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Any strategy to improve health
and performance in poultry is
related to the integrity of the

gastrointestinal tract (GIT). It has
been described by Dr Eckman of
Auburn University as the ‘engine
that drives all others. Its integrity
from first day to market is para-
mount in the expression of the
genetic potential of the broiler’.

Hence, it is important for us to
have some basic understanding of
how the GIT functions in its role as
the main organ influencing perfor-
mance and health.

The primary role of the GIT is to
extract nutrients from the ingested
diet, after which the nutrients are
absorbed into the bloodstream.

The GIT, therefore, represents the
main interface between the harsh
external environment and host
metabolism.

The GIT’s integrity is threatened
by pathogen entry, dietary toxins
and exposure to harmful metabo-
lites produced by the normal
microflora. In fact, small changes in
diet composition can have major
impacts on GI health, particularly in
young birds.

To overcome these constant chal-
lenges, the GIT has a number of
defence mechanisms, or barriers, to
protect itself from environmental
challenges.

Gastrointestinal defence

The mature gastrointestinal ecosys-
tem is a complex balance between
the resident microflora, immune
mediators and epithelial cells. The
epithelial lining of the GIT has a high
cell turnover and a protective mucus
coating which is always being
replaced. These physiological
processes are a significant part of
the essential defence against exter-
nal threats.

Although, the GIT tissues account
for only 5% of body weight, it
requires 15-30% of whole body oxy-
gen consumption and protein
turnover due to the high rate of

epithelial cell replacement and
metabolism.

The GIT harbours a dense and
diverse community of bacteria,
approximately 10 times greater than
the amount of host body cells. This
indigenous microbial population per-
forms an important defensive role in
terms of ‘competitive exclusion’
making the colonisation by poten-
tially pathogenic species difficult.

The host is protected from the
resident intestinal bacteria by the
physical and chemical barriers
formed by the GI epithelium.

These barriers are reinforced by
the acquired mucosal immune
response. During development, anti-
gen-specific B and T cells learn to
regulate their response to resident
bacteria, such that a controlled
inflammation is established in adult
hosts. Intestinal epithelial cells pro-
tect themselves by producing antimi-
crobial compounds such as
lysozyme and defensins, which
directly inhibit microbial growth and
adhesion.

The antimicrobial peptides and
secretory antibodies are retained
close to the epithelial surface as a
protective barrier.

Additionally, epithelial cells secrete
several cytokines, including inter-
leukins, monocyte chemoattractant
protein 1 (MCP-1), granulocyte-
macrophage colony stimulating fac-
tor (GM-CSF), tumour necrosis
factor α (TNF-α) and transforming
growth factor β (TGF-β).

However, it should be noted that
the antigenic nature of indigenous
bacteria and the sensitive nature of
host cells, means that this is a very
sensitive relationship that can be
easily disturbed.

The mucus layer

A protective mucus gel composed
of mucin glycoproteins that are syn-
thesised and secreted by goblet cells
covers the gastrointestinal epithe-
lium. The presence of sialic acid and
sulphates results in an overall nega-
tive charge on the mucus layer
which is important in trapping toxic
metals, such as aluminium and there-
fore, preventing them from being
absorbed into the bloodstream.

The primary defensive function of
mucins is to bind potential
pathogens and aid the adhesion of

resident bacteria to mucin compo-
nents for normal colonisation.

Nevertheless, pathogens have
evolved mechanisms to penetrate
the mucus barrier such as Salmo-
nella typhimurium.

The resident microflora of the GIT
can also pose a threat to gut health
and animal performance.
lHighly toxic phenolic and aromatic
compounds are produced by bacte-
rial degradation of tyrosine and tryp-
tophan in the gut.
lLikewise, proteolytic fermentation
can lead to the production of toxic
levels of ammonia, which can effect
the development of the intestinal
mucosa, possibly reducing villus
height.
lAmmonia in the colon can freely
pass through the gut wall gaining
access to other tissues of the body.
Furthermore, ammonia produced
and absorbed must be excreted as
uric acid diverting energy from per-
formance.

