehbiel et al., 2003; McAllister et al., 2011). Unlike in dairy and feedlot cattle where
probiotics are focused on ruminal modification, in neonates, probiotics have been used to aid
establishment and maintenance of the total gastrointestinal microflora. Specifically, it is
important for dairy calves to adapt to solid feed quickly, emphasizing the importance of forming
a baseline alimentary microflora and minimizing establishment of scour-causing pathogens (Ban
and Guan, 2021). Additionally, the microbial population at this stage is extremely sensitive to
stressors like pen movements, diet changes, and weaning. Several studies have found that
feeding calves viable sources of LAB, can significantly decrease coliform shedding in stool,
thereby decreasing the incidence of scours (Lesmeister et al., 2004; Liu et al., 2022; Wang et al.,
2023). Timmerman et al., 2003 reported in addition to improved average daily gain, probiotic
treatment lessened the incidence of diarrhea and fecal coliform counts. But most intriguingly,
they saw a reduction in the number of treatments for digestive and respiratory diseases in veal

calves. This suggests that probiotics could also influence respiratory health in calf production.
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If we apply these concepts to food safety, we can see that the inclusion of DFMs may
offer implications for reducing food borne pathogens. As food demands grow worldwide, more
interest has been highlighted towards the development of DFM products that show inhibition or
reduction of zoonotic pathogens. In vitro, Brashears et al., 2003 cultured 15 LAB species from
cattle fecal samples exhibiting significant reduction of E. coli counts in rumen fluid. Another
study by, Ayala et al., 2019 isolated 28 LAB species from cattle feces within the genus
Enterococcus, Pediococcus, and Lactobacillus demonstrating inhibitory properties against
Listeria monocytogenes, Salmonella, and E. coli O157. In vivo, Elam et al., 2003 found
decreased E. coli 0157 fecal shedding in beef steers fed DFM containing L. acidophilus and P.
freudenreichii despite no performance and carcass characteristic changes. More recently,
Mansilla et al., 2023 found improved growth performance in addition to decreased fecal
shedding of E. coli O157 in feedlot cattle by as much as 43 percent. In a review by McAllister et
al., 2011, they concluded that DFM have the potential to reduce traditional antimicrobial use in
production animal settings, but positive responses must be more consistent. Additionally, the
relationship between the DFM and exclusion of pathogens should be more well defined to make

selection decisions and target DFM efficacy.

Mode of action

The outcome variability within the literature suggests a greater need to understand the
underlying mechanisms of direct fed microbials. There is likely more than one mode of action
influencing the positive and/or inconclusive results between studies and largely dependent on the
bacterial vs yeast species and strain as well as the dose. Currently, benefits are thought to be
predominantly attributed to competitive exclusion and bacteriocin production by the bacterial

probiotic organisms. Bacteriocins are bioactive peptides that inhibit growth (by bactericidal or

11



bacteriostatic effects) of pathogenic bacteria or enzyme production to hydrolyze toxins (Touza-
Otero et al., 2024, Herndndez-Gonzalez et al, 2021). They are generally considered to act on the
cell membrane forming pores in the phospholipid bilayer, ultimately causing cell death. They
differ from antibiotics in their synthesis, spectrum, and toxicity — these distinctions are important
for their use food systems (Molloy and Hill, 2011). Bacteriocins have been studied for use in
veterinary medicine and food safety practices. For example, nisin is a bacteriocin produced from
L. lactis and is an approved food preservative in many countries including the U.S as well as a
disinfectant for preventing mastitis in dairy cattle (Touza-Otero et al., 2024, Molloy and Hull,
2011). These compounds are of interest for their use as antibacterial alternatives, and it has been
suggested that almost all bacteria produce at least one bacteriocin (McAllister et al., 2011).
Naturally, some bacteria have innate and acquired resistance to bacteriocins. Additionally, some
studies have shown that exposure to bacteriocins could render cells more resistant to antibiotics.
For bacteriocin use to grow, there needs to be more characterization of bacteriocins, their toxicity
status, and intended use either in food safety or medicinal applications.

Competitive exclusion in the gastrointestinal tract is the act of beneficial species adhering
to the intestinal epithelial cells, preventing colonization of other microorganisms — particularly
pathogenic ones. It has been well established with species of Lactobacillus to reduce
colonization of E. coli and Salmonella, but few studies have elaborated on the exact mechanisms
(Nami et al., 2019, Rodriguez-Palacios et al., 2009, Chen et al., 2020). Some researchers propose
that competitive exclusion is possible due to modifications of tight-junction proteins at the
epithelial surface (McAllister et al., 2011). Others have attributed success to stimulation of
immune response, enhanced gastrointestinal health through restoration of mucosal integrity, and

sheer outcompeting for nutrients to limit pathogen growth (O’Tool and Cooney, 2008; Uyreno et
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al., 2015). Generally, competitive exclusion helps to maintain homeostasis in the microbial
population, ultimately improving rumen function (Buntyn et al., 2016).

