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Abstract - On the basis of improving effects of antibiotic growth promoters in pigs and poultry
being mediated through their regulating influence on the gastro-intestinal flora, a number of alternative
additives and feeding strategies are reviewed. Nutrient absorption is facilitated by dietary incorporation
of suitable enzyme preparations, thereby decreasing intestinal disorders and upsets. As a result, performance is improved, particularly in juveniles. Microbial preparations (probiotics) have also been
claimed as alternatives to growth promoters of antibiotic type. However, the efficacy of probiotic preparations seems to be less consistent than the use of antibiotic-type preparations. Dietary acidifiers
have also been proposed. Furthermore, the choice of ingredients and their technological treatment
should also be considered as a strategy to tailor diets according to the specific capacity and requirements of the animal group. Recently, feed induced formation of lectins or peptides has been proposed as an efficient method to prevent diarrhoea in pigs by their action on the central regulating
system of intestinal fluid secretion. Finally, the environmental and management conditions of the production systems are of very great importance to secure a safe development of animals. The need for
more research in the area of alternatives to antibiotic-type antibiotics is emphasised. (&copy; Elsevier /

Inra)
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Résumé - Les promoteurs de croissance dans l’alimentation des porcs et des volailles.
IIL.Alternatives à l’emploi des antibiotiques. Après un bref rappel du processus de digestion chez
les espèces monogastriques, l’article décrit les divers additifs qui peuvent être proposés dans l’alimentation des porcs et des volailles comme alternatives à l’emploi des antibiotiques, agents promoteurs de croissance. L’incorporation d’enzymes peut améliorer, dans des situations définies, les capacités digestives des animaux, notamment des plus jeunes. Les enzymes permettent une meilleure
utilisation des nutriments en rendant possible leur absorption au niveau du tube digestif. Elles limiteraient par leur action, l’incidence et la sévérité des déséquilibres intestinaux. Les probiotiques
(préparations microbiennes) peuvent aussi affecter avantageusement les performances animales.
Cependant, leur efficacité demeure variable et dépend de nombreux facteurs liés à l’état physiologique,
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nutritionnel et sanitaire des animaux ainsi que de facteurs liés à la viabilité et à la stabilité génétique des microorganismes qui entrent dans leur composition. Les acidifiants alimentaires ont également
été proposés comme alternative. Le choix des ingrédients et de leur traitement technologique pourrait aussi être envisagé comme stratégie pour améliorer les régimes en fonction des capacités et
besoins des animaux. La formation de lectines ou de peptides induite par l’alimentation préviendrait ainsi les risques de diarrhées chez le porc en agissant sur le système nerveux central de régulation de la sécrétion intestinale. Les conditions environnementales et de gestion des systèmes de production sont également d’une importance majeure pour assurer un développement adéquat des
animaux. (@ Elsevier / Inra)

promoteur de croissance / antibiotique / porc / volaille / additifs

1. INTRODUCTION
As a background to this section, the digestive systems and events in pigs and poultry
are briefly described. The gut flora has fascinated scientists for more than 100 years
and the importance of its stability for the
healthy development of a species was
obvious before the introduction of the terms
probiosis/probiotic. The nutrient environment is another area that has an impact on
gastrointestinal events. Since the supplementation of enzymatic preparations became
economically feasible, such supplements
might be tools to improve animal performance and avoid health disorders. A deep
knowledge of interactions between the gastrointestinal milieu and central mechanisms
regulating gut health opens new ways of
controlling animal health by balancing the
dietary supply of lectins.

1.1.

Digestive system of monogastric
animal species

The digestion of food and feeds involves
series of processes along the gastrointestinal tract, by which dietary components are
broken down into smaller particles to facilitate solubilisation in order to make absorption possible. This is accomplished by a
combination of mechanical and enzymatical
processes along the tract. Microorganisms
are more or less, and according to animal
species, involved in digestive activity. The
a

function of the mouth is chiefly to disintegrate the ingested feed by mastication, to
lubricate it for the process of swallowing
and simultaneously to contribute to a regulation of the pH of the ingested feed by the
saliva produced in order to control the
microbial activity in the stomach. In the
mouth, saliva and saliva mucins selectively
inhibit the binding of food lectins to the
teeth and mouth cavity, thereby minimizing
agglutination and adherence of bacteria to
the teeth [97]. Poultry have no teeth, they
swallow their feed whole. Any grinding of
the feed occurs by grit in the gizzard. The
crop is a semi-batch lactic acid fermentation storage compartment situated cranially
to the gizzard and is specific to birds, as also
is the proventriculus localized between the
crop and the gizzard. This is an enzymeproducing organ, which corresponds to the
gastric enzyme and HCI production in the
stomach of for example the pig and also of
man. In the proventriculus and the gizzard of
birds, the pH is very low [8].
The extent of digestive action in the stomach varies between animal species. The
predominant digestive components in the
stomach secreted by the gastric mucosa are
HCI and pepsin, which are aimed at hydrolysing protein into polypeptides. In many
monogastric species, carbohydrates are fermented into lactic acid and volatile fatty
acids by gastric microbial fermentation. The
extent of this microbial action varies greatly
between species and also reflects feed environment as a microbial substrate.

As in most other mammals, stomach
emptying in the pig is brought about by
contractions passing down the pyloric region
into the duodenum. Nervous and humoral
feedback mechanisms, largely in the duodenal region, regulate the ingesta passage.
Factors that trigger gastric emptying are the
volume of its content and dietary composition. The rate of ingesta passage through
the small intestine is very fast and it slows
down successively along the small tract.
Regularly it takes 2.5 h for a given particle
to pass the small intestine. At this high speed
of digesta passage it would be difficult for
microorganisms to colonize this region. The
epithelial cell layer is continuously regenerating, therefore microorganisms can colonize the small intestine only if their proliferation rate is faster than the sloughing rate

[61].
The small intestine is the primary site for
absorption of amino acids, saccharides,
lipids, vitamins and minerals. Carbohydrate
digestion occurs mainly as a result of
enzymes produced by the small intestine.
The breakdown products absorbed are glucose, galactose and fructose. Birds lack the
capacity to break down lactose as they do
not produce lactase. In most mammalian
species, lactase production decreases with
the development of the animal. As mentioned earlier, part of the protein digestion
occurs in the stomach. A further digestion of
protein occurs in the small intestine by the
action of pancreatic trypsin, chymotrypsin
and carboxypeptidases forming peptides and
amino acids to be absorbed in the small
intestine. Nucleoproteins are digested by
intestinal nucleotidases and nucleosidases
formed by the small intestine. Lipids are
broken down by lipase chiefly formed by
the pancreas and are absorbed as fatty acids
and glycerol. Of minor importance is the fat

absorption as glycerides.
Following solubilisation, minerals and
vitamins are predominantly absorbed in the
small intestine.