Natural AGP alternatives

Fortunately, natural alternatives to
AGPs do exist and are effective in
promoting optimum gastrointestinal
health. Although many of the cur-
rent alternatives do not function by
reducing the overall microbial load
in the GIT, they do alter the gut’s
microbial profile by limiting the
colonisation of pathogenic bacteria
while promoting the growth of
favourable bacteria.

Mannan oligosaccharide

Oligosaccharides exert a significant
growth promoting effect by enhanc-
ing a bird’s resistance to enteric
pathogens.

Mannan oligosaccharide (MOS)
has been very successful in prevent-
ing bacterial attachment to the host
animal by providing the bacteria with
a mannose rich receptor that serves
to occupy the binding sites on the
surface of bacteria (Fig. 1).

Spring et al. (2002) demonstrated
that MOS significantly reduced the
prevalence and concentration of dif-
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Table 1. Effect of Allzyme SSF on nitrogen and phosphorus digestibil-
ity (Vitina et al, 2007).

Parameters Control Allzyme SSF Difference (%)

Broilers at 42 days
Nitrogen (%) 84.20 86.40 +2.20
Phosphorus (%) 23.76 35.08 +11.32

Laying hens at 36 weeks
Nitrogen (%) 82.72 86.99 +4.27
Phosphorus (%) 43.34 49.24 +5.90

Table 2. Effect of Allzyme SSF on productivity of broiler chickens and
laying hens.

Parameters Control Allzyme Difference
SSF (%)

Productivity of broilers
Live weight at 49 days (g) 3014+148.6b 3130+201.8a +3.8
Feed conversion (kg/kg) 1.91 1.85 -0.06
Index of productivity 322.0b 349.1a +27.1

Productivity of laying hens
Laying intensity (%) 89.19b 91.49a +2.3
Feed conversion (kg/kg) 2.10 2.00 -0.10
Average egg weight 57.79 57.79 -0.09

a,bRows with differing superscripts differ significantly (P<0.05).
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ferent strains of salmonella as well as
E. coli in the caecum of broiler
chicks challenged with these organ-
isms. Based on all the peer reviewed
scientific literature, MOS enhances
resistance to enteric disease by the
following means:
lInhibits colonisation by enteric
pathogens by blocking bacterial
adhesion.
lIt enhances immunity.
lModifies bacterial fermentation to
favour nutrient availability for the
host animal.
lEnhances the integrity of the mucin
barrier.
lReduces enterocyte turnover rate.
lHas recently been demonstrated
that MOS can effectively block the
transfer of antibiotic resistance in
salmonella.

Herbs and plant extracts

Some herbs and plant extracts exert
an antimicrobial effect in vivo and
this has led to the development of
some novel products, particularly in
the area of coccidiosis control.

Coccidial infections are known to
be a predisposing factor to other
syndromes, especially necrotic
enteritis (NE) caused by Clostridium
perfringens.

Recently, the effects of dietary
supplementation with Natustat, a
plant derived product, and salino-
mycin were compared in cocci chal-
lenge trials in broiler chickens.

The results were:
lLesion scores were reduced on all
sampling days in the Natustat and
salinomycin treated animals versus
untreated controls.
lAverage weight gain and feed con-
version ratios were significantly
improved in both treatment groups
relative to controls.

It was concluded that Natustat and
Salinomycin were equivalent in alle-
viating the negative effects associ-
ated with coccidiosis.

Improving diet digestibility

The digestibility of cereal based diets
can be significantly improved
through the addition of microbial
xylanases, phytases, proteases and
β-glucanases:
lPoorly digested protein can lead to
the production of toxic metabolites
(ammonia and biogenic amines) by
bacteria in the hindgut.
lPoultry fed diets high in non-starch
polysaccharides (NSP) from sources
such as wheat and barley are much
more susceptible to enteric disease,
such as NE.
lDietary NSP can significantly
increase gut populations of patho-
genic bacteria at the expense of
beneficial bacteria.
lWater soluble NSPs increase the
viscosity of the digesta, thus lower-
ing its passage rate through the

intestine and reducing the amount of
available oxygen, thereby promoting
intestinal fermentation by patho-
genic anaerobes. The proliferation
of anaerobic bacteria results in a
decrease in the number of beneficial
bacterial populations.

Addition of enzymes in the diet

acts primarily by aiding feed
digestibility and nutrient availability
to the host. Enzymes will also alter
gut bacterial populations and reduce
mortality.