The use of direct fed microbials in livestock production has also been associated with
enhanced host immunity. In a study by Elam et al. 2003, they found steers fed DFM had
decreased thickness of lamina propria in the small intestine compared to steers not fed DFM.
This suggests that DFM can decrease inflammation within the lower gut of ruminants, thereby
improving intestinal absorption. Raabis et al., 2019 further described certain species mediating
intestinal inflammatory response through disruption of interleukin-17 production, a pro-
inflammatory cytokine. This has also been summarized by Krehbiel et al. 2003, concluding that
DFMs can affect cytokine production and T and B cell responses, but are largely dependent on
the strains, dose, feeding strategies and host species. While many studies have shown
immunologic responses with probiotic supplementation in monogastrics, further research is
needed in ruminants to observe and characterize immunological changes in cattle, particularly

with established rumen ecologies.

Conclusion

Probiotic species such as Lactobacillus and Bifidobacterium are studied for their ability
to enhance ruminal health and support feed efficiency in cattle, primarily by influencing
fermentation processes within the rumen. Lactic acid bacteria improve rumen stability by
producing organic acids and promoting lactate-utilizing bacteria, which together can mitigate
ruminal upset. Additionally, competitive exclusion and bacteriocin production are mechanisms
by which LAB inhibit pathogens like E. coli and Salmonella — important pathogens in pre-
harvest food safety. There is a long history of attempts to alter rumen fermentation with DFM

use. However, characterizing the rumen microbial population to change fermentation can prove
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difficult with the rumen’s vast microbial taxonomy, especially between animals and their
respective environments and dietary history.

Despite the Generally Regarded As Safe (GRAS) status of many probiotics, potential
concerns include the transfer of antimicrobial resistance genes and the challenge of consistent
efficacy due to factors like strain specificity, animal health history, and environmental
conditions. Studies on the effects of probiotics in cattle show varying degrees of success in
weight gain, feed efficiency, and reduction of acidosis and pathogen colonization. Young, pre-
ruminant calves benefit from probiotics in preventing diarrhea and potentially respiratory
diseases, helping to establish a resilient gut microflora. It has been demonstrated that neonatal
gastrointestinal tracts are more easily altered with DFM supplementation due to their naivety, but
once the microbial population has been established, it becomes harder to manipulate. In adult
cattle, findings are likely inconsistent due to differences in host microbiomes and external factors
like species used in the product, dosing and dosage, animal environment and health history, and
much more. Nevertheless, supplementation with DFM have shown to provide at least short-term
impacts, increasing the population of LAB and lactate utilizers, creating a more resilient and
digestibly efficient rumen. The idea is that lactate production will stimulate lactate-utilizers in
the rumen thereby increasing the amount of propionate to be absorbed by the animal and further
stimulating beneficial microorganisms. This phenomenon is important for cattle on high-grain
diets or in the event of a sudden increase in lactic acid concentrations in the rumen.

The use of LAB probiotics in cattle presents a viable strategy to enhance gut health,
improve feed efficiency, and potentially reduce antibiotics use. Conversely, inconsistencies in
research outcomes highlight a need for further exploration of the modes of action, particularly

regarding the specifics of competitive exclusion, bacteriocin production, and immune
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modulation. The diverse microbial ecology of the rumen makes probiotic impact highly variable
and complex. Going forward, standardized methods and detailed studies on strain specificity,
host-microbe interactions, and immunological effects will be essential to realize the full potential

of probiotics as sustainable alternatives in cattle production systems.
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Chapter 2 - Isolation of ruminal lactobacilli with antibacterial
activities against pathogens implicated in liver abscesses of feedlot

