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ABSTRACT
Foodborne illness and outbreaks associated with poultry products are commonly caused by
Campylobacter jejuni or Salmonella enterica. These pathogens colonize the bird intestines
during rearing, and if processing, handling or cooking is not done properly, contamination
and human illness can occur. Probiotics, prebiotics and botanicals are being evaluated as
novel feed additives to reduce pathogen colonization and serve as growth promoter
additives in poultry production. Some botanicals are of industrial interest because they are
natural antimicrobials or possess beneficial effects on human health. In this research, the
application of a botanical (yerba mate) and a probiotic were evaluated as feed additives for
broiler chickens to reduce Salmonella colonization. First, the antimicrobial activity of yerba
mate extract was evaluated in vitro against Salmonella Enteritidis (SE) and lactic acid
bacteria (LAB). Then, in vivo evaluations were conducted. Day-of-hatch chicks were
treated with of the following 1) no treatment (control); 2) ground yerba mate in feed; 3)
probiotic treatment (Lactobacillus acidophilus and Pediococcus; 9:1 administered once on
day-of-hatch by gavage) or 4) both yerba mate and probiotic treatments. At day 3, all
chicks were challenged with SE and at day 10, all birds were euthanized and cecal contents
enumerated for Salmonella. For the in vitro evaluation, antimicrobial activity was observed
against Salmonella, while the same treatment enhanced growth of LAB. For in vivo
evaluations, the probiotic treatment significantly reduced Salmonella colonization in the
horizontal transmission experiment while none of the yerba mate treatments significantly
reduced SE colonization. Yerba mate decreased chicken body weight and decreased the
performance of the probiotic treatment when used in combination. It is important to
evaluate the use of novel probiotics, prebiotics or botanicals for poultry production. Bird
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health, growth promoter effects or antinutritional factors of botanicals should be considered
before designing diets.
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INTRODUCTION
The Centers for Disease Control and Prevention (CDC) estimates that 48 million people get
sick, 128,000 are hospitalized and 3,000 die of foodborne illness in the United States each
year (CDC, 2011). Consumption of meat and meat products contaminated with enteric
pathogens has been identified as the source of several foodborne outbreaks, which is a big
concern for animal producers, authorities and consumers. Campylobacter jejuni is
associated with consumption of raw or undercooked poultry and poultry products and
Salmonella enterica outbreaks commonly involve poultry and produce. Extensive research
is being conducted to evaluate the use of probiotics, prebiotics and botanicals in chicken
performance and microbiological quality. The main target is to find a feed additive that
provides an ideal flora that allows optimum growth performance while inhibiting the
colonization of pathogenic bacteria in the GI tract to reduce the number of foodborne
illness related to poultry consumption. Chapter I will discuss the use of botanicals in
poultry production and advantages and disadvantages of the use of botanicals with high
polyphenol content. Chapter II provides information of an in vivo and in vitro research
conducted with the use of yerba mate, a botanical feed additive with antimicrobial activity
against Salmonella Enteritidis and Campylobacter jejuni in vitro.
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CHAPTER I:
LITERATURE REVIEW
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Abstract
Campylobacter jejuni and Salmonella enterica are common pathogens associated with
poultry. They both cause approximately 2.5 million cases of foodborne illness each year in
the United States. Probiotics, prebiotics and botanicals are being evaluated to find novel
feed additives that reduce pathogen colonization and serve as growth promoter additives in
poultry production. The objective is to decrease foodborne illness and outbreaks related to
poultry products and serve as an alternative to antibiotic growth promoters. An important
form of botanical feed additives is essential oils (EOs). EOs is secondary metabolites that
contain most of the active substances of the plant, including polyphenols. EOs work as
antimicrobial because they target the cell membrane of microorganisms and disintegrate it.
EOs can increase performance and productivity when administrated at the optimum
inclusion rate. Polyphenols present in EOs have several beneficial effects in hu
man and animal health for their antioxidant capacity. They possess biological properties
including anti-aging, anti-cancinogen, anti-atherosclerosis, cardiovascular protection and
anti-inflammation. In some cases, polyphenols can have a detrimental effect in the
consumer. They could decrease protein and lipid digestibility, they can be toxic to liver and
kidney or alter spermatic activity. These antinutritional factors are attributed at that
polyphenols are produced by plants as natural defense mechanism. There is scare
information about if polyphenols are beneficial or detrimental to the consumer but what is
sure is that at high concentrations they represent a risk to the consumer. Antinutritional
factors of botanicals should be taken in consideration before designing diets for poultry
production.
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Introduction

Foodborne Pathogens

The Centers for Disease Control and Prevention (CDC) estimates that 48 million people get
sick, 128,000 are hospitalized and 3,000 die of foodborne illness in the United States each
year (CDC, 2011). Foodborne illness is caused mainly by enteric bacteria, viral pathogens,
and parasites, but also can be caused by marine dinoflagellates, bacteria that produce
biotoxins and the self-inducing prions of the transmissible encephalopathies (Tauxe, 2002).
The most common route of contamination and illness is the consumption of contaminated
food with pathogens, microorganisms or toxins (Doyle and Erickson, 2006). Scharff (2010)
estimated that the total cost of foodborne illness in the US is $152 billion per year,
suggesting that foodborne illness continues to be a significant problem that needs to be
addressed.

Consumption of meat and meat products contaminated with enteric pathogens has been
identified as the source of several foodborne outbreaks, which is a big concern for animal
producers, authorities and consumers. For example, E. coli O157:H7 is associated with the
consumption of beef products, Campylobacter jejuni is associated with consumption of raw
or undercooked poultry and poultry products and Salmonella enterica outbreaks commonly
involve poultry and produce. Despite efforts to reduce risk factors implicated in foodborne
outbreaks, the incidence of these illnesses is not decreasing.

Salmonella
Salmonella is the leading cause of hospitalizations and death due to foodborne pathogens.
Salmonellosis causes 23,128 hospitalizations and 452 deaths each year in the United States
4

(Scallan et al., 2011). It is the most frequently reported foodborne pathogen with the
highest incidence in children under 5 years old and adults over 60 years old. Salmonella
causes gastroenteritis with abdominal pain, diarrhea, fever, nausea, vomiting and headache
as common symptoms. Recently, Salmonella outbreaks reported by the CDC have involved
fruits and vegetables, live poultry, and peanut butter, but it is widely known that poultry
products are the main vehicle of human salmonellosis. Salmonella is found in the intestinal
tract of birds but it is not part of the normal flora, it is acquired from feed and environment.
Salmonellosis symptoms usually start from 12 to 72 hours after infection and the duration
of the illness is typically 4 to 7 days. Most persons recover without treatment but in some
cases hospitalization is needed due to a severe diarrhea (CDC, 2013a).

