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Abstract

In the first part of the study an experimental design was followed whereby 600 DeKalb
Amber-link® commercial laying pullets were subjected to three levels of EM bokashi
(0.5%, 1.0% and 1.5%) and a standard level of a coccidiostat in the starter (17% CP,
0.9% Ca and 0.4% available phosphate) and grower (15% CP, 0.8% Ca and 0.35%
available phosphate) diets from day-old to 16 weeks of age. EM treatments did not
significantly affect the average weekly body mass, average daily gain, average weekly
feed intake, cumulative weekly feed intake, cumulative feed conversion ratio and the
average bi-weekly shank length over the control. The coccidiostat treatment maintained
significant lower body weights, average daily gains and worse feed conversion ratios than
all the EM treatments and the control throughout the trial period of 16 weeks. Although
not significant the EM1.5% level had the best feed conversion ratio, the highest body
mass and the longest shank length at the end of the trial period at week 16. Mortalities

were not treatment linked.

In the second part of the study it was determined whether EM and coccidiostat
supplementation during the growing phase had any effect on performance in the laying
phase and if EM and antibiotic supplementation during the laying phase has had any
additional effect to EM and coccidiostat supplementation in the growing phase. For this,
pullets that received three EM levels and a coccidiostat in the growing phase (Chapter 2)
were halved for each treatment. One half from each treatment continued on the
treatments received in the growing phase in the laying phase except the coccidiostat
treatment which now received an antibiotic. The other halves received only a basal layer
diet. EM and antibiotic supplementation during the laying phase did not influence egg
production, egg weight, the percentage of uncollectable eggs, the total amount of eggs
laid over the trial period and internal egg quality over supplementation during the
growing phase alone. EM supplementation during the laying phase did not influence
breaking strength, body weight and shank length over supplementation during the
growing phase. Supplementing at 1.5% in the laying phase improved shell thickness over
supplementation at this level in the growing phase. Supplementing 0.5% in the laying

phase and 1.5% in both phases resulted in lighter yolk colours whilst 1.0%



supplementation in the laying phase increased the incidence of meat spots. Antibiotic

treatment resulted in thinner shells and lower breaking strength but darker yolks.

In the third part of the study it was determined in two experiments whether method of
EM supplementation (drinking water or the diet or both) exerted any significant effect on
egg quality. For this, 50 DeKalb Amber-Link® day-old pullets were raised on basal
starter and grower diets and subjected to two different dietary treatments in the
subsequent laying phase - a basal layer diet or a diet containing 1.5% EM bokashi. In
addition both these treatments received EM stock solution in the drinking water (1 :
1000). These treatments were compared to treatments receiving a basal layer diet or a
diet containing 1.5% EM bokashi (both receiving no EM in the drinking water). In the
first experiment EM supplementation method did not significantly influence the breaking
strength of eggs, internal egg quality, the calcium and the phosphorus content and the
ratio of these minerals in eggshell. Supplementation in the drinking water alone resulted
in eggs with significantly thinner shells whilst supplementation in the diet alone resulted
in eggs with lighter coloured yolks. Supplementation in the drinking water, regardless of
diet, resulted in eggs with a higher incidence of meat spots. In the second experiment
supplementation in the drinking water, regardless of diet, resulted in significantly less
deterioration of egg quality over time. The best result was obtained with a combination

of EM in the drinking water and the diet.



Samevatting

In die eerste gedeelte van die studie is ‘n eksperimentele ontwerp gevolg waarvolgens
600 DeKalb Amber-Link® kommersiéle Iéhennetjies onderwerp is aan drie vliakke van
EM bokashi (0.5%, 1.0% en 1.5%) en ‘n standaard vlak van ‘n koksidiostat in die
aanvangs- (17% RP, 0.9% Ca en 0.4% beskikbare fosfaat) en die groei- (15% RP, 0.8%
Ca en 0.35% beskikbare fosfaat) dieéte vanaf dagoud ouderdom tot 16 weke. Die EM
behandelings het nie die gemiddelde weeklikse liggaamsmassas, die gemiddelde
daaglikse toenames, die gemiddelde weeklikse voerinnames, die kumulatiewe weeklikse
voerinnames, die kummulatiewe voeromset verhouding en die gemiddelde twee-
weeklikse skenkellengte betekenisvol beinvloed bo die kontrole nie.

Die koksidiostat behandeling het betekenisvol laer liggaamsmassas, gemiddelde
daaglikse toenames en swakker voeromset verhoudings as al die EM behandelings en die
kontrole gehandhaaf gedurende die hele proeftydperk van 16 weke. Alhoewel nie
betekenisvol het die EM1.5% vlak die beste voeromset verhouding, die swaarste
liggaamsmassa en die langste skenkellengtes gehad aan die einde van die eksperimentele

periode op week 16. Mortaliteite was nie gekoppel and behandelings effekte nie.