cattle

Abstract

Liver abscesses, prevalent in cattle fed high-concentrate diets, contribute to significant
economic losses in the beef cattle industry. Traditionally, in-feed antimicrobials have been used
to mitigate abscess formation by reducing Fusobacterium necrophorum populations in the
rumen. Yet, liver abscesses still have significant economic impacts in beef cattle production and
rising concerns over public health implications of antimicrobial resistance, thus necessitating
alternative interventions. This study aimed to investigate the inhibitory potential of lactobacilli, a
major group of lactic acid bacteria (LAB), isolated from ruminal contents of liver-abscess-free
cattle on key liver abscess pathogens: F. necrophorum, Trueperella pyogenes, and Salmonella
enterica serovar Lubbock. Using agar-well diffusion assays, we assessed the antimicrobial
activity of both pH-adjusted and unadjusted LAB supernatants against these pathogens. Results
indicated that while neutral pH supernatants showed no inhibitory effects, unadjusted LAB
supernatants demonstrated notable inhibition, particularly against F. necrophorum, with a subset
of isolates also active against T. pyogenes and S. enterica. Findings suggest that LAB may
suppress liver abscess pathogens via pH-dependent mechanisms and/or other organic
compounds, warranting further exploration of LAB as direct-fed microbial candidates. Future
research should focus on identifying and characterizing specific LAB strains with potential

applications in antimicrobial-free livestock management.
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Introduction

Liver abscesses occur in cattle enrolled in rigorous feeding programs and are a common
welfare and economic issue for livestock producers and packers. Economic losses for producers
occur from reduced performance, such as decreased feed intake and weight gain. For beef
packers, economic losses occur in the form of liver condemnation, reduced carcass yield,
reduced carcass grade. and therefore, reduced carcass value. Liver abscesses account for 67% of
all liver abnormalities, followed by cirrhosis, distoma, and telangiectasis (Brown and Lawrence,
2010). Hepatic abscesses are purulent, encapsulated lesions in the liver that develop from
bacterial infections, with bacteria entering via portal circulation (Nagaraja and Chengappa,
1998). It is generally accepted that in cattle, the rumen wall, damaged from chronic acidotic
conditions, becomes susceptible to invasion and colonization of ruminal microorganisms
(Nagaraja and Chengappa, 1998; Amachawadi and Nagaraja, 2016). This susceptibility leads to
rumenitis, consequently allowing liver abscess pathogens to migrate into portal circulation and
infect the liver. (Rezac et al., 2014).

Prevalence of liver abscesses is highly variable and can range from 12-32%
(Amachawadi and Nagaraja, 2016). Harris et al. (2018) found that 17.8% of steers and heifers
and 20.7% of cows and bulls exhibited liver abscesses. Cattle with liver abscesses show little to
no clinical signs and diagnosis is not made until slaughter or necropsy (Nagaraja and Chengappa,
1998; Doré, et al., 2007).

Fusobacterium necrophorum originates in the rumen and is part of the normal flora. The
bacterium is a Gram-negative, rod-shaped anaerobe (Langworth, 1977; Tan et al., 1994). The
primary function of the bacterial species in the rumen is to metabolize lactic acid, and breakdown
protein and amino acids (Tadepalli et al., 2009). Fusobacterium necrophorum is the major

etiologic agent of liver abscesses with F. necrophorum subspecies necrophorum more frequently
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isolated than subspecies funduliforme (Scanlan and Hathcock, 1983; Tadepalli et al., 2009). The
two subspecies differ in their abscess-causing abilities, colony and morphologic characteristics,
growth patterns in broth, and virulence factors (Scanlan and Hathcock, 1983). The primary
virulence factor for subsp. necrophorum is leukotoxin, encoded by gene IktA, followed by
endotoxic lipopolysaccharide (LPS) (Tadepalli et al., 2009; Deepti et al., 2019). The cytotoxic
effects of leukotoxin on ruminal cells aid in penetration and colonization of the rumen wall
overcoming phagocytosis from any neutrophilic response (Nagaraja et al., 2005).

Trueperella pyogenes is also part of the normal rumen ecology and originates from the
ruminal wall. It is the second most frequently isolated pathogen in liver abscesses and has
pathogenic synergy with F. necrophorum. Trueperella pyogenes has several virulence factors,
but its primary virulence factor is a hemolysin, called pyolysin. Leukotoxin from F.
necrophorum is necessary for the development of abscesses by T. pyogenes. This suggests that T.
pyogenes is a helper organism in the development of liver abscesses in cattle. Salmonella
enterica serovar Lubbock is commonly found in the lymph nodes and enters the liver via
lymphatic drainage or portal blood circulation. This species has been most recently reported in
the occurrence of liver abscesses (Amachawadi et al., 2016; Bugarel et al., 2016).

