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ABSTRACT
The study investigated the probiotic effects of Saccharomyces cerevisiae on pullets
development and hen-day egg performance of the layers. A total of 120 chicks were
brooded for 4 weeks, after which 100 pullets were randomly selected and placed in
4 groups (A-D) of 25 birds each. Groups A, B and C had their feed supplemented
with S. cerevisiae at graded levels of 0.6, 0.8 and 1.0 g/kg of feed respectively.
Group D diet did not contain S. cerevisiae (control). The diets for all the groups
contained 25% PKC and they were isocaloric and isonitrogenous. The pullets were
weighed weekly. At 9th, 15th and 40th week of age, 5 birds were randomly selected
from each pen and 2 ml. of blood collected into an EDTA bottle for haematology.
The blood sample was used to determine packed cell volume (PCV), haemoglobin
concentration (HbC), total leukocyte count (TLC) and differential leukocyte count
following standard procedures.

At 10th and 40th week of age, 3 pullets were

randomly selected from each group and placed in four different cages. The quantity
of feed consumed and faeces voided were determined, proximately analyzed and
used to determine the apparent digestibility of the diets. Eggs were collected three
times daily, weighed and their external qualities were assessed. At the 20th week in
lay, another set of 5 layers were randomly selected from each group and 5 ml of
blood were collected from each bird and allowed to clot. The serum harvested was
used to evaluate the serum biochemistry of the layers. At the 22nd week in lay, ten
eggs were randomly selected from each group and were used to determine the egg
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cholesterol content. Five layers from each treatment group were randomly selected
at the 70th week in lay, slaughtered and their gastrointestinal tract (GIT) carefully
removed. The weight and length of the different sections of the gastrointestinal tract
were determined. At the 24th month of age, another set of 5 layers were randomly
selected from each group and used to evaluate the carcass quality. Repeat measure
and one-way analysis of variance (ANOVA) were used to analyze the results.
Variant means were separated using Duncan’s new multiple range test. Significance
was accepted at p< 0.05. Group C birds had significantly (p<05) higher mean live
weight than the group D birds (control). The PCV of group C birds was significantly
higher (p < 0.05) than those of all other groups at weeks 9 and 15 of age. The group
C birds also had significantly higher (p<0.05) TLC and lymphocytes counts than the
control group (D). Apparent digestibility coefficient of dry matter, organic matter,
crude protein and crude fibre were significantly (p<0.05) higher in the probiotic
supplemented groups than the control. Group C had an overall significantly (p<0.05)
higher hen-day egg performance of followed by groups B and A, while group D had
the least hen-day egg performance. Birds in the supplemented groups had
significantly higher (p<0.05) serum total proteins and significantly lower serum
cholesterol when compared to the control. Eggs from the supplemented groups had
significantly (p<0.05) lower cholesterol content when compared to the control.
Group C birds had a significantly (p<0.05) longer colon than the control. There was
no significant difference (p>0.05) in egg qualities (egg size, egg weight and shell
thickness) between the supplemented groups and the control. The economic returns
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from sale of eggs was significantly higher (p<0.05) in group C birds in the first year
of lay, but in the second year of lay, all supplemented groups had significantly
higher (p<0.05) monthly revenue from eggs compared to the control. It was
concluded that supplementation with probiotic S. cerevisiae significantly (p<0.05)
enhanced pullet development, hen-day egg performance and monthly revenue from
eggs, and significantly (p<0.05) lowered serum and egg cholesterol levels. The
probiotic supplementation was most effective at the level of 1.0 g/kg of feed, and
this is recommended.
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CHAPTER ONE
INTRODUCTION
There have been several definitions for the word probiotics over the years. Lilly
and Stillwell (1965) used it to describe substances produced by one protozoan which
stimulates another. But Parker (1974) described it as animal feed supplements which
had a beneficial effect on the host animal by affecting its gut flora. Fuller (1989)
revised the definition and described probiotics as a live microbial feed supplement,
which beneficially affects the host animal by improving its intestinal microbial
balance. Other workers had also given their own definitions of the term probiotic.
Donohue et al (1998) described probiotic bacteria as viable bacteria which when
applied in a single or mixed culture, exhibit a beneficial effect on the health of the
host. The most recent definition was by Schrezenmeir and De Vrese (2001). They
defined probiotics as viable microbial food supplements which beneficially
influence the health of the host. This new definition clearly points out the health
promoting effect of probiotic agents. Probiotics were more recently defined by a
group of experts convened by the Food and Agriculture Organization of the United
Nations (FAO, 2005) as "live microorganisms administered in adequate amounts
which confer a beneficial health effect on the host”.
The probiotic concept was introduced in the early 20th century by Elie
Metschnikoff. Since then, different microorganisms have been used for their
supposed ability to prevent and cure diseases leading to the coining of the term
probiotics, or “pro-life” (Lilly and Stillwell, 1965) from two Greek wards ‘pro’
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which means ‘for’ or in ‘support’ and ‘bios’ which means ‘life’. About 1900, Henry
Tissier, a French Pediatrician, observed that children with diarrhea had in their
stools a low number of bacteria characterized by a peculiar, Y shaped morphology.
Those “bifid” bacteria were, on the contrary, abundant in healthy children (Tissier,
1906). Nobel laureate Elie Metchnikoff in 1907 advocated that the consumption of
Lactobacilli helps in controlling endogenous intoxication (autointoxication) caused
by wrong types of components in the intestinal flora. He pointed out that the long,
healthy lives of Bulgarian peasants were the result of their consumption of
fermented milk products which contained probiotics. The works of Metchnikoff and
Tissier were the first to make scientific suggestions about the probiotic use of
bacteria. The first clinical trials were done in the 1930s on the effect of probiotics
on constipation (Koop-Hoolihan, 2001).