Campylobacter
Campylobacter is a primary concern for public health because it is one of the most common
causes of foodborne illness worldwide. In the United States, there are over 1.3 million
cases, 13,240 hospitalizations and 119 deaths each year related to campylobacteriosis
(Scallan et al. 2011). Campylobacter is the most frequent cause of acute bacterial diarrhea
in many developed countries and other common symptoms may include fever, abdominal
pain, malaise and vomiting. In very few cases, Campylobacter infections cause sequelae
including the Guillain-Barré syndrome and reactive arthritis (Altekruse et al., 1999;
Humphrey et al., 2007). The highest incidence occurs in infants and adults between 20 and
30 years old. When campylobacteriosis occurs, antibiotic therapy is not recommended but
fluid balance and bed rest are important, the typical duration of the illness is less than 10
days. Like Salmonella, poultry is a common vehicle for Campylobacter because they are
reservoirs of the pathogen without causing harm or disease to the bird.
5

Poultry Production and Processing

Live poultry and poultry products are a frequent vehicle of Salmonella enterica or
Campylobacter jejuni infection in humans. In recent years, the CDC has reported several
outbreaks related to Salmonella in poultry and poultry products, including live poultry,
chicken products, ground turkey and shell eggs (CDC, 2013b). Conversely, Campylobacter
occurs sporadically and there are few reported outbreaks (Finch and Blake, 1995; Pearson
et al., 2000; Allerberger et al., 2003).
From farm to fork, Salmonella and Campylobacter can contaminate poultry in a variety of
ways. On the farm, the environment in close proximity to the rearing houses is the most
likely source of contamination. The farm workers as well as vectors including birds,
reptiles, insects and vermin, also serve as reservoirs of enteric pathogens and propitiate the
contamination of poultry with Salmonella and Campylobacter (Kazwala et al., 1990).
Salmonella is a common contaminant of feed but it also can survive in litter and soil for
several weeks and Campylobacter can be found in the air, litter and drinking water
containers contaminated with feed or fecal material (Bryan and Doyle, 1995). Intensive
rearing is conducive to horizontal transmission of Salmonella and Campylobacter
colonization. One infected bird can easily spread pathogens to many birds because
pathogens are shed in feces and birds habitually peck at litter (White et al., 1997).
Salmonella and Campylobacter mainly colonize the ceca of chickens. The mechanism of
Salmonella colonization is not fully understood while Campylobacter jejuni is known to be
drawn to mucin and L-fucose in the ceca and utilizes mucin as a source of nutrients
(Hugdahl et al., 1988).
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Processing is a very important step for the microbiological quality of poultry meat. If it is
not done correctly, meat contamination may occur. The crucial steps include scalding,
defeathering and evisceration, where transfer of microorganisms from the GI tract or
contamination of the equipment, personnel or utensils to the poultry meat can occur.
Bacteria adhere firmly to poultry carcasses and migrate from the skin to ridges and crevices
where they become entrapped (Bryan and Doyle, 1995). Pathogens present in the carcasses
increase the risk of outbreaks and people getting sick from foodborne illness. Food handlers
and final consumers have important roles in preventing illness. Improper cooling and
inadequate cooking or thermal processing of meat products and cross-contamination during
food preparation can have a detrimental impact on the food quality and may cause
foodborne illness or outbreaks. Governmental agencies and producers should not assume
that the risk of getting a foodborne illness is eliminated with proper food handling; they
need to eliminate the problem to reduce the risk of contamination.

Poultry Microbiota

Extensive research has been carried out to learn and understand chicken intestinal
microbiota, its complex associations and dynamic relations. Intestinal microbiota is of
much importance because it is related to health and well-being of the host. Microbial
interactions influence the intestinal environment, affecting the development and responses
of the host against pathogenic and non-pathogenic bacteria (Ricke et al., 1999). A wide
variety of digestive flora are present in the gastrointestinal tract of birds, including bacteria,
fungi and protozoans (Gabriel et al., 2006) and birds obtain the flora from the feed and the
environment within a few hours after hatching. The microorganisms of the digestive flora
are located in the gut lumen, buried in the mucus layer or adhering to the digestive mucosa.
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These mucosal bacteria form a very important cell layer that plays an important role in the
health and well-being of the host (Gong et al., 2002; Gabriel et al., 2006).

A wide number of studies have been carried out, culturing on a variety of selective and
non-selective media, to characterize and understand the chicken digestive ecosystem
(Barnes et al., 1979). In these studies most of the cultures obtained from ceca showed a
high density and variability of Gram-positive bacteria, as compared with cultures from the
small intestine that had a simpler bacterial community dominated by Lactobacilli (Gong et
al., 2007). However, traditional methods of classical culturing of digestive microflora only
identified 20 to 50% of bacteria present in the microbiota (Patterson and Burkholder, 2003).
Therefore, molecular techniques have been developed using 16S ribosomal DNA gene
sequencing analysis, which gives a more precise and complete image of the microbial
density than culturing (Gabriel et al., 2006). Those studies using molecular methods
showed a more detailed characterization of the microflora present in the gastrointestinal
tract, mainly dominated by Lactobacilli. In a study conducted by Lu et al. (2003), 70% of
the bacterial sequences in the ileum were related to those of Lactobacillus, 11% to
Clostridiaceae, 6.5 % to Streptococcus and 6.5 % to Enterococcus, while in the ceca, 65%
of the bacterial sequences were related to Clostridiaceae, 14% to Fusobacterium, 8% to
Lactobacillus and 5% to Bacteroides; but these numbers vary considerably from bird to
bird. Lactobacilli were also predominant in the small intestine, gizzard and crop (Gong et
al., 2007; Zhu et al., 2002).

Factors related to each specific animal, like sex, age and immune system influence the
microflora present in the gastrointestinal (GI) tract. It has been determined that each
individual possess a specific bacterial community in the GI tract that can be modulated by
8

several factors related to the environment and rearing conditions. This profile is also a
function of the diet as dietary ingredients are potential substrates for bacterial growth
(Gabriel et al., 2006). Furthermore, all the biochemical processes occurring during
digestion, modulate the microbiota present on the GI tract (Zhu et al., 2002).
The numbers of microbes can reach 1011 CFU/g and l09 CFU/g of caecal and ileal digesta,
respectively, during the first three days post hatch and remain relatively stable for the
following 30 days. This large amount of bacteria can use 10 to 20% of carbohydrates and
amino acids that could be otherwise utilized by the host (Apajalahti et al., 2004). Although,
there exists an internal competition between the host and microbiota for dietary nutriments,
these microorganisms also have a positive effect on the host by releasing factors including
vitamins and fatty acids that the host can absorb in the intestines and the ceca. Most nondigestible carbohydrates are fermented by the microflora in the ceca. Nitrogenous
compounds which persist in the ceca are broken down by bacteria into short chain fatty
acids (SCFA), which are later absorbed by the host (Gabriel et al., 2006). Schaedler (1973)
concluded that and ideal flora allows optimum growth performance while an alteration
could be deleterious to the host. Changes in dietary composition or nutrient availability can
have dramatic effects on the intestinal microflora populations, which in turn can influence
the ability of the animal to digest and absorb dietary nutrients (Lu et al., 2003; Apajalahti et
al., 2004).