1.2.

Importance of the gut flora

important of the
symbiotic organisms breaking down carbohydrates and which predominantly occur in
the hind gut of monogastric animal species.
This symbiosis, which corresponds to the
fermentation processes of cattle, sheep etc.,
also gives monogastric animals the advantage of breaking-down complex structures,
and also to synthesize essential nutrients
Bacteria

are

the most

such as vitamins and amino acids. The environmental conditions in the hindgut are critical for the host animal mainly from two
aspects. In order to optimize the conditions,
including those for the microorganisms, with
respect to an appropriate function of the processes in the hind gut, a certain amount of
nutrients and bulk (indigestible organic matter) is needed, which has to be considered in
the feeding strategy. Secondly, the feeding
strategy has to take into account the enzymatic capacity of the animal, implying avoidance of overloading the digestive system
and the abduction (transfer) of unutilized
nutrients from the small intestine into the
distal part of the gastrointestinal tract, i.e.,
the caecal and colonic region. An unregulated nutrient flow would create uncontrolled microbial proliferation and overgrowth,
causing problems to the host animal, e.g.,
in horses developing the most common type
of colic.

2. FEED ADDITIVES WITH
ENZYMATIC PROPERTIES

Historically, the feed industry has been
reluctant to include barley in broiler diets.
The relatively high fibre content associated
with the high hull content, predominantly
occurring in winter barleys, has earlier been
claimed to be one reason. Theoretically, this
should pose no substantial problem as chickens as well as pigs compensate for the
lowered dietary energy concentration by an
increased feed intake. Unfortunately, barley, like oats and rye, may contain soluble,

non-digestible carbohydrates, such as (3-gluand arabinoxylans, which create problems in growth performance by their high
water-binding capacity, thereby increasing
morbidity, mortality and wet litter condition in poultry.
cans

plify their potential. With respect to the great
number of published data, this table represents only a limited part of the work performed in this area. Even though there is a
vast body of information, details on the
mode of action are still lacking. Obviously,
more research is needed to develop more
to find efficient combinations of enzyme preparations suitable
for individual and compounded feeding
stuffs. Moreover, methods should be developed in order to protect the potential of these
preparations until they are expected to act.

potent enzymes and
2.1. Mode of action

by enzymatic

preparations
It has been demonstrated in broiler chickens that soluble fibre components decrease
feed intake by lowering the rate of feed passage, thus lowering performance results [ 18,
19, 32, 34, 44, 110]. According to these
authors, impaired water retention in the gastrointestinal tract results in sticky droppings,
followed by impaired litter condition and
decreased hygiene and an increase in mortality. Furthermore, high viscosity cereals
lower the rate of starch disappearance from
the small intestine [44], affecting the microbial flora in the distal gastrointestinal tract.
Another important feature of supplementing enzymes is their capacity of making
nutrients available to the animal, which
otherwise would not be utilized. Furthermore, the improved utilization of feedingstuffs and lowered excretion of nutrients
following enzyme supplementation has
implications from the environmental point of
view by limiting nutrient discharge. Quantitatively, enzymes attacking carbohydrates
(carbohydrases) belong to the most important group of enzymes, compared with proteases and lipases. In his thesis Inborr [53]
has summarized the mode of action of carbohydrate degrading enzymes in pig starter
diets (figure 1
).

2.2.

Impact of cereal bases and enzyme
supplementation in pig diets

Nutrient digestibility and performance
responses in pigs by enzyme preparations
have been reviewed (table 1) in order to examine their quantitative effects and to exem-

By supplementing high viscosity barley
with

(3-glucanase,

Thomke et al.

[1)1]]

improved piglet organic matter digestibility
and animal growth rate. Newman et al. [88]
tested bacterial diastase and reported an
improved nutrient digestibility of hulless
barley as well as growth performance in
growing pigs. Administering viscous polysacccharides to the diet of pigs was shown to
increase pancreatic exocrine secretion and
rate of gastrointestinal feed passage [16].
Graham et al. [41observed improved ileal
and total tract digestibility of barley by supplementing (3-glucanase/pentosanase when
testing on growing pigs. By supplementing
a rye-based diet with pentosanase, Thacker
et al. [108] were able to report a tendency
towards an improved average daily growth
rate in growing pigs (table n. These authors
concluded that soluble pentosans did not
appear to pose as large a problem for pigs as
they do for poultry.
The effect of enzyme treatment of the
cereal part in a piglet diet and the dietary
supplementation of enzymes on growth performance and incidence of diarrhoea was
assessed by Inborr and Ogle [57] (table 0.
Post weaning daily weight gains were
slightly higher for the diet based on cereals
pretreated with carbohydrate degrading
enzymes as compared with a negative
control. Bedford et al. [11] observed that
p-glucanase supplementation of a pig starter diet based on hulless barley significantly
improved the apparent protein digestibility

over the entire small intestine and tended to
reduce ingesta viscosity. A slight, but significant (P < 0.05), decrease was observed in
the incidence of diarrhoea in the experimental group compared with the control. In
one of two piglet performance tests, B6hme
[14] demonstrated a significant (P < 0.05)
improvement in performance. In both experiments, the incidence and severity of diarrhoea was reduced, indicating that the
enzyme supplementation had a beneficial
effect attributable to a stabilizing effect of
the enzymes included in the piglet diets.

superior to those observed in growingfinishing pigs, which seems plausible with
respect to the development occurring with
age in the gastrointestinal tract. In accordance with what may be expected, enzyme
responses at the precaecal level to dietary
enzyme supplementation are superior to
those observed for the total tract. For piglets,
an average feed efficiency-response by
enzymes of approximately 4% may be calculated, whereas for growing-finishing pigs
this value averaged about 2% for feed efficiency as well as for energy digestibility
are

(GE).

monitoring the effects of enzyme
supplementation the responses in organic
matter and energy digestibility as well as in
feed efficiency may be useful measures.

2.3.

Growth rate seems to be inferior since this
trait may be affected by feed intake [ 110].
When quantitatively evaluating the information compiled on pigs in table I, it seems
likely that piglet feed efficiency-responses

The stage of ripeness of barley at harvest
has earlier been demonstrated to affect performance of broiler chickens [110]. This
condition was demonstrated to be overcome

For

Impact of cereal bases and enzyme
supplementation in poultry diets

by supplementation of barley diets with
(3-glucanase [45, 46]. The improved performance results with barley harvested at the
stage of full ripeness versus early ripeness
were

demonstrated to be related to the
of barley as a measure for

extract viscosity
the content of

p-glucans.