In die tweede gedeelte van die studie is bepaal of EM en koksidiostat supplementasie
gedurende die groeifase enige invloed gehad het op prestasie gedurende die léfase en of
EM en antibiotika supplementasie gedurende die 1éfase enige addisionele effek gehad het
tot EM en koksidiostat supplementasie in die groeifase. Hiervoor is die hennetjies wat
drie EM vlakke en ‘n koksidiostat in die groeifase ontvang het (Hoofstuk 2) gehalveer vir
elke behandeling. Een helfte van elke behandeling het voortgegaan in die 1éfase op die
behandelings wat ontvang is in die groeifase, behalwe dat die koksidiostat behandeling
nou ‘n antibiotika in die 1édieét ontvang het. Die ander helftes het net ‘n basale 1édieét
ontvang. EM en antibiotika supplementasie gedurende die 1éfase het nie eierproduksie,
eiermassas, die persentasie abnormale eiers, die totale hoeveelheid eiers gelé oor die
eksperimentele periode en interne eierkwaliteit beinvloed oor supplementasie gedurende
die grocifuse alleen nie. EM supplementasiz in die 1¢fase het nie die breeksterkte van
eiers, liggaamsmassas en skenkellengtes beinvloed oor supplementasie in die groeifase

alleen nie. Supplementering teen 1.5% in die 1éfase het dopdikte verbeter oor



supplementasie teen dié vlak in die groeifase. Voorsiening teen 0.5% in die 1€fase en
teen 1.5% in beide fases het ligter dooier kleure tot gevolg gehad, terwyl supplementasie
teen 1.0% in die 1éfase die insidensie van vieiskolle verhoog het. Antibiotika
behandeling het gelei tot dunner doppe en laer breeksterktes maar donkerder dooier

kleure.

In die derde gedeelte van die studie is met twee eksperimente bepaal of metode van EM
voorsiening (drinkwater of voer of beide) enige betekenisvolle effek uitgeoefen het op
eierkwaliteit. Hiervoor is 50 DeKalb Amber-Link® dag-oud hennetjies grootgemaak op
basale aanvangs en groei dieéte en onderwerp aan twee verskillende behandelings in die
1édieét in die daaropvolgende 1éfase - ‘n gewone basale 1édieét of ‘n dieét wat 1.5% EM
bokashi bevat het. Hierdie twee behandelings het addisioneel tot die die€te ‘n EM
oplossing in die drinkwater ontvang teen ‘n konsentrasie van 1: 1000. Hierdie twee
behandelings is vergelyk met behandelings wat geen EM supplementasie in die
drinkwater ontvang het nie en of ‘n basale dieét of ‘n dieét met 1.5% EM bokashi gevoer
is. In die eerste eksperiment het die EM voorsienings metode nie die breeksterkte van
eiers, interne eierkwaliteit, die kalsium en die fosfor inhoud van eierdoppe asook die
verhouding van hierdie elemente tot mekaar betekenisvol beinvloed nie. EM voorsiening
in die drinkwater, ongeag van dieét, het gelei tot betekenisvol dunner doppe. EM
voorsiening in die dieét alleen het gelei tot ligter dooier kleur. EM voorsiening in die
drinkwater, ongeag van dieét, het ‘n verhoogde insidensie van vleiskolle tot gevolg
gehad. In die tweede eksperiment het supplmentasie in die drinkwater, ongeag van dieét,
die bederfbaarheid van eiers oor tyd verbeter. Die beste resultaat is verkry met ‘n

kombinasie van EM in die drinkwater en die dieét.



Chapter 1
Probiotics — A Review with Special Emphasis on the Chicken

Introduction

Currently one third of the protein in the human diet comes from products of animal
origin, which has been associated with improved physical and mental development of
children (Briedenhann, 1999). For many consumers products from the domesticated fowl
(Gallus domesticus) have become the cheapest source of animal protein (Abdulrahim et
al., 1999). The global demand for poultry products is continuously increasing
significantly. Between 1989 and 1998 chicken meat consumption increased by 23% and
egg consumption by 40% (Briedenhann, 1999).

As it is predicted that the production area will not increase sufficiently to meet the
demand for food, improved technology is needed to increase productivity per unit area to
meet the strong growing demand for animal products (Briedenhann, 1999). It is
furthermore difficult to estimate on an industrial basis the total losses in production
attributable to feeding poor quality feed ingredients to poultry and livestock. Because of
the nutritional importance of protein and specific amino acids, decreased protein quality
has the potential to cause significant losses in poultry production due to decreased

efficiency (Grimes et al., 1997).

The primary concerns of a poultry nutritionist therefore seem always to be productivity
and efficiency in production or Return over Extra Outlay (REO) (Sefton, 1998). The use
of antibiotics and growth promoters to increase productivity and efficiency is widespread
and the general consensus appears to be that poultry production would be impossible
without them (Sefton, 1998). Regulatory institutes and the general public are, however,
becoming concerned with the use of antibiotics and growth promoting drugs. The poultry
industry therefore faces many challenges to meet consumers’ demands for safe and
“natural” food in an efficient manner. Ways must be found to increase the efficiency of

utilization of food and to increase productivity by keeping poultry healthy, both done in a



natural and non-invasive manner. Alternatives are available via the application of
biotechnology — alternatives with an attractive Return over Extra Outlay (Sefton, 1998).
One such an alternative, using biotechnology, is the addition of microbial cultures or
“probiotics” to the gastrointestinal tract of both man and animals — a practice as old as
time but only recently rediscovered. This review will attempt to inquire into the deeper
purpose behind probiotic supplementation as a possible alternative to antibiotics and

other pronutrients with the chicken as model.

“Probiotic” — Clearing of a Definition

The history of live microbial feed supplements dates back thousands of years. The first
foods containing living microorganisms were fermented milks that are recorded in the
Old Testament of the Bible. The emphasis being on the preservation of feed which
would have inevitably had a beneficial effect on the health of the community (Fuller,
1992a).

The word “probiotic” is derived from the Greek meaning “for life” and has had several
different meanings over the years such as “organisms and substances which contribute to
intestinal microbial balance”. The inclusion of the word “substances” gave the
aforementioned definition a wide connotation, which would include antibiotics and
therefore rendered this definition imprecise and unsuitable for use in animal husbandry.
Today probiotics are defined as “a live microbial feed supplement which beneficially
affects the host animal by improving its intestinal microbial balance” (Fuller, 1992a).
The word “probiotic” and its definition has however been rejected by the EU
Commission and the FDA, who specify “microorganism” and “direct-fed microbial”
respectively. These organizations feel that the word “probiotic” is untransparent and that
it has been used to oppose antibiotics in animal nutrition. The latter are actually probiotic
in effect, though not in mode of action (Rosen, 1997). For the purpose of this review,
however, the word *“probiotic” will be used, as this is the most well known term to

describe the addition of beneficial organisms to the animal gut.



Gut Microflora Metabolism — Friend or Foe?

Before supplementing an animal with microorganisms it is necessary to know the natural
state of the microflora in the gut and its effect on the host. In the past it was generally
believed that the microflora in the gut had adverse effects on the health of both man and
animals. Indeed, the metabolic activities of the microflora in the alimentary tract can
have wide-ranging implications on the health and performance of poultry, resulting in

both detrimental and beneficial effects (Rowland, 1992).

Under normal circumstances the intestinal flora reduces the growth rate of the host. The
degree of growth depression will vary between individual birds. It is unclear how and
which organisms depress growth (Barrow, 1992). The microfloral populations of the
small and large intestines in the chicken can, however, reach densities of almost 10° and
10" per gram of ileal and caecal contents respectively. Such a concentration of
metabolically active organisms evidently will influence not only the availability of
substrate to the host but also the relative “well-being” of the host and hence its ability to
grow rapidly (Apajalahti, 1999). Several hypotheses of microbial induced growth
depression include reduced nutrient absorption (including reduced glucose and vitamin
absorption) in the host due to competition with the gut flora and direct toxic effects of
bacterial produced carcinogenic or mutagenic metabolites from substances derived from

the diet or produced endogenously (Barrow, 1992).

One of the hypotheses seeking to explain microbial growth depression in the chicken due
to malabsorption of nutrients connects the gut microflora with bile-acid metabolism. In
the healthy animal bile acids are secreted in conjugated form and are deconjugated by
bacteria in the ileum and large intestine. The conjugated acids, but only some of the
deconjugated acids, are absorbed and recycled to the gut via the liver and bile. Certain
species of the normal gut flora including Streptococcus faecium, Clostridium perfringens,
streptococct and some of the bifidiobacteria and lactobacilli are able to deconjugate the
various bile acids found in the chicken including cholic and taurocholic acid. The
deconjugated acids are not readily absorbed and are therefore not available for recycling

and subsequent release in the gut for the absorption of lipids and lipid-associated



vitamins. Ultimately, this would ultimately lead to a depression in growth (Cole &
Fuller, 1984).

In the crop and caeca, microflora in the chicken may have nutritional significance when
the hosts are in their natural environment where the diet may be of poor nutritional value.
Fermentation in the crop produces a large number of organic acids that are available to
the host. The extent of utilization of organic acids in the chicken is not known. Crop
fermentation also influences the gut pH, which may exert an effect on enzyme activity.
Nucleotides synthesized by lactobacilli are utilized by the host, but B vitamin synthesis
contribute little to the chicken’s requirements (Barrow, 1992). Vitamin A is also
synthesized and may compensate to the chicken’s requirements when reared on a

deficient diet. None of the caecal flora degrades cellulose or xylan.

The presence of the gut microflora affects protein and energy metabolism in the chicken
in several ways. In protein metabolism little or no effect is induced by the gut microflora
when adequate amounts of protein are fed. When birds are subjected to protein starvation
the excretion of endogenous N are lower in the conventional state compared with the
germ-free state (Muramatsu et al., 1994). The presence of gut microflora modifies
energy conversion and utilization in the chicken not only at a digestion step but also at an
internal metabolism step. Association with the gut microflora increases the maintenance
energy requirement of the chicken. However, the association with the gut microflora
decreases fasting heat production. The presence of gut microflora therefore play either a
buffering or counter-productive action in the energy utilization of birds, i. . saving the
heat loss when no energy is available, but lowering energy utilization when normal
growth is maintained (Muramatsu et al., 1994).

Other health implications of gut flora metabolism include the detoxification of dietary
toxicants, an alteration in susceptibility of the host to tumour induction and involvement

in the protection against disease (Fuller, 1992a).

Protection against disease may be the most valuable beneficial contribution of the gut

microflora to the host. The intact intestinal flora resists implantation with non-



indigenous microorganisms because it consists of a community in its climax state. Its
members have been selected for over a period of time and represent those
microorganisms that can best cope with the biological and non-biological restrictions
imposed by the ecosystem. Non-indigenous organisms, such as pathogens, that are less
fit, cannot easily colonize this ecosystem (Hentges, 1992). Evidence for this protective
effect of the gut flora stems form the observation that germ-free animals are more
susceptible to disease than are the corresponding conventional animals with a complete
intestinal flora. A stable intestinal flora population helps an animal resist infection by
means of bacterial antagonism, bacterial interference, colonization resistance and
competitive exclusion (Hentges, 1992; Fuller, 1989). Numerous studies have been done
on the effect of gut microflora on the resistance to disease. For example, it has been
shown that inoculating layers and broilers with normal caecal flora greatly reduced caecal
colonization by salmonellae (Ziprin & Deloach, 1993). The mechanism by which native
gut microflora prevents infection with Salmonella is not clear but the two most often
cited mechanisms are occupation of the sites on the mucosa that Salmonella invade and
the production of volatile fatty acids (Stavric, 1987). Conventional animals with a
complete gut flora also have increased phagocytic activity and immunoglobulin levels as
compared with germ-free (gnotobiotic) animals (Bealmear et al., 1984 as cited by Fuller,
1989).

To summarize, in terms of nutritional benefit to the host the gut microflora would tend to
be more beneficial when the chicken is in its natural environment, where it is subject to
conditions of starvation and needs to conserve both protein and energy and synthesize
essential components such as vitamin A. In such conditions the gut microflora would
serve as a buffer. In terms of disease resistance in the host, however, the gut flora plays
an intrinsic role that cannot be ignored in intensive poultry production systems. This is

where probiotics may play an important role.

Why use Probiotics?

In a natural environment the establishment of a microbial population in the digestive tract

of all warm-blooded animals, soon after birth, is inevitable (Jernigan & Miles, 1985). In
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the wild state an animal obtains its gut flora from its immediate environment which is
heavily contaminated with bacteria from its mother until it stabilizes as a complex
collection of about 10'* microorganisms consisting of about 400 different types (Fuller,
1989). The microbial types that first establish, in most cases, are the forerunners of the
final organisms that will colonize and persist in the digestive tract throughout the adult
life of the animal. It is known that various types of colonizing bacteria are sensitive to
changes that may occur in the digestive tract of the host. The host (and therefore also its
environment) and microbial factors will determine the composition of this microflora

population (Jernigan & Miles, 1985).

Under normal conditions there would be no need for the use of probiotics, as the
population of microorganisms in the intestine of an animal would protect it against
disease. In healthy chickens reared on a complete diet administration of probiotics is
therefore unlikely to give any substantial direct nutritional benefit because the gut flora
would be in a state of equilibrium (Barrow, 1992). Modern methods of perinatal care,
however, limit the contact between mother and offspring and provide unnatural foods and
environmental conditions (Barrow, 1992). This is especially true in the chicken. The egg
is removed from the hen and hatched in a clean incubator. There is no direct contact with

the hen and the chick acquires its flora from the incubator environment (Fuller, 1989).

The four most important factors that would influence an otherwise stable gut flora
population are excessive hygiene, antibiotic therapy, diet and stress (Fuller, 1989).
Examples of excessive hygiene in the chicken include the cleaning and disinfection of
houses and housing layers on wire floors to prevent contact with the faeces. Whereas
excessive hygiene prevents the acquisition of a protective flora, oral antibiotics suppress
its activity even after it has been acquired (Fuller, 1989). Under these conditions the
normal gut flora becomes deficient of the normal components that are responsible for
disease resistance. Disturbance of the gut flora therefore leads to detrimental effects by
allowing colonization by pathogens or grov.th-depressing bacteria (Barrow, 1992). One
of the greatest stress factors in poultry production is the confinement of birds in dense

populations. During stress conditions the general trend is for lactobacilli to decrease and
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coliforms to increase (Fuller, 1989). Hormonal changes during stress can affect the
production of mucus in the intestines which may in turn reduce the components of the gut

flora which are usually associated with it (Fuller, 1989).

The use of probiotics seeks to rectify deficiencies in the gut flora induced by an unnatural
environment and human management practices. Restoration of the gut flora will enable

an animal to return to its normal, more “natural” resistant state (Fuller, 1989).

The Normal Intestinal Flora of Poultry

When supplying a probiotic to an animal it is necessary to know with what that specific
probiotic will be dealing with in the gut. Fundamental to the understanding of the
probiotic effect is the knowledge of how the specific microorganisms used can affect
other microorganisms such as those that comprise the indigenous gut microflora or
invading pathogens. If probiotic preparations are to survive and be active in the digestive
tract, they have to be suitable for that environment and resist the host’s protective
mechanisms that are inhibitory to microbes (Jonsson & Conway, 1992). Before
compiling a probiotic for chickens it is therefore necessary to quantify the conditions
occurring in the gut, what the composition of the microbial population is with which a
probiotic will interact and what happens when artificial conditions change an otherwise

healthy and stable gut flora population.

The gut microflora of the healthy chicken is very complex and the interactions between
different types of organisms are very complicated. Although the alimentary tract of the
healthy newly hatched chick is sterile it rapidly becomes colonized by facultative
anaerobes. Lactobacilli soon displace these types as the dominant organisms in the crop
and small intestine. The caecal flora stabilizes 4-6 weeks after hatching (Barrow, 1992).
Microflora from the crop that survive the low pH of the gizzard generally multiply in the
small intestine. Organisms from the small intestine may be taken into the caeca. The
microoial content of the cloaca and facces depends on wheiher they contain material from
the small intestine or from the caeca. Caecal droppings are discharged two to four times
each day (Barrow, 1992).
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Food is swallowed whole and is stored in the crop where a predominantly lactic acid
semi-batch fermentation takes place. The E; (oxidation/reduction potential) is fairly high
so that ingested obligate anaerobes and other non-enteric organisms soon die. The
predominant organisms in the crop are lactobacilli that adhere to the squamous
epithelium of the crop. The lactobacilli produces mainly lactic and acetic acids such that
the crop content pH of the healthy chicken is 4-5 with the result that less aciduric
organisms do not normally grow to the same high numbers (Barrow, 1992). Lactobacilli
that have been isolated from the crop include Lactobacillus salivarius, L. fermentum and
a type resembling L. acidophilus. A carbohydrate-rich capsular layer mediates adhesion
of lactobacilli to the crop. The number of lactobacilli in the crop will decrease with
starvation but will remain sufficient to inoculate fresh food entering the crop. E. coli is
present in the crop in low numbers possibly because of ingestion of faeces (Barrow,
1992). The pH of the proventriculus and gizzard is very low (pH 1-2) and microbial

survival depends on acid tolerance.

Little multiplication of organisms occurs in the duodenum because of the relatively high
flow rate of the contents. At this flow it would be difficult for bacteria to multiply
sufficiently fast to avoid being washed out. Attachment to the epithelial cells is therefore
virtually a prerequisite for microorganisms to colonize this region. Because the
epithelium is continuously regenerating and sloughing off cells and overlying mucus,
bacteria can only colonize this region if their generation time is faster than the sloughing
rate (Jonsson & Conway, 1992). Colonization of the duodenal villi by Ent. hirae may
result in growth depression. The caeca are filled with a thick viscous fluid containing no
food particles. In these organs the highest viable counts and most complex microflora
exists. Here the kinetics of bacterial growth resembles those of a batch culture. More
than 200 strains reside here and most are obligate anaerobes. A layer of bacteria,
hundreds of cells thick, is present in the caeca, embedded in the mucus lining the
epithelium. This layer allows for rapid colonization of fresh contents entering the caeca

and play no significant role in the protection against pathogens (Barrow, 1992).
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As stated in the previous section, a number of naturally occurring and artificial factors
such as disease, the immune response, age, diet and orally administered antibiotics can
affect the composition of the normal, stable gut flora. These changes are important in an
assessment of the need for probiotic use but are poorly understood and have not been

fully characterized (Barrow, 1992).

The most obvious change in an adult established flora induced by dietary changes occurs
at the anterior end of the gastrointestinal tract. Little change occurs in the caeca.
Increased carbohydrate ingestion stimulates the lactobacilli whereas diets rich in protein
suppress the lactobacilli, while coliforms, clostridia and streptococci increase in numbers
in the crop. Appropriate dietary changes may promote the colonization by probiotics
(Barrow, 1992). The most common practice to promote colonization and render
manipulation of the gut flora is the use of antibiotics over the short term simultaneously
with probiotic organisms resistant to that antibiotic (Barrow, 1992). Without such a
drastic selective pressure the adult intestinal flora is difficult to change simply by oral
administration of microorganisms. It would be easier to establish a beneficial organism

soon after hatching before other organisms are able to colonize (Barrow, 1992).

Composition of Probiotics

Probiotics may contain one or several (up to eight or nine) strains of microorganisms,
multiple-strain preparations being active against a wider range of conditions and in a
wider range of animals (Fuller, 1989). They may contain organisms of the indigenous

flora, especially where adhesion is a prerequisite, or not.

The lactobacilli have remained the most commonly used probiotic organisms. Lactic
acid bacteria (LAB) comprise a wide range of genera including a considerable number of
species, all of which are able to ferment carbohydrates to lactic acid as major end
product. They are typically Gram-positive, usually catalase negative and strictly
anaerobic non-sporeiorming bacteria. However, lactic-acid producing, sporeforming
bacteria are found in the genera Bacillus (aerobic) and Sporolactobacillus although these

are not considered LAB because of their physiological and biochemical properties (Klein,
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1997). The most important genera of the LAB used as probiotics are Lactobacillus,
Enterococcus and Bifidobacterium (Klein, 1997). The use of lactobacilli stems from
studies which have shown that when gut flora develops after birth, as the lactobacilli
increase, other components of the flora decrease (Fuller, 1989). The use of L.
acidophilus and other lactobacilli was also stimulated by the desire to ensure that the
organism would survive in the gut. Survival in the gastrointestinal tract are expressed by
their resistance to low pH and / or to bile and temperature growth ranges (Klein, 1997).
Lactobacilli commonly used in probiotic preparations include L. delbreuckii subsp.
bulgaricus, L. acidophilus, L. casei, L. fermentum, L. plantarum, L. brevis, L. cellobiosus,
L. lactis and L. reuteri (Fuller, 1992a). The bifidiobacteria currently being used as
probiotics are Bifidobacterium adolescentis, Bif- animalis, Bif. bifidum, Bif. infantis, Bif.
longum and Bif. thermophilum (Fuller, 1992a).

Probiotics also contain bacteria belonging to the genera Leuconostoc, Pediococcus,
Propionibacterium and Bacillus. Two common strains of Enterococcus faecium (M74 &
SF68) are human isolates commonly used in animal probiotic preparations. Yeasts
(Saccharomyces cerevisiae and Candida pintolopesii) and moulds (4pergillus niger and

A. oryzae) are commonly used in animal products (Fuller, 1992a).

A number of empirical observations have suggested that some preparations containing
dead bacteria are effective probiotics, but the use of live organisms is emphasized for
many products with the implication that intestinal colonization is essential for efficacy
(Barrow, 1992).

Probiotics for chickens are designed to either replace beneficial organisms that are not
present in the alimentary tract or to provide the chicken with the effects of beneficial
bacteria. There are two major groups of probiotic preparations: those that are primarily
intended to be effective in the crop and the anterior regions of the alimentary tract and
those whose cffect is directed mainly in the cacca. It is likely that both types are, to some
extent, effective throughout the gut (Barrow, 1992). Criteria used to compose a probiotic

for chickens include adhesion to the crop epithelium, the ability to grow in the nutritional
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environment of the gut, the ability to tolerate a low pH to survive the gizzard
environment and the ability to resist innate or microbially produced inhibitory
mechanisms. The lactobacilli are the strains that adhere to the crop epithelium and are
the most widely used in the preparation for probiotics for chickens. Avian strains of L.
acidophilus, L. salivarius and L. fermentum will adhere to the crop. It was found that
human strains of L. acidophilus, L. helveticus and L. brevis wash rapidly out of the
gastrointestinal tract of the chicken indicating the importance of use the of specie specific

strains (Barrow, 1992).

Intestinal microflora from adult chickens have been reported to protect chicks from
Salmonella colonization. Attempts have been made to identify components of the natural
protective flora in chickens with the aim of developing probiotic treatments with a known
bacterial composition. Cecal material that successfully protect chicks contain, on a per
gram basis, approximately 10® coliforms, 10° fecal streptococci and more than 10°
anaerobes including Bacteroides, Bifidobacteria, Clostridia, Fubacteria, Fusobacterium,
Propionibacteria and several Gram positive cocci (Oyarzabal & Conner, 1995).

Bacterial isolates which have protected chicks against salmonellae infection included
Bifidobacterium bifidum, E. faecium, Pediococcus spp., Streptococcus faecalis, S.
Sfaecium, lactobacilli, coli-aerogenes bacteria, clostridia and nonsporing anaerobes
(Stavric, 1987; Oyarzabal & Conner, 1995). These types of probiotics which aim to
protect against salmonellae infection can contain up to 50 species isolated from the caecal
contents of a donor hen. In addition to disease resistance these probiotic cultures will
also improve growth (Stavric, 1987). It has been shown that isolates from the natural gut
flora can also protect the chicken against E. coli (Weinack et al., 1981 as cited by Fuller,
1989), Campylobacter fetus subsp. jejuni (Soerjadi et al., 1982 as cited by Fuller, 1989).
Clostridium perfringens, Cl. botulinum (Snoeyenbos et al., 1983 as cited by Fuller, 1989)
and Yersinia enterocolitica (Soerjadi Liem et al., 1984b as cited by Fuller, 1989). The
specific bacteria responsible for the latter effects are not known although it is speculated
that lactobacilly, streptococci, coliforms and strictiy anaerobic bacteria my play a role in

the protection (Impey et al., 1982 as cited by Fuller, 1989).
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A probiotic culture can be presented to an animal in several ways. The type of
preparation will depend on the sort of use intended. Probiotics may be presented in the
form of powders (loose or in capsules), tablets, granules or pastes. They may be
administered by direct insertion into the mouth or by inclusion in the food e. g. in pelleted
feeds (Fuller, 1989) or the drinking water (Watkins & Kratzer, 1984). Experiments have
also been done with the administration to newly hatched chicks by spraying a probiotic
into the surrounding atmosphere (Fuller, 1992a). In spite of careful selection of strains, it
seems unlikely that it would be possible to establish permanently the probiotic organism
in the intestinal tract and multiple dosing is essential if the full probiotic effect is to be

obtained (Fuller, 1992a).

Characteristics of a Good Probiotic

An effective probiotic is required to operate under a variety of different environmental
conditions and to survive in many different forms. Therefore, it should show the
following characteristics:

e It should be capable of being prepared as a viable product on an industrial scale
(Fuller, 1992a).

e A probiotic should be stable and capable of remaining viable for long periods under
storage and field conditions (Fuller, 1989). It is especially important that strains used
as probiotics must not lose viability in the period between addition to the feed and
consumption by chickens (Haddadin et al., 1996).

¢ It should have the ability to survive (not necessarily grow) and metabolize in the gut
environment e. g. be resistant to low pH, organic acids (Fuller, 1992a) and bile salts
(Haddadin et al., 1996). In the chicken tolerance of a low pH is important in allowing
extensive colonization of the small intestine by survival of the gizzard environment
(Barrow, 1992).

o It should consist of a strain or strains that is capable of exerting a beneficial effect on
the host animal, e. g. increased growth, egg production or resistance to disease
(Fuller, 1989).

e A probiotic culture should include host-specific strains that adhere to the gut
epithelial surface (Fuller, 1989). In the chicken this includes adhesion to the crop.
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The ability of strains to adhere to the crop is particularly important for organisms that
have a slower rate of multiplication in the feed slurry present in the crop (Barrow,
1992).

It should be non-pathogenic and non-toxic to the host animal (Fuller, 1989).
Although it has not been possible to determine the minimum effective dose required
in chickens, a probiotic should preferably be presented in large numbers of organisms
and as viable cells.

The strains used in the probiotic culture must be capable of growth in a bulk medium
that is easy to prepare and give rise to a high cell count prior to feeding (Haddadin et
al., 1996).

Additional factors such as optimal temperature for growth and resistance to
unsaturated fatty acids may also play a significant role in determining colonization by
a probiotic and should therefore be taken into account when compiling a probiotic for

a certain animal species (Barrow, 1992).

The Mode of Action

The underlying basis for most of the effects claimed for probiotics is an effect on the gut

microflora — either its composition or its metabolic activity. The most important ways in

which a probiotic organism may exert a beneficial effect on its host is to modify these

metabolic processes in the gut. Such beneficial effect could be achieved in theory by a

variety of mechanisms (Rowland, 1992):

By suppressing reactions which result in the generation of toxic or carcinogenic
metabolites. This may be done by the provision of enzymes that detoxify ingested
substances or their active metabolites. An example in the chicken is the reduction of
urease activity of gut microflora when Lactobacillus casei is supplemented in the
diet. This leads to a reduction in the production of toxic ammonia in the gut (Yeo &
Kim, 1997). Another example is the suppression of nitroreductase that is involved in
the synthesis of carcinogenic nitrosamines by lactobacilli (Goldin & Gorbach, 1984
as cited by Fuller, 1989).

By stimulating enzymatic reactions involved in the detoxification of potentially toxic

substances either ingested or formed endogenously. An example in humans is the
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ingestion of fermented milks containing lactobacilli possessing 3-galactosidase
activity which raises the intestinal lactase activity which assists lactose digestion and
therefore counteracting symptoms associated with lactose intolerance.

e By stimulating mammalian enzymes involved in the digestion of complex nutrients,
or where such enzymes are absent (due to genetics or disease) providing a bacterial
source of these enzymes.

e By promoting the digestion of previously indigestible substances for instance
cellulose and phytate phosphorus.

e By synthesizing vitamins and other essential nutrients not provided in sufficient
quantities in the diet.

¢ By influencing the function and morphology of the digestive tract (Jonsson &
Conway, 1992). For instance, lactic acid secreted by lactobacilli may encourage
better absorption of calcium and phosphorus from the digestive tract (Haddadin et al.,
1996).

e Probiotics displace or dilute normal gut flora organisms that activate ingested
substances to toxic or carcinogenic derivatives.

e Probiotics generate conditions in the gut, which alter the rate of bacterial activation of
ingested chemicals, e. g. lowering of pH affects ammonia production and bile acid
metabolism.

The beneficial effects of probiotics may be mediated by a direct antagonistic effect

against a specific group of organisms, resulting in a decrease in their numbers or by any

effect on their metabolism or by stimulation of the immune system (Fuller, 1989). These
include:

e The suppression of viable bacterial numbers by production of antibacterial
compounds (e. g organic acids and hydrogen peroxide), competition for nutrients and
for adhesion sites. Lactic acid bacteria are known to be associated with the gut wall
of chickens and may prevent colonization by pathogens due to competition for
adhesion sites on the gut epithelial surface. Lactobacillus spp. are also capable of
producing large amounts of lactate from simple carbohydrates and concomitantly can
withstand a high degree of acidity which is usually fatal to other bacteria for example
E. coli (Jernigan & Miles, 1985). Another example is the inoculating of chicks with
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the normal gut flora of adult hens, making them resistant to salmonellae infection.
This concept is known as competitive exclusion (Stavric, 1987).

The alteration of gut microbial metabolism by means of increased or decreased
enzyme activity.

The stimulation of immunity by means of increased antibody levells and increased
macrophage activity. In order for bacteria to have these kind of systemic effects it
may be necessary for them to migrate from the gut to the systemic circulation. It has
been shown that lactobacilli can translocate (Berg, 1983 as cited by Fuller, 1989) and
can survive in the spleen, liver and lungs for quite a time (Bloksma, 1981 as cited by
Fuller, 1989). These findings of a systemic effect on immunity indicate that
probiotics have the potential, not only to affect the balance of the gut flora, but to
influence the pathogenesis of diseases which occur in tissues remote from the
intestinal tract (Fuller, 1989).

Probiotics may have anticarcinogenic activities. The anticarcinogenic properties of
lactobacilli can be divided into three categories: a) the inhibition of tumour cells
(Reddy et al., 1973 as cited by Fuller, 1989) b) the suppression of bacteria which
produces enzymes such as - glucosidase, B-glucuronidase and azoreductase which

are responsible for the release of carcinogens from innocuous complexes.

What can be Expected with Probiotic Supplementation in Chickens?

The beneficial claims made for probiotic supplementation in chickens are numerous and

can be summarized in the following:

An improved growth rate in broilers (Yeo & Kim, 1997; Abdulrahim et al., 1999) and
body weight gain in laying hens during the laying phase (Nahashon et al., 1994b).
This is generally regarded as being due to the suppression of growth depressing
microorganisms (Fuller, 1992a).

An improved utilization of feed in broilers (Abdulrahim et al., 1999) and laying hens
(Grimes et al., 1997; Haddadin et al., 1996). This may be achieved by increased
efficiency of the existing digestive processes or by promoting the digestion of
previously indigestible substances. It has been shown that supplementation of Ent.

Faecium in chickens may allow them to digest cellulose (Fuller, 1992a).
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An increased feed intake in laying hens (Nahashon et al., 1994b) and broilers (Yeo &
Kim, 1997).

Increased egg production, egg weights and egg size but these are seldom significant
(Fuller, 1992a; Miles et al., 1981). Several studies have however found significant
increases in the level of egg production (Haddadin et al., 1996; Nahashon et al.,
1994b).

An increase in the total number of large eggs laid was found in several studies
(Cemiglia et al., 1983; Nahashon et al., 1994b; Grimes et al., 1997).

Improved health. This includes resistance to infectious diseases either by direct
antagonism or by the stimulation of immunity (Fuller, 1992a).

Improved nitrogen and energy utilization in broilers (Mohan et al., 1996) and higher
protein digestibility in laying hens (Grimes et al., 1997).

Improved shell quality in layers when marginal levels of calcium are fed (Bolden &
Jensen, 1985). Improvement in shell thickness due to an increase in calcium
assimilation (Mohan et al., 1996).

Improved internal egg quality (Haddadin ef al., 1996) and improved retention of
calcium, fat, phosphorus, copper and manganese in laying hens (Nahashon et al.,
1994a; Nahashon et al., 1994b).

A reduction in the total cholesterol content of egg yolk and blood serum (Mohan e?
al., 1996; Abdulrahim et al., 1996, Haddadin et al., 1996).

Decreased ammonia production in the gut. Ammonia (including the ammonium ion)
produced from amino acid degradation in the body is converted to uric acid in the
chicken. A significant amount of uric acid is excreted in the gastrointestinal tract and
hydrolyzed into ammonia by microbial urease. Ammonia, one of the microbial
products that is known to be harmful to all animals, may enter the bloodstream and
exert toxic effects. Dietary probiotic supplementation may suppress the growth of the
bacteria that produce urease. This may indirectly lead to an increase in feed intake
and weight gain in chickens (Yeo & Kim, 1997).

A reduction in mortality within 24 hours after hatching by spraying eggs with

microencapsulated lactic acid bacteria (Sefton, 1998).
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