Pathogen Control
In general, intestinal bacteria may be divided into species that exert beneficial effects on the
host (Lactobacilli and Bifidobacterium) or pathogenic bacteria to the bird or human (E.
coli, Campylobacter and Salmonella) (Li et al., 2009). Intestinal microbiota plays an
9

important role in the health status of host animals and it is the first barrier against
foodborne zoonotic pathogens (Zhu et al., 2002; Li et al., 2009). Proposed mechanisms of
pathogen inhibition by the intestinal microbiota include competition for nutrients,
production of toxic conditions and compounds (volatile fatty acids, low pH, and
bacteroicins), competition for binding sites on the intestinal epithelium and stimulation of
the immune system (Patterson and Burkholder, 2003). The intestinal epithelium, together
with the mucus, provides the first line of defense against pathogens and antigens (Gaggia et
al., 2010). The concept of a gastrointestinal probiotic or competitive exclusion culture is to
prevent pre-harvest colonization of the gastrointestinal tract of food animals by foodborne
zoonotic pathogens. Development and application of effective competitive exclusion
cultures may prevent Salmonella colonization mainly based on the understanding of the
progression and establishment of the intestinal microflora as the bird ages (Ricke et al.,
1999). Furthermore, the intestinal microflora participates in the maintenance of an effective
intestinal immune system. It influences the number, distribution and degree of activation of
cell populations of the intestinal immune system by activating phagocytosis and cytokine
synthesis by macrophages (Gabriel et al., 2006).
Beneficial Bacteria
Competitive Exclusion
The term competitive exclusion was first introduced by Nurmi and Ratala (1973). They
found that administering a suspension of adult cecal contents to baby chicks reduced
Salmonella colonization. Today it is a common practice to administer cultures, mix of
cultures or commercial probiotic products to day-of-hatch chicks to protect and reduce
pathogens colonization. Due to the complete ban of antibiotics by the European Union in
10

2006, the poultry industry is increasing the research efforts in order to use probiotic,
prebiotic and botanical feed supplementation as alternatives to improve host health,
enhance feed intake, weight gain and control foodborne pathogens.

Probiotics
Probiotics are live microorganisms that promote host health and are associated with the
concept of competitive exclusion. Many of the species of probiotics used are constituents of
the normal gut microbiota of humans and animals. Probiotics can support the beneficial
effects of commensal bacteria and protect from pathogen colonization through several
modes of action. The most used probiotic bacteria in poultry production are Lactobacillus,
Bifidobacterium, Pedioccoccus, Enterococcus, Saccharomyces and Bacillus. Lactobacillus
is a lactic acid producing bacteria and a significant constituent of the gut microbiota of
humans and animals, including chicken broilers (Zhu et al., 2002; Lu et al., 2003). Bacillus
is a non-lactis, spore-forming Gram-positive microorganism normally found in the
intestinal tract of animals. Bifidobacterium is one of the major bacteria found in the
intestinal microbiota; it is associated with good health of the host maintaining the
appropriate balance of the microbiota reducing the risk of pathogen colonization (Gaggia et
al., 2010). When probiotics are delivered during early life of the host, the bacteria can
modulate expression of genes in intestinal epithelial cells, thus creating a favorable habitat
for themselves (Gaggia et al., 2010).
The beneficial effects of probiotics in the host have been widely studied, for example
Bifidobacteria lowers cholesterol levels, acts as immunomodulator, produces vitamin B and
folic acid, reduces blood ammonia levels and produces acetate and lactate which inhibit the
growth of potential pathogens by acidifying the gut contents (Gibson and Roberfroid,
11

1995). Numerous studies in vivo have demonstrated the effectiveness of probiotics against
pathogen colonization, including Salmonella Enteritidis (SE) and Campylobacter jejuni.
For example, Higgins et al. (2007) recovered significantly less SE compared to the control
when day-of-hatch chicks were treated with probiotics and subsequently challenged with
Salmonella Enteritidis. A commercial product containing Bacillus cereus var. Toyoi was
found to be effective at reducing Salmonella Enteritidis in broilers and Leghorn chickens
(Vila et al., 2009). Santini et al (2010) did an in depth evaluation of 55 LAB and
Bifidobacteria for desirable properties for potential probiotic strains and assessed the
capability of the most promising strains to colonize the GI tract of poultry. They found that
Bifidobacterium longum PCB 133 possessed the best probiotic properties in vitro and was
able to colonize the gut and significantly reduced Campylobacter jejuni in live poultry.
Bird health and performance have also been increased with the use of probiotics. Vicente et
al. (2007) significantly reduced mortality, improved body weight (BW) and reduced feed
conversion ratio (FCR) treating broilers reared under commercial conditions with a
Lactobacillus based probiotic product. They concluded that production costs decreased
with this treatment due to the improvements caused by the probiotic. Supplementing
chicken feed with a mix of twelve different Lactobacillus strains isolated from the chicken
intestine, increased BW and decreased FCR, serum cholesterol levels and mortality for
broiler chickens (Jin et al., 1998).
Prebiotics
Gibson and Roberfroid (1995) introduced the term prebiotic defined as “nondigestible food
ingredients that beneficially affect the host by selectively stimulating the growth and/or
activity of one or a limited number of bacteria in the colon”. To consider a feed additive as
12

a prebiotic, it must not be hydrolyzed or absorbed in the GI tract, it must be selective for a
limited number of beneficial bacteria, it must beneficially alter the intestinal microbiota and
their activities and fermentation of the substrate should induce beneficial effects within the
host. (Gibson and Roberfroid, 1995; Patterson and Burkholder, 2003; Donalson et al., 2008;
Gaggia et al., 2010).
Non-digestible oligosaccharides meet the definition of prebiotic and some of the most
common

prebiotics

are

fructooligosaccharides

(FOS),

galactooligosaccharides,

transgalacto-oligosaccharidesand lactulose. Mannanoligosaccharides (MOS) have been
uses as a prebiotic supplement but they do not selectively enrich for beneficial bacterial
populations. MOS prevent bacteria from being excreted by promoting attachment due to
mannose, which binds to the type 1 fimbriae used by many enteric bacteria to attach to the
host cell (Gaggia et al., 2010; Kim et al., 2011).
Prebiotics are known to act as nutrients for colonic bacteria and produce SCFA, which
modify bacterial ecosystems. SCFA in the GI tract inhibit the growth of pathogenic bacteria
which increases performance in poultry due to better nutrient utilization. Kim et al. (2011)
applied different FOS and MOS treatments in broilers and observed an increase in
Lactobacilli population and a decrease of Clostridium perfingens and E. coli.
Improvements in FCR have been obtained as well as enhanced growth of Bifidobacterium
and Lactobacillus and decrease in E. coli with FOS supplementation (Xu et al., 2003).
Sims et al. (2004) observed an improvement in BW and FCR and increase of Lactobacilli
and Bifidobacterium counts when feeding an MOS treatment to turkeys.
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Botanicals
General Information
Botanicals include plants and plant products. They can be solid, dried, ground, plant
extract, oleoresin or EOs. They have a long history in human medicine and nutrition and
they are commonly used for flavor, color and aroma or as preservatives in food and
beverages systems. They have a great variety of phytochemical compounds which are
responsible for the beneficial effect to the consumer (Windisch et al., 2008; Hippenstiel et
al., 2011). One of the most economically important forms of botanicals are EOs which are
odoriferous secondary metabolites obtained from plant materials including flowers, buds,
seeds, leaves and fruits that contain most of the active substances. They play an important
role in protection of plants acting as antibacterial, antiviral, antifungal and insecticide. They
also may attract insects to help dispersion of pollen and seeds, or repel other undesirable
insects (Bakkali et al., 2007; Applegate et al., 2010).