Such benefits are a result of an
increase in the rate of digestion and
absorption in the small intestine, lim-
iting the availability of nutrients for
the resident bacteria. Rosen (2001)

concluded that the effect of enzymes
on gain and FCR was almost equiva-
lent to that of antibiotics.

Growing non-GM organisms on a
semi-solid substrate results in the
organisms producing a range of
enzymes. For example, solid state
fermented (SSF) enzyme complex

contains a variety of enzyme activi-
ties not found in enzyme prepara-
tions from submerged culture
systems.

Because feed is not digested by
one enzyme in vivo, it makes sense
that several enzymes working in syn-
ergy will be more effective. For
example, it has been shown that SSF
enzyme complex (Allzyme SSF)

improves nitrogen and phosphorus
digestibility in broilers and layers
(Table 1).

Furthermore, the same authors
report better poultry productivity;
increased liveweight of broilers by
3.8% and hens laying intensity by
2.3% (Table 2).

Trace minerals

The GIT and the other tissues of
animals has a high requirement for
essential trace elements, such as,
copper, zinc, iron and manganese.

Traditionally, it was thought that
elevated copper levels stimulated
growth through an antibacterial
function in the GIT.

More recent evidence suggests
that copper acts via specific mecha-
nisms as well and a relationship
between growth stimulation and
copper source bioavailability has
been observed.

One of the functions of the nega-
tively charged mucus layer overlying
the villi is to protect the host from
absorption of positively charged
toxic ions, such as aluminium, how-
ever, the mucus layer will also bind
other positively charged metal ions
in the diet, including copper, zinc,
manganese and iron.

Trivalent ions are bound more
strongly than divalent ions, slowing
down their passage through the
mucus layer reducing their overall
bioavailability.

In addition, the mucus layer is
overlaid by a deep unstirred water
layer. Here the pH is regulated by
acid and bicarbonate secreted from
the mucus.

The pH is such that the hydrolytic
metals (copper, zinc, iron and man-
ganese) undergo polymerisation
reactions forming large insoluble
metal oxides and hydroxide com-
plexes which cannot be absorbed.

Protecting such trace metals from
these negative interactions is impor-
tant if maximum bioavailability is to
be realised. Essential minerals such
as copper are chelated to amino
acids and small peptides so as to
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Fig. 3. Incorporation of selenium into chick embryos following diet
supplementation with Sel-Plex (Paton et al., 2002).
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Fig. 2. The barrier layers of the intestine.

Fig. 4. Reduced early mortality in chicks from hens given Sel-Plex. Mortality at 10 days (5,000 birds per
hatch). 49,0596; hens fed diets containing either 0.2ppm Selenite selenium or 0.2ppm Selenite selenium +
0.2ppm Sel-Plex selenium (Lanning, Lloyd Maunder, 2000, UK commercial Ross hens).
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protect them from precipitation and
to reduce or totally mask their
charge so that they can pass unhin-
dered through the negatively
charged mucus layer to their
absorption sites on the epithelial
layer. Numerous trials in poultry
have shown that this delivery mech-
anism for essential trace minerals
greatly enhances their bioavailability.

One particular organic trace min-
eral that stands out above all, in
terms of having a positive effect on
performance as well as heath, is
organic seleno-protein, which has
been the most tested and
researched trace mineral in recent
years. In broiler parents the
research has concentrated on the
effects of seleno-protein, on fertility,
hatchability and chick quality. 

In broilers, research trials have
reported positive benefits on feed
conversion, feathering and meat
quality. In layers, benefits have been
reported on egg quality and fresh-
ness.

Effect on embryos

Beneficial effects of supplementing
the hen’s diet with organic seleno-
protein have been demonstrated for
both broiler and layer breeders and
their progeny. These benefits can be
attributed to the ability of selenium
to enter the egg in a form available
for use by the developing embryo.

Further, the effects of organic
seleno-protein (Sel-Plex, Alltech Inc)
fed in the maternal diet can be seen
in the chicks after hatching. The
incorporation of selenium into eggs
is practically linear with diet sele-
nium concentration up to 0.5ppm;
the highest concentration being in
the yolk. Further, this leads to incor-
poration into the embryo during
incubation (Fig. 3).