Majority of the probiotic products in

current use contain bacteria from the genera Lactobacillus or Bifidobacterium,
although other genera, including Escherichia, Enterococcus, Bacillus and
Saccharomyces have been marketed as probiotics (Oyetayo and Oyetayo, 2005).
In Nigeria, there is a very low animal protein intake as a result of poverty and
overpopulation (Obi, 2004). Thus, the great need for a radical approach to livestock
production. The present daily protein allowance for Nigerians according to Atsu et
al., (2002) is as low as 4.5g of protein per head per day which is abyssimally low
compared to the recommended animal protein intake of 14g per head per day by
F.A.O.( 1997 ). Poultry production is very important in the agriculture of developing
countries (Musangi, 1992). FAO (1997) recommended that the deficit in animal
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protein supply and consumption in developing countries should be ameliorated by
increased poultry, pork and rabbit production. Smith (1990) suggested that the
supply of poultry products in poorer countries can be rapidly expanded to meet their
animal protein need. This is technically possible because poultry are able to adapt to
most areas of the world, have low capital requirement, have rapid generation time
and a high rate of productivity. Besides excellent nutritive value, egg possesses
several health promoting, immunostimulating and therapeutic properties which
makes it a versatile product. At every age and stage of life, eggs have a role to play.
During pregnancy; eggs provide high quality proteins, vitamins and minerals,
omega-3 fatty oils essential for both maternal and foetal health (Narahari, 2003).
Narahari (2003) further stated the importance of nutrients contained in the egg as
follows: Egg choline is needed for proper development of a child’s brain. The
requirement of a pregnant woman for egg choline is about 450 mg/day, while the
requirement for a nursing mother is 550 mg/day. Older people need choline to
activate their memory. Egg leutin and zeaxanthin are essential to prevent macular
degeneration in adults. There is more to eggs than just a good nutrition. They also
contain constituents that help in the treatment of a wide range of human health
problems from wounds and rashes to cancer and cardiovascular diseases (Narahari,
2003). Eggs will induce and increase satiety (i.e reduce hunger). This will improve
compliance with weight loss diet and enhance the benefits of a weight loss regimen.
Despite being the proteinous food with the highest biological value, eggs still cost
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lower than most other animal protein sources. For instance, the cost of 100 gm of
eggs is N40, while 100 gm of beef costs N60 and 100 gm of chicken is N70.
Feed supply is the major limiting factor in poultry production in developing
countries (Chantalakhana, 1990). The cost of feed alone accounts for 70 - 80% of
the total cost of production (Yegany, 2002; Adegbola, 2004; Anyaehie and Irole,
2008). The greatest source of dilemma in the poultry industry is the unprecedented
increase in the cost of poultry feedstuff especially maize and soya bean (Adene,
2004). The scarcity of cereal grains and protein concentrates for poultry feed and
keen competition between man and livestock for same has been the major obstacle
in poultry development in Nigeria (PAN, 1985). The future for efficient and
profitable poultry production would therefore depend on finding cheaper and
alternative energy and protein sources of conventional feed ingredients
(Ojewola,1992).