In comparing wheat, rye and three diffecultivars of triticale as cereal bases in
broiler chicken diets, Pettersson and Aman
[94] noticed remarkable differences in bird
performance, with the poorest results on rye
and the best on wheat, with triticale in between (table In. On all cereal bases, this
investigation also included a treatment with
the supplementation of an enzyme preparation with pentosanase, (3-glucanase and some
other enzyme activities. For the wheat-based
diet the enzyme effect was limited and statistically non-significant, whereas for all
other cereal bases the overall enzyme supplementation effect on performance and feed
intake was significant (P < 0.001).
).
rent

Recently, by dietary supplementation of
glucanase, Choct [17] demonstrated an
improvement of AME (apparent metaboli-

zable energy) in wheat by 24% and commented that it is now generally conceded
that the occurrence of low-ME in wheat is
due to an increased level of NSP (non-starch
polysaccarides), and of arabinoxylan in particular. This author also quotes Australian
work according to which 25% of wheat
samples had an AME-value < 13 MJ per kg.
Furthermore, by investigating the variation
in ME-values in UK wheat samples,
McNabb [81]reported a difference of 2 MJ
per kg DM and suspects that the content of
NSP causes the variation and that this, in
turn, is related to the content of arabinoxylans in wheat. Therefore, this author expects
positive responses by supplementing wheatbased poultry diets with (3-glucanase and

xylanase.
By supplementing a basal broiler chicken diet with NSP causing high viscosity
in the gastrointestinal tract, Choct et al. [18]
tested the effect of an enzyme (glucanase)
preparation on bird performance, intestinal
ingesta viscosity, fatty acid concentration
and microbial activity and dietary AME.
NSP inclusion lowered growth performance
and feed efficiency of the birds and dietary

AME. This investigation corroborates earlier
work and demonstrates that increased fermentation occurs in the small intestine when
large amounts of viscous NSP are included
in the diet, which is detrimental to the performance and well-being of poultry. These
results are in line with views put foreward by
Bedford and Morgan [10] indicating that
enzyme additives mainly act by reducing

digesta viscosity.
Elwinger and Tegl6f [35] demonstrated
in one investigation that the incidence of
necrotic enteritis in broiler chickens could be
lowered by the dietary inclusion of an
enzyme preparation, whereas in a more
recent report by Elwinger et al. [30], caecal Clostridium perfringens counts were not
affected. As a side-effect, an improved litter
condition with better bird hygiene and lowered ammonia emission can be expected [31].].
References on nutrient digestibility and
performance responses in poultry by dietary enzyme supplementation have also been
compiled (table III). There is a tremendous
variation in responses, which demonstrates
the complexity of finding efficient combinations of enzymes under the differing circumstances in nutrient supply. An example
of this may be the Polish work by Alloui et
al. [3], in which six lupin varieties were supplemented with different enzyme preparations, giving an average enzyme response
in AME of 10%. NDF digestibility of lupins
was significantly improved between 2 and
21%. Surprisingly, growth responses in broiler chickens fed diets including the same
batches of lupins to enzyme supplementation
could not be observed. Similarly, Australian workers [4] were unable to reveal any
enzyme related responses on performance
in broiler chickens fed diets incorporated
with lupins. Of interest beyond cereals, is
the work by Slominski [104] with rapeseed
meal as the principal feedstuff. Adult birds
responded to enzyme supplementation with
an increase in the AME by 9.7% (table Ill)
An important issue in future diet formulation is the inclusion of more specific

enzymes, which is

likely to become more
only in order to solubilize
cereal carbohydrtaes, but also NSP (nonstarch polysaccharides) of grain legumes
like lupins (with 36% NSP of DM), peas
(35%), soyabeans (30%) etc. According to
Choct [17] an important portion of the
potential energy of these types of feedstuffs
has to be broken down by microbial fermentation in monogastric animal species,
thereby causing a drop in the efficiency of
common, not

energy turnover, but also risks for upsets in
the digestive tract.
A successful

use

of proteases has been

reported by Pettersson [93] in diets for early
weaned piglets.
By evaluating the experimentation in
table III on cereals as principal feedstuffs
for broiler chickens and their responses to
enzyme supplementation on feed efficiency
one arrives at an estimated average improvement by 4%, which agrees fairly well with
the extensive compilation by Kronseder

[66].
In a broiler chicken experiment, Elwinger
and Tegl6f [35] tested barley-based diets
without and with the inclusion of an enzyme
preparation and without and with the supplementation of virginiamycin. The outcome demonstrated a significantly improved 35-day performance as a result of both
enzyme and virginiamycin supplementation
(table IV). The effect of enzyme supplementation was greater when testing without
the inclusion of virginiamycin than with.
By the supplementation with enzyme mortality, incidence of sticky droppings and litter condition were greatly improved. By
including virginiamycin in the diet the effect
of the enzyme preparation was not significant for growth rate and very limited for
feed efficiency. Nevertheless, there was an
effect on water intake and litter condition.
This experiment demonstrates that part of
the beneficial effects achieved by virginiamycin could be obtained by the dietary
enzyme inclusion. The interaction observed
between enzyme and virginiamycin sup-

plementation is corroborated by the results
of Kronseder

[66].

In a wheat-soybean oil diet, Miles et al.
[83] tested the effect of enzyme and virgi-

niamycin supplementation singly or synergistically on broiler chickens. Best performance

results

were

obtained for the enzyme

supplemented singly or in combination with
virginiamycin. The enzyme supplementation also lowered the viscosity of small intestine ingesta. There were no health problems
observed in this experiment, probably as a
result of using wheat as the cereal basis, in
contrast to the barley used in the investigation by Elwinger and Tegl6f [34].

Vranjes and Wenk [114] studied the
influence of an enzyme complex combined
without and with antibiotic (flavophospholipol) supplementation on nutrient utilization and performance of laying hens fed a
diet based on winter barley (40%). The
enzyme significantly increased dietary
AME, organic matter and NDF digestibility. The antibiotic had no influence on
energy value or nutrient utilization. There
were no significant treatment effects observed on egg production.
The effects of combining enzyme supplementation (combination of 0-glucanase
and pentosanase) with salinomycin on growing pigs fed barley- or rye-based diets has

been investigated by Thacker et al. [109].
Neither enzyme nor salinomycin, alone or in
combination, significantly improved the
growth rate or feed efficiency of pigs fed
barley or rye. The digestibility of crude protein was significantly improved by salinomycin. The lack of, or lower response of,
dietary enzyme supplementation on pig performance demonstrates a species-related
difference compared with birds, i.e., poultry,
and particularly birds < 3 weeks of age
respond more effectively to enzyme sup-

plementation.
2.4.

Lactoperoxidase in calves

The above-mentioned enzymes are added
in order to improve nutrient availability in
the gastrointestinal tract. In contrast to these
enzymes, naturally-occurring enzymes with
antimicrobial effects may be addressed as
alternatives to traditional growth promotants. The lactoperoxidase system (LPS) is
intimately associated with the antibacterial
activity of bovine milk [99]. By supplementing LPS to calves in the early stage of
development, the animals being sensitive
to bacterial and viral infections and often
suffering from diarrhoea, this author
demonstrated significantly improved weight
gains of calves as well as lowered incidence
of diarrhoea.

2.5. Environmental implications
of enzyme supplementation
It has been pointed out in an earlier section that the effects of enzyme supplementation are generally to enforce the animal’ss
own nutrient degrading capacity and/or to
complement it. This means that a greater
share of the nutrients supplied in the feed
than in the unsupplemented diet is solubilized in the gastrointestinal tract and hence
made available for absorption by the animal or to be attacked by microorganisms
along the tract. The animals respond to the
improved nutrient supply by increased
growth rate as well as by improved feed
efficiency. Simultaneously, the higher rate of
nutrient absorption leads to a lowered output
of these with animal voidings and is, therefore, also an advantage from an external
environment point of view.
In terms of improved digestibility and
feed efficiency a fair estimate for the improvement by enzyme supplementation for
young pigs and poultry according to the literature reviewed above would be approximately 3-4%. Calculating with an average
digestibility of organic matter in cerealbased diets for these animal species of 80%,
one arrives at a decrease in animal nutrient
voidings by 15-20%.

3. PROBIOTICS
3.1. Definition

of a probiotic preparation

Originally the term probiotic was introduced for a substance secreted by a microorganism to stimulate the growth of another
organism. It meant the exact opposite of the
term antibiotic. Later, the term has been
widened to include organisms and substances that contribute to improved animal
health and intestinal microbial balance. Fuller [37] recently redefined probiotic as live
microbial feed supplement that beneficially
affects the host animal by improving its
intestinal microbial balance. Probiotics may
contain one or several strains of microor-

and may be presented to the animal in the form of solitary microbial additives or mixed with different substances and
are distributed to the animal orally as powders (in water or in feed) or directly as
tablets, granules or pastes. The probiotics
can be given as viable organisms in wet
form, frozen or freeze-dried. However, the
viability of preparations varies greatly
depending on the type of organism, its preparation and treatment post-propagation,
including feed processing and storage.

ganisms

The beneficial claims made for probiotic
supplementation are numerous and include
improvement of growth rate of farm animals, improved utilization of the food,
improved milk production by dairy cows
and improved egg production. Probiotics
may also directly or indirectly improve animal health [37].
3.2. Gastric and small intestine
microbial flora
The main areas of microbial interference
in the bird are the crop, the first major site
for colonization following the ingestion of
microorganisms, and the caeca, as the primary colonization site for a number of
pathogens including Salmonella and Cnm/;’y/!/;’oc?6’r. Corresponding sections of the
gastrointestinal tract in the pig are the stomach, small intestine and to some extent
the hind gut region.
The foregut (stomach and small intestine) of the pig is colonized by a relatively
rich microbial flora and the stomach ingesta
of a healthy pig contains 10!-109 bacterial
organisms per g. As the relatively low pH of
the stomach only has a limited destructive
effect on its microbial population, bacterial
numbers found in the small intestine are
generally also high. The microbial flora
occurring in the foregut is dominated by lactic acid forming bacteria (LAB) Lnctobacillu.s and Streptococcus spp. These organisms are found in the digesta and attached
to the epithelium !61].
].

3.3.

Hindgut microbial flora

There is a difference in the composition
of the microbial flora in the caecum and the
colon with Gram-negative dominating the
former and Gram-positive dominating the
latter. There are several circumstances that
enable the LAB microflora to dominate
within the digestive tract of the pig. The lactic acid fermentation in the stomach is facilitated by a relatively high pH and by the
inoculation with the specific flora of the
ingesta in the pars oesophagea of the stomach. Both the lactic acid formed in the stomach by microbial fermentation and the low
pH in the pylorus as a result of the HCl-production in the stomach have been claimed to
reduce the number of bacteria passing into
the small intestine. Similarly, in the bird,
microorganisms that survive the low pH in
the gizzard generally multiply in the small
intestine. In young animals, the digestive
ecosystem is often less stable than in older
animals, thus in the former class of animals
opportunistic pathogens more easily invade
the digestive tract than in older animals.
The study by Robinson et al. (1981 cited
by Stewart and Chesson [ 106 1) revealed that
about 80% of the cultivable caecal bacteria
in the healthy pig were Gram-negative. The
relative proportions of the predominant species are shown in,figure 2.

3.4. Mode of probiotic action
As modes of action of probiotics it has
been suggested that the indigenous microflora and the introduced probiotic out-compete the pathogen as discussed in terms of
colonization resistance (Hentges (1992)
cited by Conway [20]). The fatty acid metabolites, predominantly lactic and acetic acid,
produced by the LAB are inhibitory to the
growth of pathogens. However, the efficacy
of these components in controlling pathogens has been questioned [61]since the
acids are inhibitory only in the undissociated state, which occurs at low pH. The pH in
the small intestine of pigs and birds seems to
be too high to allow the fatty acids to be
inhibitory at their full potential in vivo.

Some microbial probiotic strains have
been shown to produce inhibitory components other than the short chain fatty acids.
This type of larger proteinaceous compounds are referred to as bacteriocins
(Kleenhammer ( 1988) cited by Conway
[20]). However, questions are raised if these
components can be produced and are functioning in vivo. There are numerous gut bacteria which have been shown to have inhibitory effects on E. coli. Similarly, numerous
Lactobacilli spp. isolated from the gut of
pigs have been demonstrated to produce
high molecular mass components, which

inhibitory effects on a range of Gramnegative and Gram-positive pathogens. A
problem is, however, that strains frequently
lose their capacity to produce these compoexert

nents

[20]. Furthermore, it has been demons-

trated that piglet ileal digesta contents
contain heat labile components, which have
growth-inhibiting effects on E. coli. A prerequisite of intestinal development of pathogens is their adhesion to the gut wall. It has
been shown in vitro that probiotic strains
may produce metabolites that inhibit the
adhesion of the pathogens (Blomberg et al.
(1992) cited by Conway [20]), but this has
not yet been demonstrated in vivo.

3.5. Problems in

evaluating probiotics

The type of diet and the amount of
nutrients are important for the development
of the intestinal microflora. Lactobacilli,
having a complex nutrient requirement,
seem thus to be more sensitive to the gut
nutrient milieu compared with, e.g., E. coli
[61].Starvation survival capacity of Lactobacilli spp. of digestive origin in the total
absence of nutrients seems to be excellent.
It is hypothesised that the starvation survival
mechanisms of Lactobacilli have a very low
threshold for nutrients, beyond which
growth is initiated [61]. The probiotics can
be supplied to the animal orally, distributed in water or in feed.

The efficacy of probiotics has recently
been reviewed for birds [8] and pigs [20, 61,
106, 112]. The microbiology of the gut and
the role of probiotics have recently been further reviewed by Maxwell and Stewart [80].

According to Jonsson and Conway [61 ]
of the efficacy of probiotics in

assessments

vivo include studies of:
!

!

!

!

influence on the microflora in the digestive
tract, including pathogenic bacteria;
influence on the digestive tract, its function
and morphology;
performance and health of animals;
various effects where animals are used as

models for humans, e.g., anticholesterolaemic properties, stimulation of the
immune system and anticarcinogenic acti-

vity.
The type of probiotic preparation and the
time of its introduction and the persistence
would be of importance for effects induced
on the host animal. The active component of
a probiotic concept could be either a preformed active antagonistic substance or a
viable microorganism culture. The former
type seems to be the easiest concept with
respect to control dosage and monitoring
responses. The efficacy of the latter type of
probiotic preparations is much more complicated since many factors are involved in
establishing the microflora to colonize, e.g.,
the viability and genetic stability of the organisms of the preparation as well as their
effects on the gastrointestinal ecosystem.

3.6.

Efficacy of probiotics in pigs

As pointed out by Pollman [95] and again
recently by Jonsson and Conway [61 ] when
reviewing the literature on pigs, a great number of microorganisms have been tested as
probiotics (table V), part of which have been
isolated from the indigenous intestinal
microflora, whereas other organisms represent other origins. Species normally found
in the intestine of the pig are L. acidofilus,
L. fermentum, L. reuteri, Enterococcum faecium and E. faecalis. Lactobacilli are more
sensitive to pelleting and storage than, e.g.,
Streptococci and the spore-forming Bacillus
spp. There are important differences between strains regarding their characteristics
and ability to colonize.

According to the literature compiled by
Jonsson and Conway [61],it seems likely
that a number of probiotics in many instances affect the gastrointestinal microbial
flora, particularly in cases where the indigenous digestive tract flora has been disturbed. Not always would this balancing by
dietary probiotics have an improving effect

the health and performance of the host
animal. In cases when this stabilizing can
not be achieved, detrimental effects on
health and performance could be expected.
on

The efficacy of administrating probiotics is dependent on a number of circumstances, e.g., the physiological or health status of the animal, environmental factors such
as feed regime and microbial load. Improving effects are more often observed in neonatal animals and in pre- and post-weaning

piglets. In some herds long-term diarrhoea
has successfully been treated with Streptococci. According to the authors quoted
these circumstances point to the
fact that the digestive microflora may be
favourably influenced by the dietary inclusion of LAB, particularly in young animals.
Furthermore, it seems more likely to expect
probiotic response in situations of negative
stress of some kind. However, one has to
consider that the indigenous digestive florae

recently,

very potent in preventing other microorganisms from colonizing permanently.
In piglets weaned at the age of 2 days
Ratcliffe et al. [98] investigated the effect
of yoghurt and milk fermented with a porare

cine intestinal strain of L. reuteri on performance and gastrointestinal flora. Yoghurt feeding resulted in slightly inferior
piglet weight gain and significantly poorer
feed efficiency. It also depressed coliform
counts, whereas Lactobacillus counts along
the tract increased. L. reuteri gave results
similar to those obtained with yoghurt, but
the effects did not persist after withdrawal.
The authors concluded that the decrease in
coliform counts was a result of the low pH
produced by the lactic acid production in
all milk diets fed. In commenting these
results, one has to consider the bactericidal
effect of lactate on intestinal microbial flora
in addition to the pH effect.
In order to obtain more consistent effects
these two types of probioric preparations
much more basic knowledge is required in
the area of our understanding of the interactions in the digestive microbial ecosystem. As an example, Jonsson and Conway
[61]outline in figure3 the area of interactions between animal, diet, microorganisms,
digestion and the immune response as being
in need of better understanding.
on

A summarizing statement by Jonsson and
Conway [61 ] regarding the efficacy of probiotics in pigs may be cited: &dquo;From studies
to date it is feasible to postulate that pro-

biotic preparations could contain microbes
with the capacity to improve piglet health
by direct inhibitory effects on the enteropathogenic bacteria. The in vitro and in vivo
demonstration and characterization of inhibitory components will ensure functional
preparations. Identifications of adhesions
which mediate in vivo colonization will
allow better predictions if probiotic preparations have the capacity to colonize the
digestive tract. Probiotic strains with
demonstrable direct effects may also function indirectly by stabilizing the digestive
microflora at times when the ecosystem is
stressed. This latter vital role is restricted
until the complex interactions within the
digestive tract are better understood.&dquo;

3.7.

Specific types of phages in pigs

During the past decade bacteriophages
have again been advocated as a novel
method to control pathogens. By treatment
and prophylaxis, virulent phages have successfully been demonstrated to control
E. coli infections in mice and enterotoxigenic E. coli diarrhoea in pigs, calves and

lambs (Smith and Huggins 1982, 1983, cited
by Barrow [8]).

were

-2.3, -0.7, -2.3 and -2.7%. Similar

improving

results have been

reported by

[62] for toyocerin in growing pigs,
however, with the greatest promoting effect
Kahrs

3.8.

Efficacy of probiotics in poultry

In evaluating the great number of reports
the efficacy of probiotic organisms and
substances in poultry, Barrow [8] points out
a number of difficulties for a critical appraisal. The vast majority of results on the efficacy of probiotics in poultry is reported as
abstracts with essential information lacking,
e.g., on the identity of strains used and on
experimental design (e.g., [73]). In many
cases, non-avian Lactobacillus strains are
used which are known not to colonize. The
implantation in the gastrointestinal tract of
the strains used is rarely assessed. The
microbiological results in nutrition-oriented
papers are often poorly interpreted. A further
comment is that in a number of reports in
which performance and health could be
improved by probiotics, the general conditions seem to have been poor and non-representative with respect to production level
and morbidity. Moreover, Barrow [8] in his
review considers that some of the interpretations of the results are obviously over optimistic and arise mainly from a naive and
uncritical acceptance of the data or speculations of previous workers.
on

Probiotic preparations evaluated on broiler chickens in Sweden have demonstrated
only inconclusive results [29].

Nguyen et al. [89] reported improving
growth performance and feed conversion at
42 days of age in broiler chickens fed diets
either unsupplemented (A) or supplemented
with (B) flavomycin; (C) toyocerin (spores
of Bacillus toyoi); (D) paciflor (spores of a
Bacillus sp. stored at the Institut Pasteur) or
(E), a combination of B + D. For treatment
groups B-E the 42-day average weight gains
of the birds differed significantly (P < 0.01)
from the unsupplemented control A

(P < 0.01) by +1.8; +2.0; +2.5 and +2.8%,
respectively. Corresponding values for feed
conversion (kg feed/weight gain, P < 0.05)

in the first growing
the final phase.

phase compared

with

Recently, Mohan et al. [85] reported on
the effects of administering a probiotic mixture (L. acidophilus, L. casei, Bifidabacterium bifidum, Aspergillus oryzae and Torulopsis in descending order of concentration)
for broiler chickens with the inclusion of 0,
75, 100 and 125 mg/kg diet. Mean weights
at the termination (8 weeks) of the experiment were 1204, 1272, 1268 and 1210 g.
At ages of 4, 5 and 6 weeks, mean weights
differed significantly between control and
probiotic treatments. Feed conversion ratio
varied between 2.31 and 2.26 (kg feed/kg
WG). The dietary AME was not affected
by probiotic supplementation. However, in
evaluating this experiment, the relatively
limited growth performance in relation to
modern commercial strains with 8 weekLW of more than 2500 g should be considered.

According to Dunham et al. [22],
ratory and large-scale field

labo-

tests have

demonstrated significant benefits from the
treatment of young birds with host specific strains of L. reuteri, particularly when
the animals are subjected to environmental and/or pathogenic stressors. Treated
flocks consistently exhibited fewer deaths,
superior growth rates and improved feed
efficiency. These authors state that L. reuteri treatment confers these benefits through
CE (competitive exclusion) mechanism and
by modulating the newborn’s immune response. In comparison with control birds
these authors observed: longer ileal villi
and deeper crypts, a response associated
with enhanced T-cell function; suppressed
PHA-induced (phytohemagglutenin) epidermal DTH (delayed type hypersensitivity) reaction and, furthermore, increased
production of serum anti-salmonella IgM
antibodies.

An example of another type of probiotic
in a wider sense is the development of live
Salmonella vaccines for chickens. Linde et
al. [74] developed a method for optimally
attenuating Salmonella vaccines by using
two metabolic drift mutants deficient in the
production of essential enzymes.

According to the overview by Mead [82],
there are a number of commercial preparations available that successfully have been
used in the prophylaxis of Clostridium and
Salmonella infections in poultry. Recently,
Abu-Ruwaida et al. [1]confirmed the potential of this method against Salmonella. Also
Swedish experimental results when using
the probiotic Broilact
O have been promiswith
a
ing,
significantly lowered mortality in
one of the experiments and lowered caecal
counts of C. perfringens [33].
The prophylactic treatment against salmonellosis is based on the principle of early
establishment of an adult intestinal microflora in the young bird by supplying a suspension or anaerobic cultures of intestinal
material to provide necessary organisms in
the gastrointestinal tract thereby competiti-

vely excluding pathogen organisms. Young
birds given this peroral treatment rapidly
develop protection against a subsequent Salmonella challenge. Although there are theoretical risks in using undefined treatment
products to combat Salmonella infections
in poultry, these products, which are widely
spread, are appropriately controlled. However, criteria on which to select pure cultures of microorganisms for protective purpose are lacking at present and will remain
so

until

more

is known about factors influen-

cing Salmonella colonization at the cellular level and the protective mechanism(s)
involved [82]. According to this author,
future preparations will need to be selected
sound scientific basis and be more protective and more stable than those developed
so far.
on a

The complexity of Salmonella colonisation is exemplified by the effects of the supplementation of the antimicrobial avopar-

cin in Salmonella typhimurium infected chickens. Although individual intestinal microorganisms have been demonstrated to be
susceptible to this drug in vitro [7], different groups of researchers have reported
increased and avoparcin-induced Salmonella counts at the caecal level or in the
droppings [7, 51, 70]. These findings contradict those of Gustafson et al. [43], one explanation possibly being differences in the technique of transfer of Salmonella organisms,
or interaction with other feed additives
acting antimicrobially. In cases of natural
infection of the birds, Linton et al. [75] were
unable to observe any influence of avoparcin or monensin on Salmonella shedding.
On providing broiler chickens a diet
supplemented with a combination of avoparcin and monensin, Holmberg et al. [50] 1
and 2 weeks after challenge noticed higher
caecal counts and Salmonella infected livers
than straight avoparcin supplementation.
In summarising the literature on probiotics in poultry, Barrow [8] points to the
considerable importance of the microbial
flora in the avian gastrointestinal tract for
performance and animal health. Any imbalance in the gut flora could lead to the colonisation of pathogens or to a microbial flora
that might impair performance. There are
some probiotics (particularly Lactobacilli
spp.) that have proven beneficial effects on
performance, especially in young birds and
when stressed by adverse environmental
conditions. Elimination of wet droppings
and occluded vents were also observed in
some experiments as a result of dietary Lactobacilli administration. However, there are
also reports on uniformly negative results
of administrating Lactobacillus products on
egg production. Supplementation with Streptococcus spp. has often been reported to
give adverse effects on performance of growing birds. By administering L. acidophilus
it seems possible to lower enteric pathogens
(E. coli, Salmonella) but not to control them

completely.

3.9.

Specific types of phages in poultry

4.2.

Phages lytic for Salmonella typhimurium
have been isolated from poultry feed, excreta
and sewage [8]. According to this author,
such an approach would be interesting to
consider for Campylobacter and growth-

depressing organisms. Recently, Poppe

et

al. [96] observed 97% of Salmonella strains
isolated from a great number of laying hen
and broiler herds in Canada to be susceptible to the lytic effect of polyvalent bacte-

riophages.

In the search for feed additives with gut
as well as
inorganic acids have been proposed and used
since the 1950s. Citric acid has widely been
used in piglet diets, so also orto-phosphoric acid. Even HCI acid has been tested
[101]. Recently, H6hler and Pallauf [47]
demonstrated an improved Zn-absorption
by the inclusion of1 % citric acid in piglet
diet. Broz and Schulze [13] noticed an

pH stabilizing effects, organic

improved organic matter digestibility by
including 0.5-2% citric acid in early weaned
piglet diets.

4. EFFECTS OF VARYING FEED

INGREDIENTS
4.1. Fermentable

Dietary acidifiers

carbohydrates

For the survival and the adhesion of the
at the
gut cell level the necessity of a suitable
nutrient environment in the gastrointestinal
tract has been pointed out by several authors
(e.g., [8, 61, 82, 106]). By reviewing the
literature on dietary administration of fermentable carbohydrates as to manipulate
the normal intestinal flora, Barrow [8] pointed out several reports in which the supply
(via the feed or via the drinking water) of
e.g., lactose or mannose decreased caecal
pathogen counts (e.g., Salmonella typhimurium) by stimulating the lactose fermenting
flora inhibiting the growth of pathogenic
bacteria and reducing the severity of infection with Eimeria.

microbial, including probiotic, flora

In an experiment with broiler chickens,
Stanley et al. [105]tested the dietary admixture of 0.2% lactose on bird growth rate and

caecal total bacteria coliform counts. In com-

parison with the control diet without incorporation, the admixture of lactose improved (however, statistically non-significant)
the final live weight at 3 weeks of age by
6%. The caecal coliform counts were drastically decreased from 5.98 log
lo in birds
fed the control diet to 3.8 log 10by the admixture of lactose.

The inclusion of formic acid

0.6, 1.2, 1.8 and 2.4%) and Ca-

(FA,
or

at

0,

Na-for-

miate into

piglet diets has been investigated
quite extensively by Kirchgessner and his
group. As reported by Roth et al. [100] stomach pH and stomach DM content was not
affected, whereas pH in the small intestine,
caecum and colon increased in proportion
to the dietary FA level. Digesta DM content
increased distally with the inclusion of FA.
At the two highest FA levels the concentration of digesta VFA (volatile fatty acids)
decreased. By including 1.25% FA or 1.8%
Ca-formiate into piglet diets Bacteroidaceae spp. and E. coli counts along the small
intestine decreased, whereas simultaneous
inclusion of NaHC0
3increased the microbial counts [65]. As the main active mechanism of organic acid supplementation on
gut flora microbiology, Eidelsburger et al.
[27] point out the anions of the organic
acids. These authors tested also HCI (1.4%
admixture), but found it to have a depressive effect on piglet feed intake and performance. NH
-fonnation in the stomach, small
3
intestine and colon was significantly limited
by 0.6 and 1.2% FA [28] and HCI or fumaric acid inclusion [101]. In addition to these
effects, Eckel et al. [24] reported a lowering
effect on caecal digesta concentrations of
cadaverin, putrescin and spermidin. Similarly, Mosenthin et al. [87] observed a significantly lowered caecal digesta cadaverin
concentration when admixing 2% propio-

nic acid in a growing pig diet. These authors
also observed a significantly improved ileal
digestibility of some essential amino acids as
a result of propionic acid admixture. FA
levels > 1.2% have been demonstrated by
Grassmann et al. [42] to have adverse metabolic effects by changing blood serum and
liver aminotransferase activity as well as
increasing blood serum urea concentration.
In a 41-day feeding experiment with
piglets (28-day-old at the start) fed diets
admixed with either 0 (control), 0.6, 1.2 or
1.8% FA, Eckel et al. [25] improved piglet
feed intake (in % over the control) by 14,
13 and 4%, respectively, average daily
weight gain by 22, 22 and 5%, respectively,
and feed efficiency by 6, 8 and 1 %, respectively. The incidence of diarrhoea was significantly decreased by FA [23]. The highest

level of 2.4% FA inclusion exerted negative effects on performance.

4.3. Protein

sources

In the Swedish pig and poultry industries
the dietary levels of protein have steadily
decreased during the 1980s in order to
minimize intestinal disorders, but also to
decrease the external environmental load
via animal production. This has been possible since several crystalline amino acids
are available at competitive price levels.
There have been indications that animal protein sources are more prone to give rise to
digestive tract problems than non-animal
protein sources in both pig [38] and poultry [29] production. Part of these negative
responses to dietary protein level seems to be
related to gastrointestinal allergic reaction by
the animals to certain protein structures [84].
In some of the experiments with broiler
chickens, the exclusion of animal protein
feedstuffs resulted in a lowered incidence
of necrotic enteritis, whereas this was not
consistently observed in subsequent experiments [29]. These authors occasionally
found higher mortality following inclusion
of fishmeal than inclusion of meat and bone
meal in broiler diets.

With respect to the dietary cereal supply,
Kaldhusdal [63] pointed out that a high level
of maize in broiler chicken diets gave protection against necrotic enteritis, whereas
barley and wheat were identified as risk factors.

Rapeseed meal had earlier been claimed
to lower bird

gut health [91, 92]. When stuthe
caecal
C. perfringens counts and
dying
the incidence of necrotic enteritis, Elwinger et al. [29] were unable to observe any
negative effects. However, in this investigation all diets were supplemented with a
coccidiostat having antibacterial effects as
well.
4.4. Unmilled wheat
The development of the bird gizzard is
influenced by the dietary physical structure,
implying that also digestive enzyme secretion could be affected, thereby triggering
development of the gastrointestinal flora.
Part of the dietary cereals may, therefore,
be supplied unmilled without affecting broiler chicken performance [35]. No differences
in bird health were observed. However, bird
water intake was significantly lowered by
supplying 20% wheat mixed unmilled with
the crumbled pellets, resulting in an improved litter condition, which might imply a
safer and more stable hygienic state for the
birds. To-day, the whole wheat concept in
broiler chicken diets is commonly accepted
in Northern Europe [64]. In Canada, Bennett
et al. [12] arrived at a similar conclusion
that pelleting all the wheat in broiler chicken
rations is unnecessary, because bird performance is unaffected by feeding up to 30%
whole grain in the finisher diet.

4.5. Fibre and lectins
As mentioned

earlier, soluble fibre types
(e.g., (3-glucans, arabinoxylans) affect gut
function and bird health.

Elwinger et al. [29]
attempted to evaluate the supplementation of

particulate fibres (oat hulls and potato fibre
products) on gut health of broiler chickens.
However, the birds in this experiment suffered from an outbreak of necrotic enteritis
and therefore had to be treated with antibiotics. No differences between fibre supplementation on the counts of C. perfringens could be observed.
The incidence of post-weaning diarrhoea
pigs has been demonstrated to be related
to the dietary content of fibrous components

in

[6]. This has been confirmed in Swedish
G6ransson et al. [39]. A
30% decrease in the incidence of post-wea-

experiments by

ning diarrhoea was observed as a result of
the inclusion of plantago polysaccharides
or beet pulp fibre. However, this might be,
at least to

some

extent,

a

cosmetic effect.

sonal

communication), peptides which

are

in the central nervous system
and accumulated in the anterior part of the
pituitary gland [60] and which inhibits
pathological secretion induced by enterotoxins [67]. AF seems to be of importance in
the defence against diarrhoeal diseases [40,
67,69]. In pigs a very minute amount of AF
(only 1 picomole) causes a substantial reduction in enterotoxin-induced intestinal secretion, i.e., induced by verotoxin and E. coli
heat labile toxin [69]. The AF is passively
transferred via sow’s milk to the piglet and
is present in nursing piglet blood irrespective
of a challenge [103]. Soon after weaning,
the AF-blood level decreases, but increases

synthesized

again following weaning. Piglets suffering
from diarrhoea have lower blood plasma
AF-concentrations than healthy littermates
[77]. Similarly, the viscosity of droppings
of broiler chicken at slaughter after transportation was found to be related to the
blood plasma AF-concentration [68].
The efficacy of using AF-inducing diets
has been demonstrated in large commercial
units [40]. AF-induction via drinking water
is an alternative, as demonstrated in a split
litter experiment with significantly increased
AF plasma-concentrations (table VI; [39]).
These authors explain the lower daily weight
gains of the control group of piglets in the
first week post-weaning by postulating subclinical intestinal disorder and point to the
relationship between performance results in
the first week after weaning and plasma AF-

There is an interrelationship between certain naturally occurring or added feed ingredients such as lectins and/or glucoconjugates (usually of plant origin) and
gastrointestinal health. These constituents
exert their action through competition with
the bacterial adhesions or by changing the
expression of surface composition for bacterial adhesion, thereby reducing the number
of harmful bacteria to a minimum and promoting the proliferation of potentially useful strains. As a result of their specificity,
other lectins may favour the attachment of
harmful organisms [97]. Certain carbohydrates may interfere and change the surface
receptors of the small intestinal brush border.
Lectins with the same specificities as bacteria may prevent the attachment and proliferation of appropriate species. The formation of feed-induced lectins by dietary
inclusion of certain feed ingredients (sugars,
sugar alcohols and amino acids) and their
potential in preventing post weaning diarrhoea has been demonstrated by L6nnroth
and Lange [76]. Recently, the effects of using
oligosaccharides as feed additives have been
reviewed by Monsan and Paul [86].

4.6. Other feed additives

The intestinal fluid secretion is regulated by an anti-secretory factor (ASF, recently
the term AF has been used; Gbransson, per-

bal medicines

concentrations. In rats and broiler chickens,
stress has been demonstrated to rapidly
decrease blood AF-concentrations [68, 77].
Gbransson et al. [39] suggest that weaning
is a stressful factor that may cause the sudden drop in blood AF-concentration, leading
to increased susceptibility for gastrointestinal disorders.

Recently, Devegowda [21 ] reviewed heras potential feed additives

with growth-promoting effects in animals. In
India 7000 herb species are currently in use
as medical preparations for humans. This
author reported on some experiments in
which minute supplements showed interesting results. However, as with other feed
additives, when using herbs beyond the
question of their efficacy as promotants, the
area of residual levels in foods and longterm effects on resistance have to be evaluated.
Zinc is a biogenic element and is regularly supplemented into compounded feed
mixtures for all food-producing animal spe-

cies at a level of 50-100 ppm. The inclusion may vary beyond this level. In Denmark in the mid 80s it was observed that
inclusion of high levels (2500 ppm Zn) of
zink oxide in piglet diets had a preventive
and curing effect on E. coli diarrhoea [48].
According to this author, E. coli diarrhoea in
weaners is no longer a problem for Danish
veterinarians. Zinc toxicity in pigs is relati-

vely uncommon. Clinical signs of this disorder include growth depression, loss of appetite and gastroenteritis. Swedish results agree
with the Danish [49]. However, according to
EU regulations levels > 250 ppm Zn are not
permitted.
The growth promoting effects of chromium provided as picolinate has been investigated by Boleman et al. [15]. A lowered
growth rate was reported as well as an
increased daily carcass fat accretion.
5. IMPROVEMENT OF ANIMAL

ENVIRONMENT
In the search for methods to improve animal health in modern animal production
systems, other environmental factors than
nutrient supply and feeding strategy have
to be considered. Stocking density, environmental temperature and hygienic stage
are of great importance. The type of bedding

material may affect bird mortality, as has
been demonstrated by Elwinger et al. [29] by
comparing straw and wood shavings with
significantly lowered mortality in the latter
alternative. According to these authors, differences in mortality may also occur as a
result of water supply system. The mixing of
piglets in connection with their transfer to
fattening units may lead to severe struggles
and decreased feed efficiency [36] and is
further exemplified by a negative correlation between the number of received attacks
and performance results [78, 102].

6. GENETIC SELECTION
A further alternative to decrease the incidence of certain types of diarrhoea in piglets
is selection. For the incidence of diarrhoea
up to 8 weeks post-birth in a Swedish inves-

tigation, Stigson [107] reported a heritability
of 0.26 ± 0.10. A high boar effect on diarrhoea susceptibility was reported by G6ransson [38]. By studying the genetic variation
in antibody response to E. coli antigens 0149
and K88 the heritability for the increase in
IgG titres during the first week following
immunization, Edfors-Lilja [26] arrived at
values of 0.29 and 0.45, respectively. Lundeheim [79] investigated the genetic background of respiratory diseases and arrived at
heritability values around 0.2, and higher
values for Yorkshire than for Landrace pigs.
This research indicates that some of the
common pig diseases may be controlled by
means of selection.

7. CONCLUSION

performance and feed effiare
ciency closely interrelated with the qualitative and quantitative microbial load of
the host animal, including load in the aliLivestock

mentary

tract and in the animal environ-

Appropriate nutrient supply and
choice of ingredients and their proper preparation with respect to the animal’s digesment.

tive capacity will minimize nutrient losses
and overloading, upsets and intestinal overcrowding by often harmful microbial flora.
Under given circumstances, supplementing
enzymatic preparations may improve the
digestive capacity, particularly in juveniles.
Thereby, nutrient utilization in the anterior
part of the gastrointestinal tract is improved
and the incidence of intestinal perturbation
may be limited, which thus may lead to a
limitation of occasions when antimicrobial
treatment of animals has to be used. The
dietary inclusion of enzymes of carbohydrase type leads to a more efficient use of
nutrients by poultry and pigs, thus decreasing nutrient output with urine and faeces in
the range of 15-20%. Organic acids may
have controlling effects on intestinal microbial flora through their specific anion actions
on

microorganisms.

The probiotic concept is based on either
preformed antagonistic agents or on a viable
microorganism culture with intestinal adhesive capacity. In selecting microbial strains
with probiotic potentials, their genetic stability and intestinal colonizing capacity as
well as their stabilizing properties are of
main concern. Some probiotic preparations
(particularly Lactobacilli spp. and yeast
types) have been demonstrated to improve
juvenile (piglet as well as chicken) performance and health (e.g., preventing salmonellosis in poultry by competitive exclusion). However, so far the efficacy of
probiotics seems to be less consistent than
the use of antibiotic promotants. In future
control of avian salmonellosis, the potential of bacteriophages has to be investigated
further as an alternative to antibiotics.

Another way of achieving withdrawal of
antibiotic promotants is to manipulate central mechanisms in order to activate the animal’s own defence mechanisms. One
example in porcine production is the antisecretory factor, a peptide synthesized in
the central nervous system and which is
accumulated in the anterior part of the pituitary. This peptide regulates the intestinal

fluid secretion caused by enterotoxins, thus
preventing diarrhoea in pigs.
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