In work with broiler breeders,
Surai (2000) showed that increasing
levels of selenium in the maternal
diet led to increases in selenium
content of the serum liver and brain
of the chick embryo and that these
changes persisted for up to 10 days
after hatching.

Importantly, Surai also showed
that GPx activity in the newly
hatched chick was also elevated with

increasing selenium supplementation
of the maternal diet, leading to
improvement in the antioxidant sta-
tus of the chicks. This may result in
better survival of chicks under
stresses such as disease challenge
(Fig. 4).

Effect on broilers and layers

Fertilisation of the egg requires the
sperm to penetrate the inner periv-
itelline membrane whilst the newly
released egg is in the infundibular
end of the oviduct, therefore, fertili-
sation must occur before the outer
perivitelline layer is added. In addi-
tion to be successful, sperm must
digest a portion of the inner periv-
itelline membrane in order to reach
the germinal disc of the ovum.

It is possible to assess the fertility
of the hen by counting the number
of holes made by the sperm in the
inner perivitelline membrane. New
techniques have allowed this assay
to be conducted on eggs after they
had been laid without killing the hen.

Hens were fed diets containing
organic seleno-protein as a source
of selenium and the number of
sperm holes in the inner perivitelline
membrane was counted using light
microscopy in eggs collected in two
time periods after insemination; 2-4
days and 5-7 days.

It was found that the number of
holes in eggs collected from the
organic seleno-protein fed birds 2-4
days after insemination was
increased significantly over those
collected from birds fed the basal

(standard) diet, which contained
0.1ppm of selenium (Fig. 5).

Renema (2003) confirmed these
results and, in addition, he reported
on other economic parameters of
production, fertility, hatchability and
shell quality.

Renema concluded that reproduc-
tive traits were improved with the
inclusion of dietary selenium, while
the organic seleno-protein treat-
ment also improved some egg pro-
duction traits (Figs. 6 and 7).

Seleno-protein treated birds gave
5.0 more total eggs and 5.6 more
settable eggs compared with sodium
selenite treated birds.

The organic seleno-protein
treated birds had 7% improved aver-
age production, post 49 weeks of
age, compared with sodium selenite
fed birds. 

All the birds remained in produc-
tion when fed diets containing
organic seleno-protein (Sel-Plex)
compared with only 90% of the
birds laying in the group fed diets
containing sodium selenite.

Egg shell weight (therefore, shell
quality) declined less, during 36-56
weeks of age, when birds were fed
diets containing organic seleno-pro-
tein (Sel-Plex) compared with birds
fed diets containing sodium selenite.

Effect on breeder males

It has been known for many years
that selenium was involved in male
fertility and that it was associated
with a specific form of glutathione
peroxidase (PHGPx). It was demon-

strated that PHGPx, an important
component of sperm cells, had
more than one function by Ursini et
al (1999). These authors reported
that PHGPx is found in the testis,
where its role is to provide antioxi-
dant protection in developing sperm
cells. They went on to show that
high concentrations of PHGPx also
occurred in the sperm mid-piece
mitochondrial capsules where it had
a major structural role.

Because sperm contains high con-
centrations of polyunsaturated fatty
acids, protection from hydroperox-
ide formation is an important part of
maintaining sperm viability.

Edens (2002) demonstrated that
even when the basal diet contained
a relatively high level of selenium
(0.28ppm), further supplementation
with organic selenium in the form of
Sel-Plex was able to reduce the inci-
dence of sperm abnormalities and
decrease the age in which sperm
production began in cockerels
(Table 3).

Effect on broilers

A number of economic effects of
selenium supplementation on broiler
production traits have been demon-
strated in birds fed diets enriched
with selenium from selenium
enriched yeast by Naylor et al
(2000).

In this study, broilers fed diets
containing two levels of selenium
(0.1ppm or 0.25ppm) from selenite
or organic seleno-protein were
grown using commercial diets to 38
days. Growth in these birds was
rapid (3.86kg at 38 days) and was
not affected by selenium supplemen-
tation.

Feed conversion ratio (FCR)
improved by more than 0.05 when
supplementation level was increased
from 0.1 to 0.25ppm. The response
was statically significant (P<0.02)
and highlights the significance of sup-
plementation when the basal level in
the diet is low, in this case 0.1ppm.