Antimicrobial Properties
Botanicals have gained researchers and industry attention for their effective use against
foodborne pathogens. There are numerous in vitro studies evaluating the effects of a wide
variety of botanicals, against bacteria but the most effective antimicrobial form is EOs
(Burt, 2004; Bakkali et al., 2008). Mechanisms of actions of EOs involve cell wall
deterioration, cell lysis, disintegration of the outer membrane but numerous authors
conclude that the cell membrane is the main target of EOs (Burt, 2004). Ouwehand et al.
(2010) evaluated the effect of several EOs on common pathogens and beneficial members
of the microbiota. Carvacrol, cinnamaldehyde, citral and thymol were the most effective at
reducing S. enterica, while E. coli strains were relatively sensitive to most EOs tested.
14

Owehand et al. (2010) and Si et al., (2006) have also reported that beneficial bacteria
including Bifidobacteria and Lactobacillus are slightly more resistant to EOs than
pathogens and some strains are actually growth stimulated by specific EOs, suggesting that
EOs may be used to inhibit the growth of pathogens while stimulating the growth of
beneficial bacteria.

Effects on Feed Intake and Passage Rates
Botanicals have been used as feed additives for poultry production because they increase
performance and productivity due to their antioxidant activity, growth promoting effects
and antimicrobial properties (Windisch et al., 2008). The use of botanical products
including products from rosemary, thymol and carvacrol, as antioxidants in poultry
production and processing, has been found to contribute to improvements in oxidative
stability in chicken and turkey meat (Botsoglou, 2002a; 2003a; 2003b). In poultry
production, EOs have been used to improve FCR and BW by beneficially altering the
composition and activity of the gut microflora (Leusink et al., 2010), proving that an ideal
flora promotes the optimum growth performance. The effect of botanicals on broiler
performance and gut microbiota has been extensively evaluated and some authors conclude
that EOs lower counts of pathogens including Clostridium, E. coli and Salmonella, while
increasing counts of Bifidobacteria and Lactobacillus. The use of EOs also increases
performance in terms of BW and FCR because the beneficial members of the microbiota
are positively affected. Tiihonen et al. (2010) lowered E. coli and Clostridium, obtained
higher counts of Bifidobacteria and Lactobacillus and increased BW measurements
compared to the control when they fed a blend of EOs to broiler chickens. The use of EOs
as feed additives is thought to be more effective than botanicals because EOs contain
15

polyphenols and other active compounds in a concentrated form. However, there is not
enough information about which form is more effective at controlling pathogens and
increasing performance. A study was conducted by Cross et al. (2007) to evaluate the effect
of feeding herbs or its associated EOs on bird performance and intestinal microbiota. They
reported that birds fed yarrow herb had greater BW than those fed yarrow oil, but the group
fed thyme oil had the greatest BW. The authors concluded that herbs and EOs have
different effects on broilers based on the terpene composition of the feed additives.

Polyphenols in Botanicals
Polyphenols are secondary metabolites present in EOs and botanicals. They occur in fruits,
vegetables and byproducts including wine, tea and chocolate. They have several functions
in plants including color of leaves, flowers and fruits, antimicrobial and antifungal,
chelation of toxic heavy metals and antioxidants during photosynthesis (Gould and Lister,
2006). They are produced by plants as defense against herbivores, insects and pathogens to
avoid predation (Khokhar and Apenten, 2003). The most abundant polyphenols in the
human diet are flavonoids including quercitin and kaempferol and phenolic acids including
caffeic and chlorogenic acids. Other important water-soluble polyphenols include tannins,
which give astringency or bitterness to fruits. Tannins include proanthocyanidins and tannic
acid (Han et al., 2007). Polyphenols have received a lot of attention because they are
thought to be beneficial for human and animal health for their antioxidant capacity.
Oxidative stress plays an important role in pathogenesis of aging and several degenerative
diseases including atherosclerosis, cardiovascular diseases, type II diabetes and cancer
(Gutteridge, 1993). Dietary polyphenols are excellent at reducing this oxidative stress
which is why consumers believe polyphenols supplementation will be beneficial to their
16

health as natural antioxidants. Polyphenols reduce oxidative stress by scavenging free
radicals inhibiting oxidant enzymes, impacting cell cycles and inducing endogenous
antioxidant enzymes. They possess diverse biological properties including antioxidant, antiapoptosis,

anti-aging,

anti-carcinogen,

anti-inflammation,

anti-atherosclerosis,

cardiovascular protection and cell proliferation activity (Han et al., 2007; Stevenson and
Hurst, 2007). They may also help protect the GI tract against damage by reactive species
present in food or generated within the stomach and intestines (Halliwell, 2007).
One of the many reasons why polyphenols are becoming very popular in human nutrition is
because they are believed to play a role in inhibiting cancer development by modulating
cell signaling pathway and inducing apoptosis in malignant cells (Stevenson and Hurst,
2007). A clear example of the potential beneficial effects of polyphenols is the polyphenol
gossypol extracted from cotton oil, which has anti-viral activity in vitro, including human
immunodeficiency virus (HIV). It has been proposed as a male anti-fertility agent (Polsky
et al., 1989) but gossypol also possesses antinutritional properties.
Once polyphenols are consumed, they are extensively metabolized to simpler phenolic and
non-phenolic compounds. They are absorbed through the gut barrier and metabolized in the
tissues, and if not absorbed, they serve as substrates to the colonic flora, which metabolize
them (Scalbert et al., 2002; Rechner et al., 2003). Unabsorbed dietary polyphenols and their
metabolites may play a key role in the maintenance of intestinal health and can modulate
gut microflora (Selma et al., 2009). Phenolic compounds including quercitin and caffeic
acids have been reported to inhibit various pathogenic bacteria in vitro (Aziz, 1998). As an
example of an application of polyphenols in animal production, Viveros et al. (2011) feed
the botanical grape seed extract (GSE) to broiler chickens and concluded that polyphenols
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found in GSE increased populations of beneficial bacteria in the ileum as well as increasing
villus height:crypth depth ratio in the jejunum.
Polyphenols are complex molecules and have multiple potential actions other than
antioxidant or antimicrobial. Given that they are a natural defense mechanism of plants
against predators, they may have a negative effect in humans and animals when they are
consumed, due to antinutritional factors. Makkar (1993) defined antinutrients as substances
that interfere with food utilization and affect health and production of consumers. Plants are
known to contain a wide variety of antinutritional substances that can be anti-vitamins or
could affect protein, lipid or mineral utilization and digestion (Francis et al., 2001). Some
examples of foods with important antinutritional factors are legumes, oil seeds and leaves
rich in polyphenols.
Extensive research to include botanical feed supplements in animal production is being
conducted. New plants and EOs are being evaluated to look for an ideal product that
achieves an increase in animal performance and controls intestinal pathogens. But there is
scare information and awareness that these botanical supplementations can include
antinutrients which can cause a detrimental effects or reductions in performance of animals.
Longstaff and McNab (1991) evaluated a tannin-rich diet in young chicks and found that
tannins inhibit digestive enzymes including trypsin, lipase, α-amylase and α-glycosidas,
which decrease digestibility of proteins, starches and lipids. Yuste et al. (1992) obtained
similar findings in chickens and other authors concluded the same (Sarwar Gilani et al.,
2005; Han et al.,2007).
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Not only for animal production but in humans, polyphenols might have a negative impact
on the health of the consumer. Fang et al (2007) concluded that the consumption of
excessive amounts of polyphenols in dietary supplements may affect DNA methylation
status, but its toxicity needs to be further demonstrated. Polyphenols can be toxic to the
liver and kidney and cause stomach cancer in rats (Ferry et al., 1996; Galati et al., 2006;
Stevenson and Hurst, 2007). Moreover, depending on the consumer or application,
polyphenols can have either a beneficial or detrimental effect, as is the case of the
polyphenol gossypol. Francis et al. (2001) summarized that feeding fish a cottonseed meal
containing gossypol could cause growth depression, intestinal and internal organ
abnormalities, liver and kidney damage and alterations in spermatic activity. There is still a
long way to go and research to be conducted to prove if polyphenols are an effective feed
additive in poultry production. It is certain that some polyphenols have evolved to be toxic
to organisms that feed on them. Humans and animals are relatively resistant to them, but at
definitively high doses, polyphenols could be harmful (Stevenson and Hurst, 2007).
Conclusions and future directions
Salmonella enterica and Campylobacter jejuni cause approximately 2.5 million cases of
foodborne illness each year in the United States. The CDC reports poultry as a common
vehicle to human infection for these two pathogens. The reason is that they easily colonize
the chicken intestine during production and carcass contamination with GI contents during
processing commonly occurs. To reduce the number of infections and outbreaks, preharvest intervention and exclusion strategies including the use of probiotics, prebiotics and
botanicals were proposed.
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Extensive research is being conducted to evaluate the use of probiotics, prebiotics and
botanicals in chicken performance and microbiological quality. The main target is to find a
feed additive that provides an ideal flora that allows optimum growth performance while
inhibiting the colonization of pathogenic bacteria in the GI tract to reduce the number of
foodborne illness related to poultry consumption. A new approach is the use of EOs as feed
additive because they possess polyphenols and other active compounds in a concentrated
form. Several bird trials have demonstrated that polyphenols can maintain a healthy gut
microflora while inhibiting pathogen bacteria. Polyphenols possess antinutritional factors
that could decrease protein or lipid digestibility or be toxic to the consumer. Future research
should evaluate the use of feed additives with synergistic capacities to increases chicken
performance, promote gut health and reduce pathogen colonization. However,
antinutritional factors of polyphenols should be considered before evaluating new feed
additives.
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CHAPTER II:
YERBA MATE ENHANCES PROBIOTIC BACTERIA GROWTH IN VITRO BUT
AS A FEED ADDITIVE DOES NOT REDUCE SALMONELLA ENTERITIDIS
COLONIZATION IN VIVO
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Abstract
Yerba mate (Ilex paraguariensis) is a tea known to have beneficial effects on human health
and antimicrobial activity against some foodborne pathogens. Thus, the application of
yerba mate as a feed additive for broiler chickens to reduce Salmonella colonization was
evaluated. First in vitro evaluation was conducted by suspending Salmonella Enteritidis
(SE) and lactic acid bacteria (LAB) in yerba mate extract. The in vivo evaluations were
conducted using preventative and horizontal transmission experiments. In all experiments,
day-of-hatch chicks were treated with one of the following 1) no treatment (control); 2)
ground yerba mate in feed; 3) probiotic treatment (Lactobacillus acidophilus and
Pediococcus; 9:1 administered once on day of hatch by gavage) or 4) both yerba mate and
probiotic treatments. At day 3, all chicks were challenged with SE (preventative
experiment) or 5 of 20 chicks (horizontal transmission experiment). At day 10, all birds
were euthanized, weighed, and cecal contents enumerated for Salmonella. For the in vitro
evaluation, antimicrobial activity was observed against Salmonella while the same
treatment enhanced growth of LAB. For in vivo evaluations, none of the yerba mate
treatments significantly reduced SE colonization, while the probiotic treatment significantly
reduced Salmonella colonization in the horizontal transmission experiment. Yerba mate
decreased chicken body weight and decreased the performance of the probiotic treatment
when used in combination. In conclusion, yerba mate had antimicrobial activity against
foodborne pathogens and enhanced the growth of LAB in vitro, but in vivo yerba mate did
not decrease SE colonization.
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Introduction
Yerba mate is an herbal tea beverage made with dried leaves of Ilex paraguariensis. It is
widely consumed in South America and gaining popularity worldwide because of its
beneficial effects. Green mate leaves are blanched, dried, milled and aged before
commercialization, and later consumed as infusion in hot water (Heck and de Mejia, 2007).
Extensive analysis has been done to determine total phenol content, antioxidant activity and
essential oil composition (Bastos et al., 2006).
Yerba mate contains a wide variety of polyphenols, xanthines, caffeoyl derivatives,
saponins, and minerals (Anesini et al., 2006; Bastos et al., 2006; Heck and de Mejia, 2007).
It

has

several

beneficial

pharmacologic

effects

on

human

health,

including

hypocholesteroliemic, hepatoprotective, central nervous system stimulant, diuretic capacity
(Heck and de Mejia, 2007) and antifungal properties (Filip et al., 2009). Yerba mate has a
high polyphenol content which acts as an antioxidant and chemoprotective agent to
eliminate hydrogen peroxidase (Anesini et al., 2006). Popular medicine recommends the
use of yerba mate for arthritis, headache, constipation, fatigue and hypertension (Bastos et
al. 2006). Antimicrobial activity of yerba mate extracts against Escherichia coli O157:H7
and Staphylococcus aureus has been reported in vitro (Burris et al. 2011). Yerba mate has
been used as a food additive in chicken meat to improve lipid stability (Racanicci et al.,
2011).
The use of feed additives, including prebiotics, and probiotics in poultry have been
investigated as means to improve gut health, decrease Salmonella Enteritidis (SE)
colonization and increase the overall health of the flock (Donalson et al., 2008a,b). Given
the effectiveness of yerba mate extracts against other foodborne pathogens, the aim of this
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study was to assess, in vitro, the biocidal activity of lyophilized yerba mate extracts on SE
and lactic acid bacteria (LAB) and, in vivo, assess the application of yerba mate as a feed
additive treatment and compare it with a probiotic treatment with known efficacy as a
method to decrease horizontal transmission and SE colonization.
Materials and Methods

Bacterial Cultures and Preparation

Salmonella Enteritidis 13A (13A), Lactobacillus acidophilus and Pediococcus (LP) were
obtained from Center of Excellence for Poultry Science, University of Arkansas,
Fayetteville, Arkansas. Salmonella Typhimurium DT104 (ST) and Salmonella Senftenburg
(SS) were obtained from the culture collection at the Department of Food Science and
Technology at the University of Tennessee, Knoxville. For the in vitro evaluation, 13A, ST
and SS were cultured in Tryptic Soy Agar (TSA; BD Difco, Sparks, MD) and LP were
cultured in Lactobacilli MRS agar (BD Difco, Sparks, MD), incubated for 24 h at 37 °C
and diluted to 104-105 CFU/mL for the antimicrobial activity experiment. For the in vivo
evaluation, 13A was cultured following Higgins et al. (2011) and LP was cultured in
Lactobacilli MRS broth (BD Difco, Sparks, MD) for 24 h at 37°C and diluted to 107-106
CFU/mL. A mix of LP at a ratio of 9:1 respectively, was made and used for both in vitro
and in vivo evaluations.

Yerba Mate Extraction for In Vitro Evaluation

Dried leaves of yerba mate brand Taragui (100% leaves, Taragui, Argentina) were
purchased from a local international supermarket. Leaves were finely ground with a
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blender. For yerba mate extractions, tea bags with 5 g of tea were made with miracloth
(EMB Bioscience, San Diego, CA), placed in a plastic container and sterile deionized water
was added at a ratio of 3.75 mL to 1g of ground tea. Suspensions were allowed to stand at
4°C for 24 h with occasional stirring. After 24 h, tea bags were removed from the container
and extracts were centrifuged at 8000 x g for 10 min to remove sediments. The extracts
were filter-sterilized with a 0.20-µm Fast PES Filter Unit (Nalgene, Rochester, NY) and
frozen at -20 °C. Frozen extracts were lyophilized using the VirTis AdVantage Plus
BenchTop freeze dryer (SP Industries, Gardiner, NY). Lyophilized yerba mate extracts
were stored at -20 °C until used.

In Vitro Bactericidal Activity of Evaluation of Yerba Mate

Lyophilized yerba mate extracts were rehydrated with sterile deionized water to a final
concentration of 500 mg/mL. To evaluate bactericidal activity of yerba mate, extracts (0100 mg/mL) were mixed with 2 mL of bacterial suspensions harvested at late logarithmic
phase and diluted to approximately 104-105 CFU/mL in phosphate buffered saline (PBS;
FisherBiotech, Fair Lawn, NJ). Bacteria and extracts were placed in the incubator at 37 °C,
at specific time points (0, 2, 4, 6 and 24 h) pH was measured using a pH meter (Denver
Instrument, Bohemia, NY) and 100 µL of suspensions collected, serially diluted in PBS and
plated. All Salmonella suspensions were plated on TSA and LP suspensions on MRS agar,
incubated at 37°C for 24 h, and CFUs were enumerated. All experiments were duplicated
and average values reported.
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In Vivo Evaluations of Yerba Mate as a Feed Additive and Probiotic Treatments

Three trials were conducted for the in vivo evaluations. Experiments 1 and 2 were
preventative experiments and experiment 3 was a horizontal transmission experiment to
assess the application of yerba mate as a feed additive treatment to decrease SE
colonization and horizontal transmission. In all trials, unsexed day-of-hatch broiler chicks
were obtained from a local hatchery (Hubbard Co., Pikeville, TN) and were cared for using
procedures approved by the University of Tennessee Institutional Animal Care and Use
Committee. Chicks were randomly placed in conventional floor pens measuring
approximately 5 ft2 with paper bedding. The temperature was maintained at 35.5°C for the
first 3 days and 26.6°C for the remainder of the experiment. Water and a feed starter
formula were provided ad libitum for the entire experiment (Saleh et al. 1997). For all
trials, at day 10, all birds were euthanized and weighed, ceca were collected and contents
were serially diluted in PBS and plated on Brilliant Green Agar (BGA; BD Difco, Sparks,
MD) containing novobiocin (25 µg/mL) and nalidixic acid (20 µg/mL). All plates were
incubated for 24 h at 37 °C and Salmonella CFUs enumerated and data statistically
analyzed.
For experiments 1 and 2 (preventative experiments), 120 chicks per bird trial were divided
into four groups (n=30), each group was treated with one of the following 1) no treatment
(control), 2) feed additive treatment (ground yerba mate leaves; 0.55% inclusion rate in
feed), 3) probiotic treatment (Lactobacillus acidophilus and Pediococcus; 9:1 administered
once on day of hatch by gavage; 107 CFU) or 4) both yerba mate feed additive-probiotic
treatments. All chicks were challenged at day 3 with 13A (107 CFU). For experiment 3
(horizontal transmission experiment), higher concentrations of yerba mate (1% inclusion
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rate) and lower SE concentrations (106 CFU) at challenge were evaluated. A total of 80
chicks were divided into four groups (n=20), each group was treated with one of the
following 1) no treatment (control), 2) feed additive treatment (ground yerba mate leaves;
1% inclusion rate in feed), 3) probiotic treatment (Lactobacillus acidophilus and
Pediococcus; 9:1 administered once on day of hatch by gavage; 107 CFU) or 4) both yerba
mate as a feed additive and the probiotic treatments. At day 3, 5 chicks (seeders) from each
group were challenged with 13A (106 CFU).

Statistical Analysis

Data were analyzed using the ANOVA procedure of SAS (SAS Institute Inc., 2002). A
probability of P<0.05 was prerequisite for statistical significance. When ANOVA indicated
differences, Tukey tests were conducted to evaluate any differences. All Salmonella data
were transformed to logarithmic scale prior to analysis. Each group within a bird trial was
considered one experimental unit. Data from each bird trial were analyzed separately.
Results
In this research, we found that Salmonella was very sensitive to the yerba mate extracts
(MIC 7.4 mg/mL) while even high concentrations were not inhibitory but in fact enhanced
the growth of the probiotic bacteria (83.33-100 mg/mL; Figure 1). Due to the promising
results of the in vitro experiments, the ability of yerba mate to inhibit Salmonella
colonization and promote probiotic colonization was evaluated in vivo using a broiler chick
model. Two types of experiments were conducted, a horizontal transmission experiment
and preventative experiments. In the preventative experiments, no statistically significant
reductions in Salmonella were achieved in either trial 1 or 2 (Figure 2A). However, a
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numerical reduction in Salmonella (approximately 1 log CFU g-1 cecal content) was
observed in trial 1 for the yerba mate group. In both preventative experiments, body weight
was highest for the probiotic group (Figure 2B).
In the horizontal transmission experiment, the yerba mate treatment (1% inclusion rate) was
not effective at reducing transmission (Table 1). The probiotic treatment was the most
effective at reducing transmission (4/15 positive birds) compared to the control (11/15
positive birds). The probiotic treatment significantly decreased SE concentrations in the
ceca (P<0.05) while the yerba mate-probiotic treatment had higher counts than the probiotic
treatment but less that the control (Figure 2A). The yerba mate treatment reduced body
weight significantly compared to the other treatments (P<0.05; Figure 2B).
Discussion
It is not completely understood which compounds found in yerba mate are responsible for
the antimicrobial activity, or whether they may have synergistic effects (Burris et al. 2011).
Polyphenols found in yerba mate extracts may contribute to the antimicrobial activity, such
as, caffeic and chlorogenic acids which are antimicrobial against Gram-negative bacteria
(Herald and Davidson, 1983), and kaempferol and quercetin which inhibit the growth of S.
aureus (Rauha et al. 2000). Some mechanisms of action are being investigated, including
cell membrane damage, coagulation of cytoplasm and damage of lipids and proteins
(Bakkali et al. 2008). Essential oils (concentrated plant extracts) have hydrophobic
properties, for example carvacrol, an essential oil of oregano, dissolves the phospholipid
bilayer of the cell membranes by pushing apart fatty acid chains of the phospholipids
causing cell death. (Burt, 2004; Dorman and Deans, 2000; Ultee, 2000).
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It is not surprising that yerba mate extracts enhance the growth of LAB in vitro because
similar effects have been reported. Ouwehand et al. (2010) found that essential oils
including eugenol, carvacrol, cinnamaldehyde and thymol stimulate the growth of LAB but
are biostatic or biocidal to pathogenic bacteria. What is more interesting is that LP may be
using compounds present in the yerba mate extracts as a nutrient source (Figure 1F). The
reason why plant extracts and essential oils inhibit some bacteria while enhance the growth
of others, is not very clear. Some studies agree that Gram-negative organisms are less
susceptible to the action of biocidals, while Burt (2004) found no evidence for a difference
in sensitivity. Ouattara et al. (1997) concluded that the variability of resistance depends on
bacterial species.
In this work, we utilized a probiotic with known efficacy against SE colonization (Higgins
et al. 2011; Vicente et al., 2007) against which to compare any yerba mate efficacy. Our
evaluations showed that the probiotic treatment consistently improved body weight,
however, decrease in SE colonization was not observed in the preventative experiments.
This may be due to a very high challenge concentration (107 CFU) being used, which was
chosen to ensure colonization while also ensuring a measurable reduction in colonization
counts. Conversely, in the horizontal transmission experiment, the probiotic treatment
resulted in significantly lower SE cecal concentrations and a significant reduction in
horizontal transmission. Higgins et al. (2007) and Menconi et al. (2011) documented that
LAB isolates were very effective at reducing SE when administrated therapeutically 1h
after SE challenge while in our experiments, a prophylactic LP treatment three days before
SE challenge were administrated to the chicks.
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Yerba mate extracts were found to be biocidal against SE in vitro, however in vivo
evaluations showed that supplementation of feed with raw yerba mate was not effective at
reducing SE colonization in the ceca. The lack of effectiveness in vitro may have been for
several reasons including: 1) reduced feed intake or change in feed passage rate; 2) an
impact on host metabolic function by anti-nutritional chemicals possibly present in the
plant; 3) form of supplementation of yerba mate used; or 4) impacting beneficial bacterial
populations present in the gastrointestinal tract. In all trials, a reduced body weight was
observed for the groups receiving the yerba mate, which may indicate that feed intake
decreased or feed passage rate changed due to the yerba mate supplementation. Santa Cruz
et al. (2003) reported that yerba mate had negative sensory attributes and consumers
described the flavor as bitter, acidic or toasted. Because the flavor of yerba mate is
somewhat strong, the birds may have refused the feed resulting in a reduced body weight.
A reduced feed intake would also partially explain the lack of efficacy of yerba mate
against SE colonization because it is know that higher feed intake will stimulate the gastric
functions, hydrochloric acid secretion in the proventriculus and grinding process in the
gizzard, resulting in a decrease in pH, making it more difficult for Salmonella to cross the
foregut barrier (Bjerrum et al., 2004; Huang et al., 2006). Kallanoor-Johny et al. (2012)
demonstrated that feed additives including eugenol and trans-cinnamaldehyde are effective
at reducing SE colonization in broiler chickens however Cross et al. (2007) suggested that
the form of supplementation (essential oil or herb) had an impact on bioactivity and
antimicrobial activity. This suggests that the in vitro evaluations were effective because
concentrated yerba mate extracts were used while ineffective in vivo because raw tea was
used. Unfortunately, only raw tea was available for the in vivo evaluations because yerba
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mate essential oil is not available and extracts were not able to be used due to the limited
quantities obtained from the extraction process.
The literature agrees that some feed additive supplementation can be beneficial to the birds,
by providing antimicrobial benefits and body weight gain (Cross et al. 2007; Erdogan et al.,
2010; Hanning et al. 2012). Despite the beneficial effects of feed additive supplementation
other possible effects may occur due to inappropriate inclusion levels. Negative impacts on
body weight gain were observed by Cross et al. 2003 when supplementing 5 g/Kg of thyme
essential oil into the feed. It would be expected that the intake of feed additives affect the
gastrointestinal microflora, but “non-ideal” alteration of the indigenous flora by the feed
additives can be deleterious to the host (Hippenstiel et al. 2011). Feed additives such as
prebiotics can stimulate the production of digestive enzymes, including lipase, amylase or
carbohydrates which may affect nutrient utilization and morphological changes in villus
height and crypt depth can also occur (Applegate et al. 2010). Moreover, the effectiveness
of the feed additives depends on factors such as environmental and vassal diet. If birds are
housed under clean and healthy condition or diets are highly digestible, it is possible that
the feed additives will have no impact on bird health (Hippenstiel et al. 2011).
Ouwehand et al. (2010) suggested designing diets using feed additives such as prebiotics in
combination with probiotic treatments to inhibit the growth of potential pathogens while
promoting the beneficial members of the intestinal microbiota. For this reason, the
prebiotic-probiotic combination could theoretically work synergistically to strengthen
resistance against pathogen colonization. Because yerba mate extracts were antimicrobial
against SE and enhanced the growth of LP in vitro, synergist effects between yerba mate
and LP to decrease SE colonization while stimulating LP growth were hopeful.
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Unfortunately, the combination of treatments did not show any improvement in terms of SE
colonization in the ceca and the combination of treatments actually decreased the beneficial
effects of the probiotic treatment both in terms of weight gain and SE colonization
resistance. This was not surprising given the poor results of the yerba mate treatment alone.
More prebiotic-probiotic treatment combination research is being conducted to investigate
beneficial impacts on bird health and performance. For example, Li et al. (2009) reported
administration of Astragalus polysaccharides and probiotic bacteria together improved
cellular and humoral immunity and also increased lactobacilli and bifidobacteria intestinal
concentrations. Bozkurt et al. (2009) and Falaki et al. (2010) obtained a synergistic effect in
chicken body weight and feed conversion ratio using a prebiotic-probiotic treatment. In
these experiments, treatments were optimized for digestion to convert feed to body mass
more effectively.
Conclusions
Although no reduction in Salmonella was observed with our yerba mate treatment as a feed
additive, other possible effects on bird health are possible and currently being investigated,
including shifts in fatty acid profiles in the ceca and immune system responses. In
conclusion, yerba mate has excellent antioxidant activity (Bastos et al., 2006), is
antimicrobial against some foodborne pathogens (Burris et al. 2011), including Salmonella,
and enhances the growth of beneficial bacteria. Yerba mate could have many applications
for the food industry, but more evaluations need to be conducted to determine its
application in food systems.
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CONCLUSIONS
Salmonella enterica and Campylobacter jejuni cause approximately 2.5 million cases of
foodborne illness each year in the United States. The CDC reports poultry as a common
vehicle to human infection for these two pathogens. The reason is that they easily colonize
the chicken intestine during production and carcass contamination with GI contents during
processing commonly occurs. To reduce the number of infections and outbreaks, preharvest intervention and exclusion strategies including the use of probiotics, prebiotics and
botanicals were proposed. The use of each feed additive should be evaluated because each
botanical could have beneficial or detrimental consequences to the bird depending on its
properties. Future research should evaluate the use of feed additives with synergistic
capacities to increases chicken performance, promote gut health and reduce pathogen
colonization. However, antinutritional factors of polyphenols should be considered before
evaluating new feed additives.
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APPENDIX
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Table 1. Effect of the treatments on horizontal transmission, number of bird colonized
by Salmonella and percentage reduction.
Treatment

SE-

% Reduction

positive/total
Control

11/15 (73%)a1

-

Yerba Mate

14/15 (93%)a

-27

Probiotic
Yerba Mate -Probiotic
1

b

64

a

18

4/15 (27%)

9/15 (60%)

Values with different letters indicate statistically significant differences (P<0.05)
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Figure 1. Effect of yerba mate extracts on the growth of S. Enteritidis 13A, S.
Senftenberg, S. Typhimurium DT104 and Lactobacillus acidophilus and Pediococcus
9:1 in PBS, over time. Different concentrations of yerba mate extracts: 0-100mg/mL.
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Figure 2. In vivo evaluation of prebiotic and probiotic treatments. Effect of the
treatments on (A) Salmonella Enteritidis colonization in ceca samples and (B) chicken
body weights, from 10 day old broiler chicks. For the preventive assays, all chicks
were challenged with 107 CFU of S. Enteritidis 13A at day 3 and a 0.55% inclusion
rate in feed for prebiotic treatments. For the horizontal transmission assay, 5 chicks
(seeders) were challenged with 106 CFU of 13A at day 3 and 1% inclusion rate in feed
for prebiotic treatment. Values with different letter (a,b) differed significantly within
a bird trial (P<0.05)
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Figure 2 continued
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Preparation of Salmonella Culture for Chicken Gavage
1. Obtain Salmonella Enteritidis 13A (SE) aliquot from ultra-low freezer.
2. Obtain 3 tubes with 10ml TSB
a. Label tubes (1,2,3).
b. Add 100µl SE to tube 1.
c. Place all 3 tubes into the incubator (37C).
d. Pass 100µl SE from tube 1 to tube 2 after 8 hours.
e. Pass 100µl SE from tube 2 to tube 3 after 8 hours.
f. After 8 hours remove culture from incubator.
3. Centrifuge culture from tube 3 at 8000 rpm for 5 min @ 4C and use other tube to
balance bucket.
a. Pour off supernatant.
b. Wash culture pellet with PBS.
c. Resuspend to original volume with PBS.
d. Do at least 2 more washes.
4. Resuspend to 5ml with PBS.
5. Measure turbidity with the spectrophotometer at 630 nm.
a. Add culture until the spectrophotometer reads 0.149
b. This will be 108 CFU/ml.
6. Dilute culture with PBS to appropriate concentration for gavage.
7. Place diluted culture on ice until used for gavage.
8. Gavage chick with 0.25ml of 107 CFU culture.
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Protocol for Isolation and Quantification of Salmonella from Ceca
1. Necropsy chicks at selected time point.
a. Usually 10 days for Salmonella.
b. Use alcohol and fire to sterilize tools between birds.
c. Extract both ceca using sterile scissors and forceps and place them inside a
necropsy bag properly labeled.
d. Place necropsy bag in a cooler until processing in the lab.
2. Use sterile scissors and forceps to squeeze ceca content into a tube.
a. Add approximately around 0.2-1 g of ceca into the tube (g ceca added).
3. Add PBS to the tube.
a. ml of PBS to be added = (g ceca added)(9)
b. Vortex
4. Serially dilute sample with PBS
5. Plate serial dilutions in Brilliant Green Agar containing 25 µg/ml of novobiocin and
20 µg/ml nalidixic acid. BGA NO/NA.
a. Plate from 10-2 – 10-6
6. Incubate plates at 37C for 24h.
7. Enumerate Salmonella.
a. Salmonella appears as round pink colony.
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In Vitro Evaluation of Yerba Mate
Yerba mate extraction
1. Ground yerba mate leaves with a blender until a fine powder is obtained.
2. Make a tea bag of ground yerba mate using miracloth.
a. Add 5 g to each bag.
3. Place several tea bags with yerba mate in a sterile plastic container and add sterile
deionized water.
a. Add water at a ratio of 3.75 mL to 1g of ground tea.
b. Let it stand at 4C for 24 h with occasional stirring.
4. Carefully remove used tea bags from container.
a. Squeeze bag to extract all remaining the liquid into the plastic container.
5. Place extract into several plastic tubes and centrifuge.
a. Centrifuge at 8000 rpm for 10 min to remove sediments.
6. Filter sterilize the extract with a 0.20-µm Fast PES Filter Unit.
7. Freeze at -20 °C overnight.
8. Lyophilize frozen extracts using the VirTis AdVantage Plus BenchTop freeze dryer.
9. Store lyophilized yerba mate extracts in a Ziploc bag at -20C until used.
Bacterial preparation
1. Obtain Salmonella and lactic acid bacteria (LAB) cultures from ultra-low freezer.
2. Plate Salmonella on TSA and LAB on MRS agar.
a. Incubate overnight at 37C.
b. Transfer one CFU into fresh plate and incubate 24h at 37C.
3. Mix several CFU with 10 ml of PBS in a plastic tube.
4. Measure turbidity with the spectrophotometer at 630 nm.
a. Add culture until the spectrophotometer reads 0.149
b. This will be 108 CFU/ml.
5. Dilute culture to appropriate concentration.
a. Dilute to 104-105 CFU/mL in PBS
6. Use cultures for the in vitro bactericidal evaluation
In Vitro Bactericidal Evaluation of Yerba Mate
1. Rehydrate lyophilized yerba mate extracts with sterile deionized water.
a. Final concentration 500 mg/ml.
2. Mix 2 mL of bacterial suspensions with desired concentration of yerba mate extract
in a 12 well plate.
3. Incubate samples at 37C.
4. Measure pH
a. Time points: 0, 2, 4, 6, 24h
5. Collect a 100ul of sample and serially dilute it in PBS.
a. Time points: 0, 2, 4, 6, 24h
6. Plate samples and incubate at 37C for 24h
a. Plate Salmonella on TSA and LAB on MRS agar.
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7. Enumerate plates.
8. Duplicate experiment.
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