Traditionally, nutritional management has been used reduce the incidence of ruminal
acidosis. This includes increased roughage content in the diet, gradual diet step-ups in feed
concentration, and uniform feeding intervals and amounts. Traditionally, controlling ruminal
acidosis has been reliant on antimicrobial use. In 2017, the Veterinary Feed Directive (VFD) was
implemented by the Food and Drug Administration (FDA) to move away from using
antimicrobials as growth promoters and requires antimicrobials to be administered under

veterinary supervision in beef cattle production. Tylosin (Tylan, Elanco Animal Health,
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Greenfield, IN) is an in-feed macrolide used in the feedlot industry to prevent liver abscesses.
Because tylosin is labeled for reducing the incidence of liver abscesses and not for growth
promotion, it is permitted under the VFD. Tylosin has been shown to reduce the F. necrophorum
population in the rumen, therefore reducing the incidence of liver abscesses up to 50% and
decreasing the risk from 30% to 8% (Wileman et al., 2009; Theurer and Amachawadi, 2022).
However, inclusion of in-feed tylosin does not eliminate the problem entirely. Additionally,
tylosin belongs in the same drug class as erythromycin, a widely used drug in human medicine.
With growing awareness around antimicrobial use in food animals, there are concerns regarding
emergence and dissemination of gut bacteria harboring resistance genes (Agga et al., 2023;
Cazer et al., 2020). Therefore, a more effective and less medically important intervention is
desirable.

Probiotics, or Direct-Fed Microbials, are defined by the United States Food & Drug
Administration (FDA) as “products that are purported to contain live (viable) micro-organisms
(bacteria and/or yeast)”. In other words, DFM are feed additives containing viable microbial
species. These microbes are labeled by the FDA as “Generally Regarded As Safe” (or GRAS).
This means they are considered non-pathogenic, safe, and beneficial to the environment of the
gastrointestinal tract and the host animal. Various responses have been reported with the use of
DFM in ruminant diets, such as increased milk yield, improved feed efficiency, reduction of
ruminal acidosis, and improved immune function (Adjei-Fremah et al., 2018; Desnoyers et al.,
2009; Nalla et al., 2022). However, results can be variable between researchers and the mode of
action is still debated (Molloy et al., 2011; Ban and Guan, 2021; Lawrence et al., 2020) In the

production cattle industry, DFM are used to target the rumen microbial population to positively
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affect fermentation of feedstuffs, specifically digestibility and degradability. Additional benefits
include stabilizing pH and lactate levels, and consequently performance outcomes.

Direct Fed Microbials predominantly utilize single or mixed cultures of bacteria like
Lactobacillus, Enterococcus, and Bifidobacterium, and/or yeasts like Saccharomyces and
Candida (Krehbiel et al., 2003; Anee et al., 2021). These species are chosen for their acid
tolerance and based on their ability to produce or utilize lactate. It is thought that the increase in
lactic acid in the rumen will stimulate lactic acid utilizers, increasing the stability of the rumen
pH (Lawrence et al., 2020). Since lactic acid bacteria (LAB) are facultative anaerobes, the rumen
is an ideal habitat for these organisms. For supplementation in cattle, probiotics are commonly
formulated into the animal’s diet as a feed additive. Improvement in performance is often
attributed to increased nutrient digestibility and health outcomes (Ban and Guan, 2021). While
the exact mode of action between probiotic species is still investigated, it has been shown that
some species of lactobacilli possess antimicrobial activities against both Gram-positive and
Gram-negative bacteria. These antimicrobial effects are due to production of metabolites like
organic acids, hydrogen peroxide, and bacteriocins, and because of these attributes, have been
identified as potential probiotic candidates (Touza-Otero et al., 2023; Muzaffar et al., 2021).

We hypothesize that cattle free of liver abscesses possibly harbor bacteria that inhibit
Fusobacterium necrophorum in the rumen, lowering the population density. Therefore, the aim
of this study was to isolate species of Lactobacillus from ruminal contents of liver-abscess-free
cattle possessing anti-F. necrophorum, anti-T. pyogenes, and anti-S. enterica activities, to
potentially reduce F. necrophorum in the rumen and subsequently prevent or reduce liver abscess
in feedlot cattle. The objective of our study is to investigate the presence of Lactobacilli strains

with anti-Fusobacterium activity in the ruminal fluid of slaughtered cattle. Additionally, we are
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also investigating the inhibitory activity of Lactobacilli strains against Trueperella pyogenes and
Salmonella enterica serovar Lubbock strains, which are reported to be isolated from liver abscess

of cattle.

Materials and methods

Ruminal content collection

Cattle with healthy livers were selected at slaughter to collect ruminal content samples
for the isolation of lactic acid bacteria, which were then evaluated for inhibitory activity against
major liver abscess pathogens — F. necrophorum, T. pyogenes, and S. enterica serovar Lubbock.
Ruminal contents from 36 feedlot cattle originating from 18 different feedlots were collected at a
slaughter plant in Kansas from July 1 to August 26, 2019. An additional 20 samples were
collected at a slaughter plant in Nebraska from December 5, 2019 to February 26, 2020. After
evisceration, the rumen was opened with a knife, and whole rumen contents (WRC) representing
liquids and solids were collected and transferred into 50 mL tubes. The tubes were filled
completely to maximize anaerobiosis, capped and placed in a cooler with ice and transported to
the anaerobe laboratory.
Isolation of lactic acid bacteria from ruminal contents

Ruminal content samples were individually strained through 4 layers of cheese cloth and
pH was recorded. Ten-fold serial dilutions of the strained ruminal fluid (SRF) in anaerobic
buffered peptone water (BPW) was performed (10! and 10-?). One hundred microliters of
undiluted SRF, 101, and 102 dilutions were spread-plated onto anaerobic modified De Man,
Rogosa and Sharpe (MRS) agar plates (Thermo Fisher Scientific, Waltham, MA). Plates were
incubated for 24h at 37°C in an anaerobic glove box (80% N2, 10% H2, 10% CO2; Forma

Scientific Inc., Marietta, OH). After incubation, morphologically distinct colonies (up to 2
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colonies/dilution) were selected and inoculated into 10 ml anaerobic MRS broth and incubated
overnight at 37°C.
Enrichment of Strained Ruminal Fluid

Strained Ruminal Fluid (5 mL) was incubated in 5 ml of anaerobic BPW with 100 mg
dextrose at 37°C for 12h. After incubation the pH was recorded, and ten-fold serial dilutions of
the culture was performed (10! to 10-3) using anaerobic BPW. One-hundred microliters of 102
and 10 dilutions were spread-plated onto anaerobic MRS agar and incubated for 24 h at 37°C in
an anaerobic glove box. After incubation, morphologically distinct colonies (up to 2
colonies/dilution) were selected, inoculated into anaerobic MRS broth and incubated overnight at
37°C.
Preparation of cell-free bacterial culture supernatant

The pH of the lactic acid bacterial (LAB) cultures prepared above were recorded. The
culture was centrifuged at 4,000 rpm for 10 minutes and the supernatant was split into two
aliquots. The pH of one aliquot was adjusted to 7.0 (+ 0.3) with 0.1N NaOH, and the other was
left as-is. The aliquots were filtered using 0.22 um membrane filters.
Qualitative determination of antimicrobial activities of the cultures on Fusobacterium
necrophorum

A strain of F. necrophorum, previously isolated from liver abscesses and stored at -70° C,
was streaked onto Sheep Blood Agar (SBA) plates (Remel, Inc., Lenexa, KS) and incubated for
48 h at 37° C in anaerobic glove box. A single colony from the blood agar plates were then
inoculated into 10 mL of pre-reduced (with 0.05% cysteine-HCI) sterile anaerobic brain heart
infusion (BHI) broth (PRAS-BHI; Becton Dickinson, Sparks, MD) and incubated for 10 h at 37°

C. Using a 4 mm cork borer, 4 wells were aseptically punched into the SBA plates and the
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bottom sealed with melted agar. The plate was then inoculated with the Fusobacterium culture so
that a uniform bacterial lawn appeared after overnight incubation. One hundred microliters of
each of the unadjusted and pH-adjusted supernatants of the LAB cultures were pipetted into each
well. The plates were incubated for 24 h at 37° C in the anaerobic glove box. Results were
recorded as inhibition or no zone of inhibition. If a zone was present, the diameter was recorded
in millimeters.
Qualitative determination of antimicrobial activities of the cultures on Trueperella pyogenes

A strain of T. pyogenes previously isolated from liver abscesses and stored at -70° C, was
streaked onto SBA plates and incubated for 48 h at 37°C in a 5% CO2 incubator. A single colony
was inoculated into 10 mL of Tryptic Soy Broth (TSB; Becton, Dickinson Co.) and incubated for
12 h at 37° C. Using a 4 mm cork borer, 4 wells were aseptically punched into Mueller-Hinton
blood agar plates (Remel, Inc.) and the bottom sealed with melted agar. The plates were
inoculated with the Trueperella culture so that a uniform bacterial lawn appears after overnight
incubation. One hundred microliters of the unadjusted and pH-adjusted supernatant of LAB
cultures were pipetted into each well. The plates were incubated in 5% CO:2 incubator for 24h at
37°C. Results were recorded as inhibition or no zone of inhibition. If a zone was present, the
diameter was recorded in millimeters.
Quialitative determination of antimicrobial activities of the cultures on Salmonella enterica
serovar Lubbock

A strain of Salmonella enterica serovar Lubbock previously isolated from liver abscesses
and stored at -70° C, was streaked onto SBA plates and incubated for 24 h at 37°C. A single
colony was inoculated into 10 mL of Tryptic Soy Broth (TSB) and incubated for 10 h at 37° C.

Using a 4 mm cork borer, 4 wells were aseptically punched into BHI agar plates and the bottom
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sealed with melted agar. The plates were inoculated with the Salmonella culture so that a
uniform bacterial lawn appears after overnight incubation. One hundred microliters of the
unadjusted and pH-adjusted supernatant of LAB cultures were pipetted into each well. The plates
were incubated for 24 h at 37°C. Results were recorded as inhibition or no zone of inhibition. If a

zone was present, the diameter was recorded in millimeters.

Results

Whole rumen content collection

A total of 560 lactic acid bacterial isolates were collected from the WRC samples. The
average pH of strained ruminal fluid was 5.92 (range 5.18-7.55). Up to 10 colonies from the
MRS agar plates spread plated with serial ten-fold dilutions of pre-enriched and enriched SRF
(Figure 1.) were selected for use. The average pH of the enriched SRF was 4.87 (range 4.21-
5.46) and the average pH of the LAB supernatant was 5.03 (range 5.35-6.30).
Agar-well diffusion assays

Of the 560 challenged LAB supernatants that were pH adjusted, there was no evidence of
antimicrobial activity against Trueperella pyogenes, Salmonella enterica serovar Lubbock, or
Fusobacterium necrophorum subsp. necrophorum (Table 1.) However, there were zones of
inhibition present in some of the non-pH adjusted LAB supernatants. Forty-three LAB isolates
originating from 14 rumen samples showed inhibitory activity against T. pyogenes (Fig 2) with
zones of inhibition ranging from 10-13 mm. One-hundred and twenty-eight LAB isolates
originating from 18 samples, showed inhibitory activity against Salmonella (Fig 3) with zones of
inhibition ranging from 10-16 mm. One-hundred and sixty-three LAB isolates originating from

31 samples showed inhibitory activity against F. necrophorum (Fig 4), with zones of inhibition
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ranging from 11-17 mm. A total of 14 LAB isolates showed inhibition against all three
pathogens (Table 2.) and only 1 showing inhibition of 17 mm (Table 3.).

Of the 14 that displayed inhibition against F. necrophorum, S. enterica and T. pyogenes,
10 were chosen to be experimentally repeated based on initial size of inhibitory zone. The pH of
each culture and results against all three pathogens were variable between experiments.
Additionally, 10 isolates of the 163 that displayed inhibition against only F. necrophorum were
chosen to be experimentally repeated based on size of initial inhibitory zone. Again, the pH of
each culture and results against F. necrophorum were also variable between experiments,

indicating that initial inhibitions are likely influenced by LAB culture pH (Tables 4 and 5.)

Discussion

Liver abscesses are a common sequela to high-concentrate diets aimed at increasing
animal production in feedlot and dairy cattle (Broadway et al., 2024). Liver abscesses have
predominantly been mitigated by in-feed antimicrobials like tylosin, chlortetracycline, and
oxytetracycline. Although tylosin has been shown to be the most effective at reducing the
incidence of liver abscesses by 40-70%, there is still room in the animal health industry for
improvement (Nagaraja and Chengappa, 1998; Theurer and Amachawadi, 2022). This is
important not just for animal health perspective but economically too as liver abscesses are
estimated to cost $400 million annually (Broadway et al., 2024). Additionally, as awareness
grows around antimicrobial stewardship and concerns regarding antimicrobial resistance, the
need for alternative therapies grows as well (Uyeno et al., 2015).

Our findings suggest that native ruminal lactic acid bacteria have potential to exhibit
antimicrobial affects against Fusobacterium necrophorum, Trueperella pyogenes, and

Salmonella enterica serovar Lubbock — prevalent liver abscess pathogens. Additionally, our
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results indicate that pH likely plays a role in pathogen survivability in vitro. It is not clear
whether supernatant pH is a predominant factor in inhibition or if pH is working synergistically
with other organic compounds the LAB could be producing. Several studies have shown
inhibition of other Gram-negative pathogens like E. coli and S. enterica, and Campylobacter by
lactic acid bacteria (Bertin et al., 2017; Mansilla et al., 2023; Brashears et al., 2003; Chen et al.,
2021; Rodriguez-Palacios et al., 2009). Our findings in combination with previous studies further
support that Lactobacillus species could be useful for inhibiting Gram-negative pathogenic
bacteria in cattle. Additionally, the use of LAB species as probiotics in food animals may play a
promising role in the era of limited antimicrobial therapy options and rapid progression of drug
resistance.

While these results are hopeful, there are several limitations to this study. First, since
there was not any characterization of the LAB supernatant, it is unclear if organic compounds or
bacteriocins were produced that could have aided in pathogen suppression. Second, because
there was not further identification and characterization of the ruminal isolates, it is unknown if
these LAB harbor antimicrobial resistance genes or if any of our isolates were duplicate species.
Overall, this study demonstrates how probiotics have potential to reduce liver abscess pathogens
and can be used to develop antimicrobial alternatives. This study also supports the need for
further research to be conducted on direct-fed microbial

effects.

Conclusion

Our data demonstrated that the investigated lactic acid bacteria exhibited some
antibacterial activity on major liver abscess pathogens. Fusobacterium necrophorum had the

greatest zone of inhibition from the LAB isolates as well as the highest number of isolates to
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suppress lawn growth. Some variability between results is likely due to pH levels in the
supernatant. This is supported when comparing each experimental result to their respective
supernatant pH. The selective inhibition and variability between bacterial pathogens are
interesting observations that need to further investigation. Our study supports additional testing
on these ruminal isolates, particularly pertaining to identification and characterization for there to

be potential for utilization in probiotic or direct-fed microbial products.
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Figures

Figure 1. Lactobacillus colonies on MRS agar
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Figure 3. Antimicrobial activity of Lactobacillus cultures on Salmonella enterica serovar
Lubbock
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Figure 5. Negative control plate
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Tables

Table 1. pH values of strained rumen fluid, enriched cultures, and Lactobacillus supernatants

pH Values
Average pH (Range)
Rumen #
Samples | Isolates Strained Rumen Enriched LAB
Fluid Culture Supernatant
1-6 60 6.20 (5.26-7.55) 4.97 (4.78-5.25) 4.97 (4.65-5.31)
7-16 100 5.58 (5.32-6.00) 4.85 (4.71-5.07) 4.81 (4.35-5.70)
17-26 100 5.46 (5.18-5.86) 477 (4.59-4.98) | 4.82 (4.47-5.47)
27-36 100 4.49 (5.38-6.47) 4.87 (4.62-5.46) | 5.49 (5.18-6.30)
37-46 100 6.73 (5.78-7.51) 4.94 (4.72-5.31) 5.10 (4.67-5.70)
47-56 100 7.07 (6.52-7.34) 4.83 (4.21-5.42) 4.97 (4.71-5.72)
Mean (Range) 5.92 (5.18-7.55) 4.87 (4.21-5.46) 5.03 (5.35-6.30)

Table 2. Inhibition of Lactobacillus cultures on F. necrophorum, T. pyogenes, and S. enterica

Zone of inhibition (mm)

Number of positive isolates (Zone diameter range in millimeters)
Fusobacterium .
Rumen # necrophorum Trueperella pyogenes Salmonella enterica
Samples | Isolates

Non-pH pH Non-pH pH Non-pH pH

Adjusted | Adjusted | Adjusted | Adjusted | Adjusted | Adjusted
1-6 60 26 (11-17) 0(0) 7 (11-13) 0 (0) 25 (11-13) 0(0)
7-16 100 64 (11-16) 0(0) 0 (0) 0 (0) 6 (11-12) 0(0)
17-26 100 28 (11-15) 0 (0) 0 (0) 0 (0) 11 (10-12) 0 (0)
27-36 100 22 (11-15) 0(0) 34 (10-13) 0 (0) 79 (11-16) 0(0)
37-46 100 10 (11-14) 0(0) 2 (10-10) 0 (0) 2 (10-11) 0(0)
47-56 100 13 (12-15) 0(0) 0 (0) 0 (0) 5 (10-12) 0(0)
Total (Range) 163 (11-17) 0(0) 43 (10-13) 0 (0) 128 (10-16) 0(0)
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Table 3. Total number of isolates of Lactobacillus that showed inhibition (n=334)

Total #
Pathogen :
isolates
Fusobacterium
163
necrophorum
Trueperella
43
pyogenes
Salmonella
) 128
enterica
F. necrophorum
21
& T. pyogenes
F. necrophorum
) 41
& S. enterica
F. necrophorum,
T. pyogenes, & 14

S. enterica

Table 4. Zone diameters with the number of Lactobacillus isolates that showed inhibition for
each experimental group

Zone diameter (mm), No. of isolates positive

Pathogen (11-12mm) (13-14 mm) (15-16 mm) (17+ mm)
Fusobacterium 76 60 26 1
necrophorum
Trueperella 41 9 0 0
pyogenes
Salm(_)nella 70 49 9 0
enterica
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Table 5. Ten lactic acid bacterial (LAB) isolates chosen for their inhibition of all three bacterial species, Fusobacterium necrophorum
(F), Trueperella pyogenes (T), and Salmonella enterica (S)

Ten isolates selected for greater inhibition of F. necrophorum

LAB | SRFYE2| pH Zone (mm) oH Zone (mm) oH Zone (mm) oH Zone (mm)
F T S F T S F T S F | T S
1-Al SRF 4.9 17 0 0 554 | 14 | 11 | 12 | ND® | ND® | ND® | ND® | 462 | 15 | 11 | 13
1-C2 SRF 5.03 | 16 0 0 461 | 13 | 0 |11 | ND® | ND® | ND® | ND® | 527 | O 0 0
7-B2 SRF 476 | 16 0 0 4.6 13| 0 | 11 | 471 13 0 12 546 | O 0 0
12-B2 SRF 495 | 16 0 0 4.89 0 0 0 ND3 | ND® | ND® | ND? 5.4 0 0 0
14-A2 SRF 456 | 16 0 0 461 | 12 | O 0 ND3 | ND® | ND® | ND® | 497 |14 | 0 | 14
15-B1 SRF 438 | 15 0 0 464 | 14 | 11 | 13 | 4.64 14 0 12 506 | 13 | 0 | 13
18-A2 SRF 448 | 15 0 0 453 | 14 | 12 | 12 | 4.73 14 11 12 555 | O 0 0
19-B2 SRF 452 | 15 0 10 | 456 | 14 | 12 | 12 | 45 15 11 12 5.22 0 0 0
21-Al SRF 4.5 15 0 0 457 | 14 | 12 | 11 | 4.58 14 11 11 487 | 13| 0 | 14
27-E2 E 6.02 | 15 0 0 477 |12 | 0 O | ND® | ND® | ND® | ND® | 465 | 15 | 11 | 14

1SRF = Strained rumen fluid

2E = Enriched strained rumen fluid

SND = No data available
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Table 6. Ten lactic acid bacterial isolates (LAB) chosen for their inhibition F. necrophorum only

Ten isolates selected for inhibition of all three pathogens

LAB SRFYE? oH I:Zone_lfmm)s oH I:ZoneT(mm)S oH _ ZoneT(mm) - oH I:Zone_lfmm)s
3-D1 E 477 | 13 |11 | 11 | 479 |12 | 0 | 11 | 5.65 13 0 11 467 |14 | 0 | 14
3-E1 E 465 | 12 | 13 | 12 | 491 |11 | O |11 | ND® | ND® | ND® | ND® | 481 | 15| 0 | 13
29-Al SRF 518 |14 | 13 | 14 | 487 | 11 | O | 11 | ND® | ND® | ND® | ND® | 5.05 0 | 0] 13
31-C1 SRF 534 | 13 | 12 | 15 | 495 | O 0 | 12 | 488 11 0 12 499 | 11 | 0 | 13
33-C2 SRF 537 | 13 | 11 | 14 | 492 | O O |11 | ND® | ND® | ND® | ND® | 507 | 12 | 0 | 13
34-B1 SRF 523 | 14 | 15 | 14 | 46 14 | 11 | 12 | 4.68 14 12 12 506 | 13 | 0 | 14
34-C1 SRF 527 | 15 | 12 | 13 | 454 | 15 | 11 | 13 | 454 14 12 12 5.38 0 | 0] 12
34-D1 E 5.2 13 | 12 | 13 | 455 | 13 | 12 | 12 | ND® | ND® | ND® | ND® | 5.55 0 | 0] 12
34-D2 E 518 | 15 | 12 | 14 | 471 | 13 | 0 | 13 | 47 14 0 12 5.36 0 | 0] 13
36-B1 SRF 526 |11 | 12 | 14 | 459 | 15 | 11 | 12 | ND® | ND® | ND® | ND® | 5.18 0 | 0] 13

ISRF = Strained rumen fluid

2E = Enriched strained rumen fluid

3SND = No data available
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