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TX, USA

The fields of immunology, microbiology, and nutrition converge in an astonishing way. Dietary ingredients have

a profound effect on the composition of the gut microflora, which in turn regulates the physiology of metazoans.

As such, nutritional components of the diet are of critical importance not only for meeting the nutrient

requirements of the host, but also for the microbiome. During their coevolution, bacterial microbiota has

established multiple mechanisms to influence the eukaryotic host, generally in a beneficial fashion. The

microbiome encrypts a variety of metabolic functions that complements the physiology of their hosts. Over a

century ago Eli Metchnikoff proposed the revolutionary idea to consume viable bacteria to promote health by

modulating the intestinal microflora. The idea is more applicable now than ever, since bacterial antimicrobial

resistance has become a serious worldwide problem both in medical and agricultural fields. The impending ban

of antibiotics in animal feed due to the current concern over the spread of antibiotic resistance genes makes a

compelling case for the development of alternative prophylactics. Nutritional approaches to counteract the

debilitating effects of stress and infection may provide producers with useful alternatives to antibiotics.

Improving the disease resistance of animals grown without antibiotics will benefit the animals’ health, welfare,

and production efficiency, and is also a key strategy in the effort to improve the microbiological safe status of

animal-derived food products (e.g. by poultry, rabbits, ruminants, or pigs). This review presents some of the

alternatives currently used in food-producing animals to influence their health in relation to human health.
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T
he gut is colonized with different types of micro-

organisms which have dynamic and diverse sym-

biotic relationships. The gut microbiome serves

multiple functions including the conversion of several

nutrients that the host cannot digest to end products, a

process which has a direct impact on digestive physiology

and immunology. Although age, diet, environment, and

ethnicity of the subjects have crucial impacts on the

microbial gut composition, the improvement of high-

throughput technologies has made it possible to better

understand the contribution of microbiota to the human

health status (1).

The concept of prebiotics is relatively new; it was

developed in response to the notion that non-digestible

food ingredients (e.g. non-digestible oligosaccharides) are

selectively fermented by one or more bacteria known to

have positive effects on gut physiology. Bacteria fed with

a preferential food substrate have a proliferative advan-

tage over other bacteria (2). Some prebiotics have shown

to selectively stimulate the growth of endogenous lactic

acid bacteria (LAB) and Bifidobacteria in the gut to

improve the health of the host (3, 4). Nevertheless,

probiotics can only be effective if the requirements for

their growth are present in the gastrointestinal tract

(GIT). Probiotic numbers have been enhanced by pre-

biotics that selectively stimulate the growth and activity

of one or a limited number of bacterial species already

resident in the large intestine and, thus, improve host

health (5�7). In this way, prebiotics selectively modify the

colonic microflora and can potentially influence gut

metabolism (4). However, the bacterial nutrient package

will not be advantageous without the presence of the

�

Microbial Ecology in Health & Disease 2015. # 2015 Guillermo Téllez et al. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-Noncommercial 3.0 Unported License (http://creativecommons.org/licenses/by-nc/3.0/), permitting all non-commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited.

1

Citation: Microbial Ecology in Health & Disease 2015, 26: 25876 - http://dx.doi.org/10.3402/mehd.v26.25876
(page number not for citation purpose)

http://www.microbecolhealthdis.net/index.php/mehd/pages/view/clusters
http://www.microbecolhealthdis.net/index.php/mehd/pages/view/clusters
http://www.microbecolhealthdis.net/index.php/mehd/article/view/25876
http://dx.doi.org/10.3402/mehd.v26.25876


specific beneficial bacteria that use it, and similarly the

live microbial product will not succeed if the environment

into which it is introduced is unfavorable (6). The concept

of symbiotic has been proposed recently to characterize

foods with both prebiotic and probiotic properties as

health-enhancing functional foods.

Probiotics and prebiotics to improve animal
health, productivity, and food safety
The capacity to ferment complex polysaccharides to short-

chain fatty acids (SCFAs) by intestinal microflora has a

profound effect on energy homeostasis, providing as much

as �70% of energy in ruminants and 20�30% for several

monogastric animals (8). In exchange, their hosts have organs

that enable microbial fermentation of non-digestible

food stuff (9), revealing a symbiotic evolution over time,

as indicated by concurrent phylogenetic trees (10�14).

Although the mechanisms by which the intestinal micro-

flora assert these effects on the GIT remain essentially

unknown, research in this area is focusing on elucidating

these mechanisms as well as manipulating the bacteria and

the gastrointestinal environment toward achieving optimal

health through probiotics and prebiotics (15�18). Probio-

sis, although not a new concept, has only recently begun to

receive an increasing level of scientific interest. In agricul-

ture, probiotics and direct-fed microbials (DFMs) used in

animal feed are becoming accepted as potential alterna-

tives to antibiotics for use as growth promoters, and in

selected cases, for control of specific enteric pathogens

(19�24). A probiotic is defined as a live microbial food

supplement which benefits the host by improving its

intestinal microbial balance (25). The presence of normal

gut microflora may improve the metabolism of the host

animals in various ways, including absorptive capacity,

protein metabolism, energy metabolism, fiber digestion,

and gut maturation (5, 26). Balanced gastrointestinal

microflora and immune-stimulation are major func-

tional effects attributed to the consumption of probiotics

(3, 6, 27). Many probiotic effects are mediated through

immune regulation, particularly through balanced control

of pro-inflammatory and anti-inflammatory cytokines

(28, 29). For example, the treatment with the probiotic

Enterococcus faecium (EF 55), a poultry-derived strain,

resulted in a significantly higher number of lymphocytes in

peripheral blood and a tendency to increase CD3, CD4,

CD8, and IgM positive cells 3 days post-infection with

Salmonella (30). Conversely, several animal and human

studies have provided unequivocal evidence that specific

strains of probiotics are able to stimulate multiple aspects

of innate immunity (31�34) as well as to increase humoral

immunity (27, 35�39). Alternatively, different studies have

showed that the administration of a lactic acid based

probiotic 2 hours after Salmonella challenge, had no effect

during the first 12 hours on increasing cecal colonization

by this pathogen, although marked and rapid decreases

were observed between 12 and 24 hours post-challenge

(40). Later, using the same challenge model and microarray

analysis of gut mRNA expression, gene expression differ-

ences were found in birds treated with probiotic compared

to saline treated birds, especially those associated with the

NFkB complex and apoptosis, suggesting that increased

apoptosis may be a mechanism by which this probiotic

reduces Salmonella infection (41). In addition, Toll-like

receptors (TLRs) represent evolutionary conserved patho-

gen recognition receptors which are necessary components

in the protection against invading microorganisms (42).

Certain probiotic strains may modulate TLR expression as

a mechanism of their protective effect against pathogens.

Probiotics and DFMs for monogastrics
During the last 15 years, our laboratories have worked

toward the identification of probiotic candidates for use

in poultry as a defined LAB-based probiotic culture

(FloraMax† B11). This has demonstrated an acceler-

ated development of normal microflora in chickens and

turkeys, providing increased resistance to Salmonella spp.

infections (24, 33, 40, 43�47). Published experimental and

commercial studies have shown that these selected pro-

biotic organisms are able to reduce idiopathic diarrhea

in commercial turkey brooding houses (48). Large-scale

commercial trials indicated that appropriate administra-

tion of this probiotic mixture to turkeys and chickens

increased performance and reduced costs of production

(45, 49). Lactobacillus salivarius and Pediococcus parvulus

of poultry gastrointestinal origin present in FloraMax†

B11 have been identified by 16S rRNA sequence analyses

(50). Tolerance and resistance to acidic pH, high osmotic

concentration of NaCl, and bile salts of these isolates may

have contributed to the efficacy of these isolates to survive

and provide beneficial effects. Both strains also have

in vitro antibacterial activity against Salmonella enterica

serovar Enteritidis, Escherichia coli (O157:H7), and

Campylobacter jejuni (50). In addition, previous research

from our laboratory indicates very rapid induction of

specific host-gene expression pathways, which are associ-

ated with reductions in enteric colonization with Salmonella

(41). The aforementioned characteristics, may contribute

to the efficacy previously reported in laboratory and

field conditions (24). While many mechanisms of action

have been proposed for the observed efficacy, precise

modalities have not been completely described for this

highly effective culture.

In spite of the success shown by the development of

the LAB probiotic for use in commercial poultry (above),

there is still an urgent need for commercial probiotics that

are shelf-stable, cost-effective, and feed-stable (tolerance

to the heat pelletization process) to increase compliance

and widespread utilization. Among the large number of

probiotic products in use today some are bacterial spore

formers, mostly of the genus Bacillus. Used primarily in
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their spore form, some (though not all) have been

shown to prevent selected gastrointestinal disorders and

the diversity of species used and their applications are

astonishing. While not all Bacillus spores are highly heat

tolerant, some specific isolates are the toughest life form

known on earth (51) and can be used under extreme

heat conditions. Several studies have shown that either

live vegetative cells or endospores of some isolates can

prevent colon carcinogenesis (52) or discharge antimi-

crobial substances against Gram-positive bacteria, such

as Staphylococcus aureus, E. faecium, and Clostridium

difficile (53). These results provide evidence of coloniza-

tion and antimicrobial activity of probiotic bacteria, thus,

products containing Bacillus spores are used commer-

cially as probiotics, and they offer potential advantages

over the more common LAB products since they can be

used as direct feed microbials. DFMs are widely fed

in production animals and are typically composed of

alive or dead yeast, fungal or bacterial cultures or also

end products of fermentation (54�62). There is scientific

evidence suggesting that some, but not all, isolates of

ingested B. subtilis spores can, in fact, germinate in the

small intestine (63�66). Together, these studies not only

show that spores are not transient passengers in the gut,

but that they have an intimate interaction with the

host cells or microflora that can enhance their poten-

tial probiotic effect. Several commercial spore-forming

Bacillus cultures have been shown to reduce food-borne

pathogens (67). However, cost issues associated with

achieving necessary concentrations of spores in feed

have greatly limited commercial acceptance in the animal

industry (57).

At the present time, our laboratory’s aim is to develop

a novel, cost-effective, feed-stable probiotic with wide-

spread utilization, simple delivery, and clinical efficacy

for human and animal use. We have demonstrated that

one Bacillus subtilis spores isolate is as effective as our

LAB-based probiotic (FloraMaxTM) for Salmonella reduc-

tion (68, 69), and equal to bacitracin (an antibiotic) for

the prevention of necrotic enteritis in experimental and

commercial field trials.

Other isolates or combinations of isolates with in-

creased potency and efficacy may be identified with con-

tinued research. Some of these environmental Bacillus

isolates have been evaluated in vitro for antimicrobial

activity against selected bacterial pathogens, heat stability,

and the ability to grow to high numbers. Our preliminary

data suggests that these isolates could be an effective

alternative to antibiotic growth promoters for commercial

poultry. Importantly, improved efficiency of amplification

and sporulation is absolutely essential to gain widespread

industry acceptance of a feed-based probiotic for ante

mortem food-borne pathogen intervention. Recently, both

vegetative growth and sporulation rate have been opti-

mized in our laboratory, which may lead to new efficiencies

for commercial amplification and manufacture of a cost-

effective product at very high spore counts (68). In order

to select even more effective isolates, we are currently

focused on the mechanistic action of new Bacillus candi-

dates. Preliminary studies conducted in our laboratory

indicate a potential mechanistic action of these new

Bacillus candidates at least partially involves the rapid

activation of innate host immune mechanisms in chickens

and turkeys (unpublished data). This data provides an

exciting possibility for the identification of vastly superior

and more potent probiotics in the near future.

Ruminant gastrointestinal fermentation and
niches
The ruminant animal was noted for being ‘different’

than monogastric animals since ancient times, Leviticus

(11, pp. 3�4) states ‘Whatsoever parteth the hoof, and is

cloven-footed, and cheweth the cud, among the beasts,

that shall ye eat’. Ruminants, such as cattle, exist in a

unique symbiotic relationship with a pre-gastric micro-

bial consortium of bacteria, protozoa, archaea, viruses,

and fungi that ferment relatively low-quality feedstuffs

and in turn supply the ruminant with nutrients to pro-

duce high-quality meat, milk, and fiber (70). The intes-

tinal tract of ruminants is different from monogastrics

because it contains a large (up to 100 liters) anaerobic

fermentation chamber, the reticulo-rumen, located prior

to feedstuff entry into the gastric stomach, the abomasum

(Figs. 1 and 2). The mutualistic nature of the ruminant

animal and the resident microbial population is critical

to the success of ruminant animals in a variety of envi-

ronmental niches around the world.

The mutualism of the ruminant is dependent upon

the pre-gastric ruminal fermentation which converts

feedstuffs to SCFAs, and microbial cells (microbial crude

protein), which are washed out of the rumen and are

degraded by the host gastric stomach and absorbed by

the intestinal tract (71). The primary SCFAs of interest

in the ruminant are acetate, propionate, and butyrate,

which when absorbed by the host, can provide up to 80%

of the animals energy requirement (71). Although acetate

is the primary SCFA produced in the ruminal fermenta-

tion, propionate is glucogenic and is more desirable in

animals growing rapidly (e.g. beef cattle). The acetate:

propionate ratio, an indicator of the energetic efficiency

of the fermentation to the host animal, can be altered

by simply increasing the amount of cereal grain in the

ration. Grain feeding decreases the acetate:propionate

ratio, meaning more energy is available to the host for

growth. Further benefits to ruminants of this mutualistic

relationship include the fact that B-complex vitamins

are produced by the ruminal and gastrointestinal micro-

biome which eliminates the need for dietary B-vitamin

supplementation.
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Ruminant diets are comprised of many variable feed-

stuffs that contain complex carbohydrates (e.g. cellulose,

hemicellulose, and lignin); therefore, many nutrient niches

are available throughout the GIT (72). Thus, as dietary

components change, the nutrient niches and bacterial

species occupying them also change. Also, bacterial pop-

ulations can be impacted by end products of the fermen-

tation. For example, the primary driver of the shift in

ruminal propionate proportions by cereal grain feeding

is starch. Ruminal starch is fermented by Streptococci

and Lactococci to produce SCFAs and lactic acid which

results in a lowering of ruminal pH (73). As a result of

this increase in lactic acid concentrations, populations

of the lactate-utilizing ruminal bacteria Megasphaera

elsdenii and Selenomonas ruminantium increase due to

their ability to secondarily ferment lactic acid to form

propionate (70).

In addition to the high-quality protein from bacterial

cells (microbial crude protein), some feedstuffs are not

degraded in the rumen and pass through the abomasum

(often called ‘Undegraded Intake’ or ‘Rumen Escape’)

and are degraded and absorbed in the small and large

intestines. An additional microbial consortium occupies

the cecum and colon of cattle that is distinct from the

Fig. 2. View from right of digestive tract of a cow: (a) mouth, (b) esophagus, (c) rumen, (d) reticulum, (e) omasum, (f) abomasum, (g)

duodenum, (h) liver, (i) gallbladder, (j) pancreas, (k) small intestine, (l) large intestine, (m) ceca, (n) rectum.

Fig. 1. Digestive tract of a hen: (a) beak and mouth, (b) esophagus, (c) crop, (d) proventriculus, (e) gizzard, (f) duodenal loop, (g)

pancreas, (h) liver, (i) gallbladder, (j) jejunum, (k) ileum, (l) ceca, (m) rectum, (n) cloaca, (o) vent.
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ruminal population (74). This microbial population

performs a secondary fermentation in the lower gut

that captures more dietary energy that bypasses ruminal

fermentation. For instance, starch that reaches the hind-

gut is fermented, which causes higher fecal SCFA and

lactate concentrations and a lower pH than that found

in forage-based diets. As in humans, the fecal populations

of cattle changes in response to diet (75).

Bacterial diversity of the ruminant GIT
The advent of next generation sequencing has produced

a bloom of information available about the composition

of the resident gastrointestinal microbiome under different

conditions; and metagenomics, proteomics, and KEGG

analyses (Kyoto Encyclopedia of Genes and Genomes)

have led to an unprecedented understanding of the

metabolic actions of and interactions between ruminal

microorganisms and their host. However, our methods

for understanding the biology and ecology of these

consortia are still limiting. Approaching the ruminal and

gastrointestinal population from a functional perspective

by examining ‘guilds’ of bacteria occupying the same or

related niches in a given environment offers promise for

understanding the macro-biological impacts of the micro-

bial population. A more subtle level of interaction within

the microbiome also includes ‘crosstalk’ between members

of the microbial ecosystem and the host, using compounds

that mimic neuropeptides or other host signaling mole-

cules, which has led to the description of the microbiome

as a ‘microbial organ’ (76).

Most of our knowledge based on the microbial ecology

of the rumen and GIT is derived from culture-based

methodologies; however, over the past 5 years, more

than 3,000 known bacterial species have been detected in

cattle rumens and GITs, and estimates of the unidentified

species in the rumen range from 10- to 100-fold higher.

Based on our new insights into the composition of the

ruminal microbiota, the ruminant GIT is dominated by

two major bacterial phyla Firmicutes and Bacteroidetes,

which comprise approximately 80�92% of the intestinal

microbiota in the human and bovine gut (77, 78). The

proportions and diversity of organisms representing this

community are strongly influenced by diet as postulated

in the nutrient-niche theory (72, 75, 78).

As an example of changes in the gastrointestinal

microbiome caused by diet, starch can significantly

alter the population composition of the lower GIT.

Firmicutes populations decreased with increasing fecal

starch concentrations, whereas Bacteroidetes increased

as starch concentration increased (78). Prevotellaceae

and Lachnospiraceae were the dominant members of

Bacteroidetes and Firmicutes, respectively in grain-fed

cattle; however in forage-fed cattle, the Ruminococcaceae

and Bacteroidales became dominant. Grain feeding de-

creased Ruminococcaceae populations but increased

Lachnospiraceae, Clostridiaceae, and Succinivibrionaceae

populations (78). This shift in the ruminal population

could be explained by the hypothesized role Ruminococci

play in degradation of hemicellulose and xylan. Prevotellae

and Bacteroides, on the other hand, utilize hemicellulose

but also degrade starch and pectin rapidly, yet Bacteroides

are more commonly found in cattle feces than Prevotella.

Recent in press research has demonstrated that there

are distinct ruminal microbial populations (or entero-

types) characterized from diets of: high grain, moderate

grain and silage�forage; but that a small proportion of

bacteria are common to all three diets (79). Feeding

wet distiller’s grains to cattle changes the microbial com-

munity structure (most notably Prevotellae) in the feces

(75) which significantly increased E. coli O157:H7 fecal

shedding (80). Interestingly, while pens where cattle are

housed are often covered with fresh feces, recent molecu-

lar studies have indicated that the bacterial communities

of feedlot surfaces (and by extension other animal hous-

ing environments) are distinctive from fecal bacterial

populations (81).

While much of our attention has been focused on the

microbiome members that make up large proportions of

the gastrointestinal population, members of other less

known and/or less populous bacterial phyla have been

isolated from gastrointestinal populations (82, 83). The

Fusobacteria, Actinobacteria, Spirochetes, and Synergistes

among others, have been found in ruminal and gastro-

intestinal samples from cattle but their ‘guild’ role has

been unclear. These and other groups do contain a

wide variety of fermentative capacities (impacting the

metagenome), and may play a role of ‘utility player’ in

this complex microbiome. Furthermore, some of these

species may have a high specific activity, making their

impact greater than their roles would suggest based

on population alone, such as the obligate amino acid-

fermenting/hyperammonia producing bacteria. Several

ruminal Firmicutes (e.g. Clostridium, Enterococcus, Staph-

ylococcus, and Peptostreptococcus) have displayed a

marked ability to ferment peptides and amino acids,

indicating that diets rich in available protein would pro-

vide a competitive advantage for these genera. Collec-

tively, these population shifts illustrate the elasticity of the

ruminant microbiome response to environmental (dietary)

shifts.

Other members of the ruminal microbiome
While bacteria are the best understood members of the

microbial consortium, protozoa (Eucarya) comprise as

much as 50% of the biomass of the rumen, yet relatively

little is known of the types of protozoa found in the

rumen. Their role in starch sequestration and conver-

sion of bacterial protein to high-quality protein has

been noted but knowledge about the diversity of these

important ruminal components has largely been limited
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to microscopy (84). Furthermore, while it has been long

known that members of Kingdom Archaea, most notably

methanogens, inhabit the rumen, only with the advent

of molecular techniques have details of the Euryarchaeota

population composition been reported (85, 86). While

microscopy studies have previously demonstrated that

protozoa and methanogens exist in symbiosis, this

relationship can now be quantified and specific relation-

ships between members of these understudied kingdoms

can be determined. Fungi have also been commonly

isolated from the rumen, yet the role of fungi is still

unclear (87). Bacteriophages (bacterial viruses) have been

frequently isolated from the rumen, and it has been

hypothesized that they play a role in nutrient recycling

in the rumen as well as diurnal variation of the ruminal

populations (88).

Probiotics and DFMs for ruminants
A DFM is fed daily to improve the ruminal fermenta-

tion and production efficiency (89). Increasingly, compa-

nies claim some benefit to them in reducing E. coli O157:

H7 shedding in cattle. E. coli O157:H7 is a food-borne

pathogen capable of causing severe illness in humans.

Different researchers have compared several of the com-

mercially available growth enhancement probiotics and

yeast products and found that feeding these probiotics

provided no effect in regards to pathogen levels in cattle

(90, 91). However, a probiotic culture comprised of

Streptococcus bovis and Lactobacillus gallinarum from

the rumen of cattle resulted in the reduction of E. coli

O157 shedding when given to experimentally infected

calves, and this decrease was attributed to an increase

in SCFAs concentration in the gut (92). Probiotic pro-

ducts have been developed to specifically reduce E. coli

O157:H7 shedding in cattle. A probiotic that contained

S. faecium or a mixture of S. faecium, L. acidophilus,

L. casei, L. fermentum and L. plantarum significantly

reduced fecal shedding of E. coli O157:H7 in sheep,

yet, a monoculture of Lactobacillus acidophilus was found

to be ineffective (93). A DFM comprised of Bacillus

subtilis did not affect the fecal prevalence or concen-

tration of E. coli O157:H7 and did not impact average

daily gain in feedlot cattle (94). Studies have also indicated

that cultures of Lactobacillus acidilactici and Pediococcus

could directly inhibit E. coli O157:H7, likely through the

production of organic acids and low pH (95).

This Lactobacillus-based DFM is currently marketed

as BovamineTM and Bovamine DefendTM based on dosing

levels, and both are widely used in the cattle industry

because they have been reported to improve the growth

efficiency of cattle, at least in a feedlot ration. There will

likely not be a single DFM that can work effectively at

reducing E. coli O157:H7 populations in cattle and

improve production efficiency in all production systems

(i.e. feedlots, cow�calf, stockers, and dairies). Therefore,

alternative DFM cultures selected specifically for each

production segment or situation need to be developed

so that the food safety improvement can occur while

economically balancing the cost of its inclusion in

cattle rations thus ‘paying for’ the enhancement of food

safety.

Bacteriocin-producing bacteria as probiotics
Bacteriocins have attracted great interest for their po-

tential use as food preservatives, functional food ingre-

dients (with both health and economic benefits), as

well as antibacterial agents to prevent or reduce food-

borne pathogens (96�99). In general, bacteriocins are

ribosomally synthesized proteinaceous substances with

antimicrobial activity against similar bacteria (100).

One group of bacteriocins is enterocins; they are pro-

duced by representatives of the genus Enterococcus,

the most frequent being the species E. faecium (101).

Some enterococci are known to produce enterocins and

to possess probiotic properties (102, 103), and the most

studied enterocins are those produced by strains of

E. faecium from different sources. E. faecium CCM4231

isolated from the rumen was the first bacteriocin pro-

ducer strain of animal origin described in detail (104).

Other bacteriocin-producing strains of animal origin

are E. faecium EF55 of chicken origin, and rabbit feces-

derived strain E. faecium 2019 (CCM7420). Moreover,

animal waste isolates, E. faecium EK13 (CCM7419), and

E. faecium AL41 have been found to produce bacteriocins

and possess probiotic properties (104�108). Based on

detailed studies (101), enterocins (Ents) are divided into

four classes: 1) lantibiotic (lanthionine-containing pep-

tide antibiotic) enterocins (e.g. cytolysin), 2) small non-

lantibiotic peptides with three subgroups-enterocins

of pediocin type (e.g. enterocin A, P), enterocins synthe-

sized without a leader peptide (Ent Q or L50), and other

linear, non-pediocin-type enterocins, (e.g. Ent B), 3) cyclic

antibacterial peptides, and 4) large proteins.

Enterocin-producing enterococci and/or their entero-

cins have been studied in food animals (poultry and

rabbits) and have been shown to maintain health due

to their in vivo antimicrobial effect against Salmonella

serotype Enteritidis PT4, coagulase-positive staphylo-

cocci, coliforms, clostridiae, and pseudomonas (109�
114). The mechanisms of their antimicrobial activity can

vary from bactericidal modulation of enzymatic activity,

through to the inhibition of anionic transporters, or to

form pores in the cytoplasmic membrane.

Although much work remains to be done to determine

their exact mechanism of action, bacteriocins and bacter-

iocin-producing bacteria have the potential to improve

animal health and by extension, improve the safety of

animal products consumed by humans.
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Conclusions
The interest in digestive physiology and the role of

microorganisms has generated data whereby human and

animal wellbeing can be enhanced and the risk of disease

reduced. New molecular techniques allow an accurate

assessment of the floral composition, resulting in improved

strategies to elucidate the different mechanism of action

that probiotics have to enhance performance of livestock

animal species. Given the recent international legislation

and domestic consumer pressures to withdraw growth-

promoting antibiotics and limit antibiotics available for

treatment of bacterial infections, probiotics can offer

alternative options. New advances in the application of

probiotics are directed to produce significant changes in gut

physiology and provide even higher levels of health as well

as increasing performance parameters in different animals.

Metchnikoff founded the research field of probiotics,

aimed at modulating the intestinal microflora (115).

However, other parts of the body containing endogenous

microflora or problems relating to the immune system

may also be candidates for probiotic therapy. Much re-

search has been completed in an effort to understand

and apply the natural benefits of non-pathogenic bacteria,

but there is much still to do.
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