Palm kernel cake (PKC) is one of the commonly recommended nonconventional feed ingredients used to partially replace maize or complement whole
poultry ration (Onwudike, 1986; Okeudo et al., 2005). Okeudo et al., (2005)
reported that inclusion of PKC at 28% and 35% for broiler starter and finisher
respectively had no deleterious effect on production. Omeke et al., (2006)
recommended that 30% PKC inclusion for broiler diets makes for optimum
economic productivity.
The only problem with the use of PKC is the high crude fibre content (20.4%)
which reduces feed intake, decreases both digestibility and efficiency of utilization
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of the feed (Dolberg et al, 1981, Zahari et al, 2005). Hence these researchers
recommended that PKC should be treated to make it less fibrous and more
digestible. Biotechnological options are available for enhancing the nutritive value
of agro-industrial by products such as PKC (Kundu and Kuma, 1987).
Biotechnological treatment to improve the digestibility of fibrous agricultural byproducts includes either the direct use of microorganisms or microbial enzyme
(Shaiful, 1982).
As a result of the ban on antibiotic growth promoters due to obvious
problems of drug residues (Dipeolu et al., 2002; Dipeolu et al., 2004) microbial
resistance (Chah et al., 2002) and high lipid (fat) in animal products (Lippstein et
al., 1975) which are health hazards to both animals and man (Ogbe et al., 2005),
there is increased interest in probiotics. These biotherapeutic agents (probiotics)
have been shown to significantly increase feed efficiency and improve health status
of livestock without any deleterious effects in both animals and humans (Baird,
1977; Fuller, 1992; Onifade and Babatunde, 1996; Chang et al., 2001; Ezema,
2007). The interest in these probiotics was further enhanced by the revealation by
Shaiful (1992) that these microrganisms can be used to treat fibrous agroindustry
by-products to improve the efficiency of their utilization.
Probiotic research and application originated from human medicine. For
these earlier research workers, their interests were simply to use probiotics to
promote good health. Hence, their choice of probiotics was mainly of bacteria
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origin. Weight gain and efficiency of feed utilization are not issues in human beings.
In fact, human researchers are more interested in those products that could cause
weight loss. But in livestock production, weight gain and feed efficiency are the
crucial issues that will determine the productivity of the livestock. This is why we
considered S. cerevisiae as the probiotic of choice for animal production. Live yeast
(S. cerevisiae) has been shown to elaborate digestive enzymes which help to
increase digestibility and efficiency of feed utilization especially in high fibre diets
(Matsui et al, 1990; Numan, 2001; Ezema, 2007). On dry basis, yeast contains 54%
crude protein and 3000 IU of inositol (a well known growth promoter) among other
vitamins (Bery, 1982) as shown in table 1 below.
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Table 1:

The essential Amino Acids and Vitamins contained in Yeast
Essential Amino Acid

(g 100g drywt-1)

1

Lysine

8.2

2

Valine

5.5

3

Leucine

7.9

4

Isoleucine

5.5

5

Threonine

4.8

6

Methionine

2.5

7

Phenylalanine

4.5

8

Tryptophan

1.2

9

Cystine

1.6

10

Histidine

4.0

11

Tyrosine

5.0

12

Arginine

5.0

S/N

Vitamins

(ug g dry wt-1)

1

Thiamine Hcl

165

2

Riboflavin

100

3

Niacin

585

4

Pyridoxine Hcl

20

5

Folic Acid

13

6

Calcium pantothenate

100

7

Biotin

0.6

8

Paraminobenzoic Acid

160

9

Choline Chloride

2,710

10

Inositol

3000

S/N

Source:

Berry, 1982
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Statement of the Problem
Nutrition and diseases are the major problems of poultry production in the tropics
(Adene, 2004). The cost of feeds alone accounts for about 80% of the total cost of
poultry production (Adegbola, 2004). The future of efficient and profitable poultry
production would therefore depend on finding cheaper and alternative energy and
protein sources to conventional feed ingredients (Ojewola, 1992). Inclusion of palm
kernel cake (PKC) has been known to reduce cost of feed but research workers have
reported that due to its high crude fibre content, PKC should be treated for optimum
efficiency of feed utilization (Okeudo et al., 2005). Kundu and Kumar (1987)
observed that supplementing animal feed with probiotic is a biotechnological option
to improve the nutritive value of agro-industrial by-product such as PKC. Shaiful
(1992) showed that inclusion of live micro organisms or microbial enzyme will
increase the efficiency of utilization of high fibre feed ingredient.
Objectives of the Study
The objectives of this study were:
• To determine the effect of probiotic (Saccharomyces cerevisiae) on growth
rate of pullets and hen-day egg performance of laying chicken.
• To determine the appropriate level of inclusion of this probiotic for optimum
pullet development and maximum egg production.
• To assess the possible modes of action of the probiotic
• To evaluate the cost benefit of this probiotic supplementation in table egg
production
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CHAPTER TWO
REVIEW OF RELATED LITERATURE
2.1: PROBIOTICS: AN OVERVIEW
2.1-1: Historical Perspectives
The word probiotic is derived from the Greek meaning ‘for life’ or ‘in
support of life’ and has had several different meanings over the years. It was first
used by Lilley and Stillwell (1965) to describe substances secreted by one
microorganism which stimulated the growth of another. It thus meant the exact
opposite of antibiotic and its etymological pedigree was beyond reproach
(Fuller,1992). However, its use in this form did not persist and it was subsequently
used by Sperti (1971) to describe tissue extracts which stimulated microbial growth.
It was not until 1974 that Parker used it in the context in which we shall use it in this
thesis. Parker defined probiotics as ‘organisms and substances which contribute to
intestinal microbial balance (Parker, 1974). This definition related probiotic use to
the intestinal microflora but the inclusion of substance gave it a wide connotation
which would include antibiotics. In an attempt to improve the definition, Fuller
(1989) redefined probiotics as ‘a live microbial feed supplement which benefits the
host animal by improving its intestinal microbial balance’. This revised definition
stressed the need for a probiotic to be viable.
Below is a chronicle of the evolution of definitions of probiotics:
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 Substances secreted by one