Feather score was assessed in 10
birds from each treatment at 37
days of age and at the higher level of
supplementation, was significantly
improved (P<0.01).

Moisture loss, as measured by the

Continued from page 13

Fig. 5. Effect of Sel-Plex on the number of sperm holes in the perivit-
elline membrane of eggs.
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Fig. 6. Number of total and set-
table eggs.
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49 weeks of age.
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Fig. 8. Number of birds in pro-
duction post 49 weeks of age.
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Fig. 9. Decline in % shell weight
(36-56 weeks).
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fluid loss from birds stored for 24
hours at 3°C, was also significantly
reduced at the higher level of sele-
nium addition. Further, selenium
source was significant; birds fed
organic seleno-protein lost less fluid
than birds fed selenite.

Layers: egg quality

Company trials have suggested that
selenium supplementation of the
diets of laying hens may improve the
freshness of eggs and the strength of
the shells. Some attempts to
demonstrate those observations in
controlled studies have proved diffi-
cult.

However, positive effects on shell
strength and a reduced rate of
decline in albumin strength have
been reported. Hens were fed
either a basal diet or a diet supple-
mented with selenium at 0.3ppm
from selenite or organic seleno-pro-
tein. Eggs were collected 0, 21 and
42 days after the commencement of
feeding and then subjected to differ-
ent conditions of storage.

The only effect to diet was that the
birds fed organic seleno-protein
produced eggs with significantly
stronger shells than birds fed selen-
ite or no supplemental selenium.

Further, eggs from birds fed
organic seleno-protein for 42 days

had significantly higher Haugh units
after seven days of storage. 

Rutz et al (2003) have reported
that supplementation of laying hens
diets with selenium enriched yeast
improved yolk colour, at least at
lower levels of pigment addition.
This study showed that yolk colour
increased linearly with selenium
dose.

Conclusions

A healthy digestive system is essen-
tial for optimal animal performance.
However, due to its large surface
area, heavy microbial load and the
fact that it represents the main inter-
face between the internal and exter-
nal environment, the GIT is very
vulnerable to injury and disease.

Traditionally, antibiotics have been
used to boost the natural defence

mechanisms of the gut by preventing
disease and at sub-therapeutic lev-
els, to promote growth and feed
efficiency. The phasing out of antibi-
otic growth promoters in certain
global areas has posed a problem
for producers in terms of sourcing
viable natural alternatives to main-
tain animal performance at present

Continued from page 15

Table 3. Spermatozoal abnormalities in cockerels at 19 weeks
(adapted from Edens, 2002).

Spermatozoal form Basal (%) Selenite (%) Sel-Plex (%)

Normal 57.9a 89.4b 98.7c

Bent mid-piece 18.7a 6.2b 0.7c

Swollen mid-piece 1.6a 0.4b 0.1c

Ruptured mid-piece 0.9a 0.1b 0.0b

Swollen head 1.3a 0.2b 0.2b

Corkscrew head 15.4a 1.8b 0.2c

Coiled 3.2a 0.8b 0.0c

Fragment/other 1.0a 1.1a 0.1b

Table 4. Influence of selenium source and level on broiler production
parameters (adapted from Naylor et al., 2000).

Selenium Selenium FCR Feather 24 hour
source level (ppm) score moisture loss 

(%)

Inorganic 0.10 1.805 2.53 1.37
Inorganic 0.25 1.759 2.60 0.87
Organic 0.10 1.777 3.21 1.01
Organic 0.10 1.712 3.47 0.69
P Value
Selenium level 0.001 0.018 0.001 0.000

day levels.
A large body of data has now

accumulated to demonstrate the
vital roles of selenium in metabo-
lism. As a component of the antioxi-
dant defence system it is central in
maintaining homeostasis and pre-
venting premature cell death. Its
other important function in oxida-
tion and reduction control is as part
of the active site of the thioredoxin
reductases.

Through its role in regulating thy-
roid hormone synthesis it also has a
fundamental involvement in the con-
trol of metabolic rate. 

These biochemical functions of
selenium are manifest in many eco-
nomically significant effects in poultry
production, such as, fertility, repro-
duction, feed conversion and meat
quality.                                            �


