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SUMMARY

Intestinal health is important for maximizing the health, welfare, and performance of poultry.
Traditionally, due to lack of available technologies, our knowledge of the diversity of microbial
communities within the chicken intestine had been oversimplified. Recent progress in technol-
ogy suitable for microbial community analysis has evolved our understanding. New molecular
technologies allow for a detailed molecular and physiological assessment, including quantifi-
cation of individual microbial species and their metabolites. One area of research has assessed
the microbial shifts that occur in response to supplementation of broiler diets with alternative
products intended to promote broiler intestinal health. As a result of consumer awareness and
the development of antibiotic resistant organisms, there is increasing social pressure for use
of nonantibiotic products to promote broiler health, including: prebiotics, probiotics, organic
acids, essential oils, enzymes, and volatile fatty acids, among others. Molecular technologies
can be utilized to help advance our understanding of the mechanism of action of these alter-
native products by evaluating the changes in the intestinal microbiome and immune function
following supplementation with these novel products. Advancing the selection of these prod-
ucts for practical application in the broiler industry is necessary to promote broiler chicken
intestinal health, minimize public health risks, and maximize broiler production in the absence
of antibiotics.
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DIAGNOSTIC TOOLS

Until recently, knowledge of the intestinal mi-
crobial community (MC) of poultry had been
limited to information obtainable from culture-
dependant techniques, which are prone to se-
lectivity bias due to the nature of the isolation

1Corresponding author: jon.schaeffer@zoetis.com

media used [1]. In addition, culture-dependant
techniques are limited to the detection of read-
ily cultivated bacteria, numbers of which remain
low due to lack of knowledge of nutritional re-
quirements and stress imposed on bacteria by
these techniques [2–4]. It has been estimated
that 99% of microbial species cannot currently
be cultured under laboratory conditions [5].
These limitations have been overcome through
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development of sophisticated nonculture-
dependent, molecular technology suitable for
MC analysis [6]. These new technologies also
aid in differential diagnosis of emerging en-
teric health issues of poultry flocks. Studies
using these technologies are based on the di-
rect extraction of bacterial DNA from intesti-
nal samples and subsequent sequencing of the
taxonomically relevant genes. Using this ex-
traction method, researchers have differenti-
ated many more bacteria in the chicken gas-
trointestinal tract than had been previously
identified through culture-dependant methods
[6]. These new technologies include: PCR
assays, denaturing gradient gel electrophore-
sis (DGGE), temperature gradient gel elec-
trophoresis, terminal-restriction fragment length
polymorphism, microarrays, next-generation se-
quencing, ultra pressure liquid chromatography,
mass spectrometry, metagenomic sequencing,
meta-metabolomics, and FLX-titanium ampli-
con pyrosequencing [7–10].

These techniques are briefly described herein,
but specific details can be found elsewhere [7–
10]. The basis for the PCR technique, devel-
oped in 1983, is the amplification of DNA seg-
ments. Since its development, PCR has been
widely used for sequencing, identification of
functional genes, and the detection of specific
organisms. DGGE and temperature gradient gel
electrophoresis are both genetic fingerprinting
techniques based on the amplification of the 16S
rDNA segments of DNA, followed by separation
of the DNA molecules based on guanine and cy-
tosine content to create a banding pattern that
is indicative of the diversity of microbial pop-
ulations [3]. The two techniques differ in that
temperature gradient gel electrophoresis relies
on temperature dependent changes in structure
for separation, whereas DGGE relies on a chem-
ical gradient. DGGE and other molecular fin-
gerprinting methods identify microbes based on
differences in sequence integrity or length be-
tween microbial taxa to create molecular band-
ing patterns which characterize a community.
Unfortunately, overlaps and similarities in se-
quence integrity or lengths exist between mem-
bers of microbial taxa [5]. Techniques which rely
on the differentiation of 16S rDNA and molec-
ular cloning are accurate, as these sequence pat-
terns change slowly and are rarely transferred

between microbial species [5]. Although DGGE
technology has proven useful for assessing shifts
in MC diversity, they fail to provide informa-
tion related to microbial function [13]. Terminal-
restriction fragment length polymorphism is an-
other molecular technique which can be used to
characterize microbial communities. This high-
throughput, high-resolution microbial analysis
technique involves fingerprinting of DNA frag-
ments (16S ribosomal gene regions); resulting
PCR products are digested with restriction en-
zymes, followed by separation of terminal re-
striction fragments using a DNA sequencer.
Terminal-restriction fragment length polymor-
phism is particularly useful in poultry intesti-
nal microbiome research because of its capacity
to identify operational taxonomic units, partic-
ular bacterial species or taxonomically related
groups of bacteria, which can be identified and
related to bird performance [10]. Ref. [10] has
demonstrated the utility of terminal-restriction
fragment length polymorphism analysis for in-
vestigating the response of intestinal MC pro-
files of broiler chickens to dietary changes. Mi-
croarrays, an additional technology with utility
analyzing the poultry intestinal microbiome, in-
volves simultaneously measuring gene expres-
sion levels, including assessment of which genes
are active and inactive. Microarrays are particu-
larly useful for comparative assessments of gene
expression levels in the chicken host when ex-
posed to different experimental conditions [7].

The advancement of genome sequencing
technology to overcome previous limitations has
lead to the development of next-generation se-
quencing, a high-throughput, high-capacity, and
lower-cost DNA sequencing technology that can
be divided into several categories based on the
sequencing platform used, including 454 py-
rosequencing and Illumina sequencing. Next-
generation sequencing has been useful for pro-
filing MCs, in addition the identification of
functional genes. The use of next-generation
sequencing for metagenomic analyses of the
chicken intestinal microbiome has improved the
understanding of spatial organization, biodiver-
sity, functional traits, and the association of MCs
with intestinal disorders [11]. Metagenomic se-
quencing is a whole community analysis method
which uses high-throughput, nonspecific micro-
bial DNA sequencing to inventory genes and
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allow researchers to compare functional diver-
sity. Recovered gene sequences may be as-
signed to one of various functional categories,
including: carbohydrate metabolism, membrane
transport, and metabolism, among others. For
example, Ref. [12] recently used metagenomic
sequencing and analysis to study the function of
intestinal microbial populations in poultry,
specifically, the functional diversity of the
chicken cecal microbiome. Ref. [13] also inves-
tigated the role of the chicken cecal microbiome
using comparative metagenomic pyrosequenc-
ing; however, no known studies have used this
technology to research nonantimicrobial alter-
natives. Metagenomics can only determine the
potential function, and not actual function being
performed by a MC [5].

To achieve knowledge of actual function,
other whole community analysis techniques
including metaproteomics and metatranscrip-
tomics can be used to monitor what genes are ex-
pressed [5]. In addition, metabolomics, a newly
developed technique which involves the identi-
fication and quantification of all metabolites in
a biological system can be used to study intesti-
nal microbiome. One limitation of this technique
is the inability to incorporate genomic informa-
tion. Nuclear magnetic resonance or mass spec-
trometry are the principle detection techniques
that are utilized to identify and quantify the
metabolome; these techniques represent useful
tools for understanding the relationship between
the genome and metabolome [5, 8]. Mass spec-
trometry can be coupled with chromatography
to analyze complex mixtures extracted from var-
ious matrices. This combined approach has been
used in metabolomics, where it has proven use-
ful for the identification of large molecules [8].
The creation of ultrapressure liquid chromatog-
raphy, which uses high pressure, has improved
the amount of detectable analytes. The advent of
a new technology, FLX-titanium amplicon py-
rosequencing technique, also allows for a rapid,
quantitative assessment of microbial composi-
tion, in addition to taxonomic identification of
members of the bacterial community at a high
level of resolution [9].

The benefit of microbial technologies include
being able to: enhance our understanding of
composition and function of intestinal micro-
biota, identify shifts in MC by rapidly identi-

fying and enumerating the presence of a wide
range of microorganisms, enhance understand-
ing of relationships which exist between hosts
and microbiota [14], and help to advance the
selection of alternative products which promote
intestinal health [15]. Interpretation of MC anal-
yses using these advanced molecular techniques
can be complex as a result of interactions which
may exist between resident microbes, between
microbes and the host, due to the impact diet
composition may have on the MC. Additionally,
due to our ability to only culture some bacteria
and the potential for microbial groups to escape
detection, an underestimation of microbial num-
bers and diversity may result [4, 5, 16].

CONTROL AND TREATMENT
USING ALTERNATIVE PRODUCTS

A growing body of research demonstrates
that the continued use of antibiotics in poultry
production contributes to the selection of resis-
tant organisms [18]. Drug residues and antibi-
otic resistance can have critical consequences
for the environment, food safety, and animal wel-
fare. Increasing consumer interest in these issues
and government regulations concerning prudent
antibiotic-use practices has stimulated research
which seeks acceptable replacements [6]. The
effect of nonantibiotic alternatives on microbial
composition, intestinal architecture, and innate
immune response have been researched. These
products include: probiotics, prebiotics, and syn-
biotics [15, 19], enzymes [4, 19], essential oils
(EO) [20], and volatile fatty acids [21, 22]. These
products are particularly useful in alternative
production systems, including organic farms [8].
Evaluation of changes in intestinal MCs and im-
mune function following treatment with these
novel products is an important aspect of com-
paring the efficacy of alternative products to an-
tibiotics [23]. The efficacy of alternative prod-
ucts in chickens is often assessed using a number
of parameters pertaining to: performance, such
as feed intake, FE, and weight gain; intestinal
integrity, often assessed as a measure of high
villus height and villus height:crypt depth ratio,
evaluation of lesion scores, or count of goblet
cell numbers; assessment of innate immune re-
sponse; and counts of pathogenic organisms.
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Where possible, disease prevention and con-
trol efforts by practitioners and producers should
focus on prevention and control of various en-
teric illnesses in the poultry flock using a combi-
nation of approaches, including: assessment of
management protocols, use of alternative nonan-
tibiotic products, and where necessary, targeted
and prudent antibiotic treatment following vet-
erinary advice on withdrawal times and targeted
use. A flock health program should be devel-
oped and reviewed annually with a veterinar-
ian to ensure incorporation of new research. In
some cases, assessment and implementation of
good husbandry, management, and biosecurity
protocols can help to prevent or control further
disease spread and reduce reliance on antibiotic
use. Management factors which limit introduc-
tion and spread of disease have been summa-
rized by the Canadian Food Inspection Agency
[24]. Feed management adjustments including
use of non-antibiotic feed additives can be uti-
lized to support immune function and strength
[25]. These types of alternative control mea-
sures are discussed in more depth including their
mechanism of action and potential efficacy.

Probiotics

Probiotics, also known as direct-fed micro-
bials, have been extensively researched and re-
viewed [15, 19]. Although the practice of feeding
probiotics as prophylactic agents to improve in-
testinal health is not new, it has received renewed
interest [26]. A probiotic is defined as ‘live or-
ganisms which, when administered in adequate
amounts, confers a health benefit on the host’
[27]. Commonly used probiotics in livestock and
poultry production include: Bacillus, Bifidobac-
terium, Enterococcus, Escherichia, Lactobacil-
lus, Lactococcus, Saccharomyces, and Strepto-
coccus, and mixed, undefined cultures [15, 26,
19]. In addition, yeasts such as Saccharomyces
cerevisiae and fungi such as Aspergillus oryzae
have been used [26]. Although Lactobacillus is
a commonly used probiotic, Johnson [28] sug-
gested that excess abundance of certain Lacto-
bacillus species in the avian intestine may be
responsible for displacement of other bacteria
important for intestinal microbiota development,
thereby resulting in slower bird development.

The mode of action of probiotics has been
reviewed [2, 15, 19] and is related to key
concepts, including: competitive exclusion of
bacterial pathogens, immune modulation, and
possibly by a third concept termed cross feed-
ing, whereby beneficial bacterial that already
exist in the intestine utilize metabolites pro-
duced by probiotics to multiply. For exam-
ple, Ref. [25] demonstrated using quantitative
real-time PCR that a combination of probi-
otics and organic acids altered toll-like receptor-
2 and cytokine profiles, effector molecules
which activate immunity. A review by [15]
highlights other beneficial modes of action
for probiotics, including: regulation of intesti-
nal microbial homeostasis, stabilization of the
gastrointestinal barrier function, expression of
bacteriocins, enzymatic activity inducing ab-
sorption and nutrition, immunomodulatory ef-
fects, and interference with the ability of
pathogens to colonize and infect the mucosa.
To investigate mechanism of action of a probi-
otic containing Lactobacillus acidophilus, Lac-
tobacillus casei, Bifidobacterium bifidum, and
Enterococcus faecium (E. faecium), Ref. [29]
used PCR amplification of broiler intestinal con-
tents to demonstrate that probiotic treatment sig-
nificantly increased the proportion of Lacto-
bacillus species in the ileum compared with the
control group. In addition, mucin mRNA analy-
sis was carried out using real-time PCR, reveal-
ing that probiotic treatment altered the processes
of mucin biosynthesis, a modification which
may influence intestinal function and health, in-
cluding nutrient uptake.

Evaluation of the efficacy of alternative com-
pared to antibiotics products has been cited as
important. Ref. [30] demonstrated that birds re-
ceiving a probiotic containing two Lactobacil-
lus strains in addition to a single Bifidobac-
terium, Enterococcus, and Pediococcus strain
had a FCR that did not differ significantly from
birds receiving an antibiotic, avilamycin. In ad-
dition, birds receiving probiotic in feed, and feed
and water, had concentrations of bacteria be-
longing to Bifidobacterium spp., Lactobacillus
spp., and Gram-positive cocci which were sig-
nificantly higher (P < 0.05) compared to con-
trol and antibiotic treatments, as determined by a
bacterial culture and enumeration method, indi-
cating altered microbial composition. Ref. [31]
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assessed the efficacy of 2 probiotics, E. fae-
cium and Clostridium butyricum (C. butyricum),
on growth performance, lipid metabolism, and
caecal microbiota. Broilers supplemented with
C. butyricum had improved ADFI and weight
gain (P < 0.05), and higher breast and thigh
intramuscular fat content at 42 d age (P <

0.05). The only difference found in predomi-
nant bacterial populations using real-time PCR
quantification of DNA from caecal content was
that birds in the C. butyricum-supplemented
groups had lower (P = 0.030) relative abun-
dance of Bacteroidetes at 21 d age. Growth per-
formance and fat deposition were not affected
by E. faecium supplementation. Ref. [32] re-
ported that birds which were administered direct-
fed microbials in starter ration had longer vil-
lus length and perimeter in jejunum compared
with control birds. Direct-fed microbials also
increased intestinal muscle thickness by 33%
vs. controls. Ref. [33] demonstrated in vivo that
probiotic treatment significantly reduced caecal
colonization of the pathogenic organism Campy-
lobacter jejuni using a culture-dependant tech-
nique. Ref. [34], using a nonspecific microbial
analysis technique, also reported that the sup-
plementation of broiler diet with the direct-fed
microbials Bacillus subtilis increased intestinal
health in birds challenged with Campylobacter
perfringens (C. perfringens) by significantly de-
creasing C. perfringens counts, and increasing
both villi length and villi length:crypt depth ra-
tio (P < 0.05). On the contrary, Ref. [35] used
terminal-restriction fragment length polymor-
phism to characterize the intestinal MC of broiler
chickens challenged using a necrotic enteritis
model and contrast the profiles between birds
subjected to one of several treatment groups,
including: supplementation with antimicrobials
zinc bacitracin or monensin, an organic acid, pro-
biotic Lactobacillus johnsonii, probiotic sham
(phosphate-buffered saline), and challenged
or unchallenged controls. Administration of
Lactobacillus johnsonii tended to improve in-
testinal lesion scores and feed conversion; treat-
ment with an organic acid decreased clostridial
load and led to an improvement in feed con-
versation. However, the administration of nei-
ther probiotics nor organic acid was found to
be associated with improved growth or reduced
mortality.

Prebiotics

Prebiotics are defined as nondigestible food
ingredients that beneficially affect the host by se-
lectively stimulating the growth and activity of
bacteria in the colon [15]. A prebiotic must meet
3 criteria: not be hydrolyzed or absorbed in the
stomach or small intestine, must select for bene-
ficial commensal bacteria in the large intestine,
and fermentation of the substrate should induce
beneficial effects within the host [15]. Prebiotics
have the advantage over probiotics that bacteria
stimulated from their use are those which are nat-
urally present in the intestinal environment [19].
Prebiotics have a short history of use in broiler
chickens [19]. The predominant prebiotics used
in poultry are fructo-oligosaccharides (FOS),
mannan-oligosaccharide (MOS), oligofructose,
and inulin [19]. Others investigated include
gluco-oligosacchardies, stachyose, and oligochi-
tosan [19].

Prebiotics have been shown to elicit benefi-
cial effects on intestinal health including modu-
lation of microbiota by promoting selective in-
creases in beneficial bacteria in coordination
with decreases in undesirable bacteria [8]. Us-
ing DGGE analysis of universal 16S rDNA af-
ter amplification with PCR and short-chain fatty
acid profile, Ref. [3] determined that inulin al-
tered the caecal microbial metabolic activity
without having a major impact on the compo-
sition of intestinal bacterial communities. Few
studies have investigated the immune mecha-
nisms behind prebiotics. Ref. [23] demonstrated
that prebiotic supplementation with MOS and
FOS had immunomodulatory effects on gut as-
sociated lymphoid tissue, similar to those in an
antibiotic-treated group, without having a nega-
tive effect on production. Supplementation with
MOS may improve performance by enhancing
the microbial profile by acting as a substrate and
energy source for Lactobacillus spp., and as a
competitive binding site to prohibit the attach-
ment of Gram-negative bacteria to the intestinal
wall [22]. In turkey poults, MOS supplementa-
tion accelerates early intestinal development, in-
cluding: increased villi height, surface area, and
goblet cell numbers [36].

The effects of prebiotics on broiler host in-
testinal health and microbial composition are
variable, and highly dependent on type [19].
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Whether prebiotics are a suitable replacement
for antibiotics has also been contradictory. The
modulation of intestinal microbial composition
by prebiotics to one which is dominated by ben-
eficial bacterial species, such as Bifidobacteria
and/or Lactobacilli, has been demonstrated in
literature. Ref. [37] assessed changes in intesti-
nal microbiota following supplementation with
FOS and MOS using quantitative real-time PCR.
Prebiotic supplementation significantly (P <

0.05) changed the small intestine microbial pro-
file of broiler chickens, specifically, diets con-
taining 0.25% FOS and 0.05% MOS led to an
increase in the lactobacillus community diver-
sity in the ileum. Ref. [38] reported that MOS
conferred intestinal health benefits to chickens
by improving morphological development and
microbial ecology, microbial analysis was per-
formed using culture-dependant techniques. In
contrast to birds fed diets containing the antibi-
otics virginiamycin and bacitracin, those birds
fed diets containing 0.2% or 0.5% MOS con-
sistently had higher (P < 0.05) villi height and
goblet cell numbers in all intestinal locations,
in addition to significantly higher Bifidobacte-
ria concentrations. Interestingly, compared with
controls, birds fed virginiamycin, bacitracin, and
0.2% MOS also had lower numbers of Campy-
lobacter spp. in the caecum. These changes
were reported to show no clinical significance
as demonstrated by performance characteristics
which did not differ between treatment groups.
Other positive effects which have been reported
as a result of supplementation with a combina-
tion of MOS and β-glucans have included: miti-
gating stress response caused by an Escherichia
coli challenge and transport in turkey poults [21],
quicker recovery of feed consumption and egg
mass and numbers following disease challenge
in laying hens [22], and higher FCR and New-
castle disease titers in broiler chickens demon-
strating a potential immune stimulatory effect of
β-glucans [39], as well as higher BW gains and
productivity [37].

Synbiotics

Synbiotics are defined as a mixture of
probiotics and prebiotics that beneficially af-
fect the host by improving the survival and
implantation of live microbial dietary sup-

plements in the gastrointestinal tract [15,
19]. Fructo-oligosaccharides and bifidobacte-
ria, and lactitol and lactobacilli are examples of
synbiotics [19].

The mode of action of synbiotics is favor-
ing the survival and growth of the probiotic
organism, by providing a substrate available to
the probiotic for fermentation [19]. Limited re-
search on the efficacy of different combinations
has been performed. One known study by Li
et al. [40] found that FOS and Bacillus ad-
ministered in combination to broiler chickens
improved performance measures and decreased
mortality.

Enzymes

Enzymes are catalysts which speed up re-
actions in specific substrates or reactants [4].
Enzymes improve the digestibility of a num-
ber of feed components, including: fiber, phy-
tate, protein, and others [19]. Enzymes used in
animal production have included: phytases, car-
bohydrases, proteases, and lipases, among oth-
ers [4]. Carbohydrase enzyme is composed of
2 dominant enzymes: xylanase and glucanase
[4, 41]. A new generation of enzyme supple-
ments, including multicarbohydrase blends, also
exists [41].

The mechanism of action of enzymes can be
divided into 2 phases. The first phase occurs
in the ileum, where enzymes decrease bacterial
numbers by increasing rate of digestion and lim-
iting the substrate available to the microbiota.
The second phase occurs in the caecum, where
enzymes produce soluble, poorly absorbed sug-
ars that feed beneficial bacteria. These bacteria
produce volatile fatty acids which may be useful
for decreasing Salmonella numbers, and possibly
Campylobacter spp., but also serve as an energy
source for the host [19]. A major function of en-
zymes is to decrease the viscosity of the diet,
allowing an increase in nutrient uptake and im-
proved animal performance, as has been shown
with xylanase [19]. A number of mechanisms
for decreasing diet viscosity have been reviewed
by Ref. [4]. These mechanisms include: hydrol-
ysis of specific chemical bonds in feedstuffs
which are poorly degraded by the host’s own
enzymes; elimination of nutrient-encapsulating
effect of the cell wall of partially broken down
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polysaccharides, therefore increasing the avail-
ability of starches, amino acids and minerals;
breaking down of anti-nutritional factors present
in many feed ingredients, such as phytic acid;
solubilization of insoluble feed for more effi-
cient lower intestinal fermentation and thus im-
proved overall energy utilization; and comple-
mentation of the enzymes. Ref. [41] reported
the enzyme, multicarbohydrase, added to broiler
diets improved growth performance and miti-
gated effects C. perfringens challenge. Ref. [42]
reported that the enzyme xylanase included in a
wheat-based diet tended to alleviate impairment
of the intestinal mucosal barrier in birds chal-
lenged with C. perfringens by decreasing (P =
0.09) intestinal lesion scores in challenge birds
compared to controls and also by significantly
increasing villus height:crypt depth ratio in je-
junum (P < 0.05) and similarly having a ten-
dency to increase this ratio in the ileum (P =
0.087).

Essential Oils

EO are defined as aromatic, oily substances
obtained from plant material and often associ-
ated with herbs and spices, including: oregano,
rosemary, thymol, thyme, garlic, carvacrol, and
cinnamaldehyde [20]. A display of antimicro-
bial, antioxidant, digestive stimulant, antivi-
ral, antitoxigenic, antiparasitic, and insecticidal
properties of essential oils suggest these prod-
ucts may be useful feed additives. EO can also
stimulate the release of digestive enzymes to aid
in effective digestion [18]. A limited number of
studies have demonstrated mixed results con-
cerning the performance of EO [20]. Various
studies have demonstrated no effect on broiler
performance of: oregano, garlic, thymol, cin-
namaldehyde, and pepper. Conversely, by exam-
ining the diversity of predominant cecal bacte-
ria using DGGE of 16S ribosomal RNA gene
PCR amplicons, Ref. [7] demonstrated that in the
presence of a coccidiosis challenge, two types of
EO blends modulated intestinal microbial com-
munities better than birds treated with the antic-
occidial monensin and the antibiotic bacitracin,
by avoiding dramatic shifts in MC postchallenge.
Ref. [43] found significant but variable effects
of 2 EO blends in birds challenged with mixed
Eimeria infection. Birds not vaccinated for coc-

cidian and fed an EO blend had similar feed con-
version ratios to uninfected, unmedicated con-
trols. Ref. [9] used pyrosequencing to evaluate
the effects of coccidiosis challenge on intestinal
microbiota of broilers, and indicated a positive
modulation of microbiota by EO blends. Ref.
[44] also used DGGE to assess intestinal MCs in
broiler chickens for 8 different treatment groups,
including positive (bacitracin) and negative con-
trols, 3 separately administered probiotics, and
an EO blend at varying concentrations. Broilers
fed different probiotic treatments all had simi-
lar MC profiles. However, no treatment group
was found to significantly affect weight gain,
feed intake, or mortality. Ref. [18] determined
that broiler chickens challenged with C. perfrin-
gens and treated with EO or a combination of
sodium butyrate and EO had significantly better
weight gains, higher villus length, improved ra-
tio of villus length:crypt depth, and lower lesions
scores compared to control group, demonstrat-
ing the potential of EO to be used for prevention
of Necrotic Enteritis (NE).

Volatile Fatty Acids

Butyric acid, a volatile fatty acid is well-
known for both its antimicrobial activity and
function in intestinal epithelium development
[45]. Butyric acid demonstrates antimicrobial
activity by freely diffusing across the bacterial
membrane of Gram-negative bacteria, lowering
the pH to result in energy deficiency and os-
molarity issues [45]. Butyric acid is regarded as
one of the most important alternatives to antibi-
otic growth promoters in poultry. Butyric acid
administration has been shown to: lower shed-
ding of Gram-negative bacteria; treat intestinal
bacterial infections, including salmonellosis [46,
47]; improve performance; increase resistance to
NE [47, 48]; and change villus morphology in
chickens [49].

APPLICATION OF ALTERNATIVE
PRODUCTS IN THE INDUSTRY

Antibiotics that are currently effective for
treatment of intestinal health diseases in poul-
try should be reserved for confirmed cases
as part of a prudent approach. However, con-
trol without relying on antibiotics is becoming
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increasingly necessary to preserve the ef-
ficacy of existing antibiotics. Prophylactic
use of alternative products in feed to pro-
mote intestinal health is important for sus-
taining the future of broiler production. Al-
though the efficacy of these alternative prod-
ucts has been contradictory, these treat-
ments generally have demonstrated effects
which produce financial benefits to produc-
ers. These effects include: improved feed con-
version, early development of innate immunity,
stimulation of immune response, increased vital-
ity, and decreased mortality [50]. Discrepancies
in results between studies demonstrating how
well alternative products work may reflect the
fact that environmental management becomes
increasingly critical when antibiotics and antic-
occidials are not used. Alternative products also
promote improved animal welfare and the elim-
ination of food safety hazards. The inclusion of
alternative products in poultry feed may be eco-
nomically justifiable because they lead to a po-
tential reduction in production costs, although
the extent of the economic benefit is highly de-
pendent on the cost of the antibiotic being re-
placed. Lastly, the cost of disease is much higher
than the cost of preventing disease through the
use of alternative products.

CONCLUSIONS AND
APPLICATIONS

1. A significant barrier to studying the intesti-
nal microbiome and performing differential
diagnosis of enteric disease has been the in-
ability to effectively identify and quantify
microbial species, their metabolic end prod-
ucts, and the mechanisms by which they af-
fect host health.

2. Recently developed molecular technolo-
gies provide further understanding and dif-
ferential diagnosis of emerging microbial
ecology issues in poultry. These technolo-
gies have revealed a far more complex
chicken intestinal microbiome than once
thought.

3. The development of antibiotic resistance has
heightened the need for alternative products,
including: enzymes, probiotics, prebiotics,
EO, volatile fatty acids, and so on which

promote intestinal health in broiler chick-
ens.

4. Molecular technologies have been valuable
in advancing the selection of alternative
products. Studies have demonstrated some
utility of these products at replacing antibi-
otics.

5. Additional research using modern microbial
analysis techniques is needed to assist in the
further development of alternative products
to better promote broiler chicken intestinal
health, minimize public health risks, and
maximize broiler production in the absence
of antibiotics.
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