microorganism that stimulate another

microorganism (Lilly and Stillwell, 1965).
 Tissue extracts that stimulate microbial growth (Sperti, 1971).
 Organisms and substances that have a beneficial effect on the host animal by
contributing to its intestinal microbial balance (Parker, 1974).
 A live microbial feed supplement that beneficially affects the host animal by
improving its intestinal microbial balance (Fuller, 1989).
 A viable mono- or mixed culture of microorganisms that, applied to animals
or humans, beneficially affects the host by improving the properties of the
indigenous microflora (Havenaar, 1992).
 A live microbial culture of cultured dairy product that beneficially influences
the health and nutrition of the host (Salminen, 1996).
 Viable bacteria, in a single or mixed culture, that have a beneficial effect on
the health of the host (Donohue and Salminen, 1996).
 Living microorganisms that on ingestion in certain numbers exert health
benefits beyond inherent basic nutrition (Guarner and Schaafsma, 1998).
 A microbial dietary adjuvant that beneficially affects the host physiology by
modulating mucosal and systemic immunity, as well as improving nutritional
and microbial balance in the intestinal tract (Naidu et al, 1999).
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 A preparation of or a product containing viable, defined microorganisms in
sufficient numbers that alter the microflora (by implantation or colonization)
in a compartment of the host and by that exert beneficial health effects in this
host (Schrezenmeir and De Vrese, 2001).
 Specific live or inactivated microbial cultures that have documented targets in
reducing the risk of human disease or in their nutritional management
(Isolauri et al., 2002).
 Preparation of viable microorganisms that is consumed by humans or other
animals with the aim of inducing beneficial effects by qualitatively or
quantitatively influencing their gut microflora and/or modifying their immune
status (Fuller, 2004).
 Live microorganisms, which when administered in adequate amounts, confer
a health benefit on the host (FAO, 2009) .
Although the use of the word probiotic in relation to feed supplements only
dates from 1974, the history of live microbial feed supplements goes back thousands
of years. Probably, the first foods that contained living microorganisms were the
fermented milks that are recorded in the Old Testament (Genesis 18:8). There is also
evidence from wall paintings dating back to 2500 B.C. that Sumarians were in the
habit of inoculating milk to induce fermentation (Kroger et al., 1989).
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Metchnikoff is regarded as the godfather of probiotic. From his studies on probiotic
and findings of his other coworkers, he wrote a book which in the original French
edition published in 1907 was entitled Essais optimistes. In the book he discussed
the philosophy, literature, religion, folklore and science of ageing. Only a small part
of this discourse contained his views on the lower gut flora and the beneficial effects
that fermented milk might have on it. At the end of this section of the book, in the
English edition, he concludes:
‘If it be true that our precocious and unhappy old age is due to
poisoning of the tissues (the greater part of the poisoning coming
from the large intestine inhabited by numberless microbes), it is clear
that agents which arrest intestinal putrefaction must at the same time
postpone and ameliorate old age. This theoretical view is confirmed
by the collection of facts regarding races which live chiefly on soured
milk and amongst which great ages are common. However, in a
question so important, the theory must be tested by direct
observations. For this purpose, the numerous infirmaries for old
people should be taken advantage of and systematic investigation
should be made on the relation of intestinal microbes to precocious
old age and on the influence of diets which prevent intestinal
putrefaction in prolonging life and maintaining the forces of the body.
It can only be in the future, near or remote, that we shall obtain exact
information upon what is one of the chief problems of humanity’.

In spite of these guarded statements, he is always quoted as having established a
relationship between consumption of fermented milk and long life. This reputation
was seemingly endorsed by the English translation of his book which was given the
little, “The Prolongation of Life”. The consumption of fermented milk was given an
added support by the publication in 1911 of a book by Londen Douglas called “The
Bacillus of Long life”. In the book, the author reiterated the connection between
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fermented milks and longevity. He also summarized what was known at that time of
the Bacteriology of fermented milks (Douglas, 1911).
One of the most convincing demonstrations of the role of the gut
microflora in resistance to diseases was provided by Collins and Carter (1978). They
showed that the germ-free guinea-pig was killed by 10 cells of Salmonella
enteritidis but it required 109 cells to kill a conventional grade animal with a
complete gut microflora. There is thus, no doubt that animals have in their intestine
a population of microorganisms that protects them against diseases. If that is the
case, why do we need probiotics? Under normal conditions there would be no need
for probiotics. In the wild, the young animal rapidly acquires a protective flora from
its mother and the environment. However, modern methods of pre-natal care tend to
limit the contact with the mother and provide unnatural foods and unnatural
environmental condition especially in poultry where after the egg is laid, the chick is
permanently separated from their mother. The result is that the gut microflora is
deficient in some of the normal components that are responsible for resistance to
diseases. Tannock (1983) reported that even the gut microflora of an adult can be
affected by diet, antibacterial drugs and stress. The use of probiotic supplements
seeks to repair these deficiencies. The development of probiotics has been in part
stimulated by the public misgivings about the side effects that often follow the use
of as therapeutic agents and growth promoters. There is therefore, a growing
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demand for an effective alternative to the antibiotic growth promoters and probiotics
could fill the gap.
2.1-2: Characteristics of Good Probiotics
Fuller (1989) listed the following as features of a good probiotic:
 It should be a strain, which is capable of exerting a beneficial effect on the host
animal, e.g.: increased growth or resistance to disease.
 It should be non-pathogenic and non-toxic.
 It should be present as viable cells, preferably in large numbers.
 It should be capable of surviving and metabolizing in the gut environment e.g. it
should be resistant to low pH and organic acids.
 It should be stable and capable of remaining viable for periods under storage and
field conditions.
2.1-3: Benefits/Advantages of Probiotics
Intestinal probiotics, particularly bacteria play an important role in determining the
digestive mechanisms and general health in all animals and humans (Fuller, 1992).
The beneficial effects of probiotic will depend on a number of factors, including the
strain chosen, level of consumption, duration and frequency of exposure, and the
physiological condition of the individual (Koop-Hoolihan, 2001).
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2.1-4: Some of the beneficial effects of the practical use of probiotics are:
 Growth promotion in farm animals (Mordenti, 1986; Chang et al., 2001) Hydrocarbons are broken down by probiotic bacteria which means the food is
being split into its most basic elements. This allows almost total absorption
through the digestive system. In this way probiotics dramatically increase
overall nutrition and enhance rapid cellular growth and development. For
instance, Lactobacillus and Bifidobacteria increased weight gain and reduced
mortality in young piglets (Abe et al, 1995).

Also, piglets fed Bacillus

coagulans had lower mortality and improved weight gain and feed conversion
than unsupplemented piglets and did as well as or better than piglets fed subtherapeutic antibiotics (Adami and Cavazzoni, 1999).
 Protection of host from intestinal infections (Nurmi and Rantala, 1973;
Pascual et al., 1999; Oyetayo et al., 2003). The intestinal tract is cleansed by
probiotics. They go under the layer of crud on the intestinal walls, attach
themselves and dislodge the accumulated decay. This waste is then flushed
out naturally.

Yeast and fungal infections are prevented and sometimes

eliminated with supplements of probiotics. Probiotic bacteria added to feed
may protect piglets from intestinal pathogens by several possible mechanism,
including competitive exclusion which entails adherence to intestinal mucosal
thereby preventing attachment of pathogens, production of antimicrobial
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compounds (bacteriocins and organic acids), competition with pathogens for
nutrients and stimulation of intestinal immune responses (Ellin, 2001).
 Alleviation of lactose intolerance (Garvie et al., 1984; Jiang, 1996).

In

human, majority become lactase deficient during the 10-20 years of life the
inability to digest lactose causes a decrease in milk product consumption,
eliminating a high quality source of protein and calcium.

Lactoba

acidophilus and L. bifidus participate in the hydrolytic digestion of ingested
lactose. Therefore, ingestion of milk product with live Lactobacillus is better
tolerated and may actually alleviate malabsorption in lactose intolerant people
(Fuller, 1992).
 Relief of constipation (Graf, 1983).

Constipation is quickly relieved by

probiotics and the bowel movements become normalized.
 Lactobacillus can be taken both during and after antibiotic treatment. This
helps in alleviating antibiotic- induced diarrhea caused by the indiscriminate
killing off of both ‘good’ and ‘bad’ bacteria in the gastrointestinal tract.
 Anti-carcinogenic effect (Walker and Duffy, 1998; Zabala et al., 2001).
Lactobacillus inactivates carcinogenic intestinal beta-glucouronidase and
nitroreductase. Studies at the Sloan Kettering Institute for Cancer Research
and the University of Nebraska show Lactobacillus to possess a definite antitumor activity and to inhibit tumor proliferation (Fuller, 1992).

Animal
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studies have suggested that some lactic-acid bacteria might help protect
against colon cancer, but more research is still needed.
 Anticholesterolaemic effects (Tahri et al., 1995; Bertazzoni et al., 2001).
Lactobacillus species possess anticholesterolemic and antilipidemic factors,
which aid in cholesterol reduction. People taken probiotics have experienced
lowered cholesterol (Fuller, 1992).
 Nutrient synthesis and bioavailability (Koop-Hoolihan, 2001). Probiotic
bacteria synthesize certain amino acids, which are directly assimilated e.g.
lysine from specific strains of L. plantarum. They produce B vitamins, such
as folic acid, niacin, riboflavin, B12, B6 and pantothenic acid, which are
biocatalysts in food metabolism and help fight stress (Fuller, 1992).
 Probiotics has a protein-sparing effect - The lactobacillus primarily use
carbohydrates as a growth medium, while the pathogens use primarily
protein. By decreasing the pathogenic population, more protein is, made
available for assimilation (Fuller, 1992).
 Prevention of genital and urinary tract infections (Redondo-Lopez et al.,
1990; Martin et al., 1999). Candida albicans which is the primary yeast
responsible for candidiasis has been shown to be inhibited by some probiotics
(Fuller, 1992).
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 Immunostimulatory effects (Aattouri et al., 2001). It has been discovered that
conventional animals with a complete gut flora have increased phagocytic
activity and immunoglobulin levels compared with germ-free animals
(Baalmear et al., 1984). Lactobacilli casei in particular was found to be
active in the stimulation of phagocytic activity when administered to mice
(Perdigon et al., 1986).

2.2: PROBIOTICS IN HUMAN MEDICINE
Health benefits attributed to probiotics have been described for decades. They
include the treatment and prevention of gastrointestinal diseases, vaginal and urinary
infections and allergies. Saccharomyces boulardii a species of yeast has been
described as a biotherapeutic agent since since several clinical trials showed its
beneficial effects in the prevention and treatment of intestinal infections and in the
maintenance of inflammatory bowel diseases (Zanello et al, 2009). All these
diseases are characterized by acute diarrhea. Zanello and his co-workers further
stated that administration of the yeast in combination or not with antibiotherapy has
been shown to decrease significantly the duration and frequency of diarrhea. The
discovery of these probiotic anti-inflammatory and immune-modulatory activities,
in addition to the advances in the understanding of mucosal immunology opened up
a new perspectives in S. boulardii therapeutic applications.
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2.2-1: Effects of Saccharomyces boulardii on Gastrointestinal Diseases:
Overview of Clinical Trials
Several clinical trials have been performed to assess the efficacy of S. boulardii in
the prevention and the treatment of gastrointestinal diseases which induce diarrhoea
(Kotowska et al., 2005: McFarland, 2006: McFarland et al.1994: Szajewska et al.,
2007). Diarrhoea is defined as frequent watery stools resulting from impaired fluid
and electrolyte absorption in the intestinal lumen, and is usually caused by
pathogenic micro-organisms (Roy et al., 1995). These studies revealed the antidiarrhoeal effects of the yeast which reduce the duration and the frequency of
diarrhoea after oral administration.
2.2-1a. Antibiotic-associated diarrhoea
Antibiotic-associated diarrhoea (AAD) is an acute inflammation of the intestinal
mucosa caused by the administration of antibiotics and resulting in the disruption of
the intestinal microflora. Clostridium difficile infection caused 10-20% of AAD and
95% of pseudo membranous colitis (Katz et al., 1996; Kelly et al., 1994). Other
infectious organisms causing AAD include Clostridium perfringens, Staphylococcus
aureus, Klebsiella oxytoca, Candida species and Salmonella species (Hogenauer et
al., 1998). The risk factors to the development of AAD are multiple: host factors,
antibioc-therapy and exposure to nosocomial pathogens (Ackermann et al., 2005;
McFarland, 1998). Several meta-analyses were performed to evaluate the efficacy of
probiotics for the prevention of AAD (Cremonini et al., 2002; D'Souza et al., 2002;
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McFarland, 2006: Szajewska et al., 2006). These studies concluded that S. boulardii
is effective in preventing AAD in adults and children. S. boulardii preventive effect
on AAD was evaluated in 269 children with otitis media and/or respiratory tract
infections (Kotowska et al., 2005). Children received antibiotic treatment plus 250
mg of S. boulardii (experimental group, n = 132) or a placebo (control group, n =
137) orally and twice a day during the antibiotherapy. Analyses included data from
246 children and demonstrated that the prevalence of diarrhoea was lower in
experimental than in placebo groups (8% versus 23%, relative risk: 0.3, 95%
confidence interval: 0.2-0.7). Moreover, in a recent study conducted on 151
hospitalized patients, the subjects were divided in two groups of 78 and 73 patients,
which received respectively antibiotics plus placebo and antibiotics plus S. boulardii
twice a day (Can et al., 2006). The diarrhoea occurrence was investigated and the
presence of Clostridium difficile toxin A in stools was evaluated by enzyme-linked
immune sorbent assay. The results showed a decrease in diarrhoea occurrence (1.4%
versus 9% in the placebo group, P<0.005). In addition, C, difficile toxin A assay
revealed 2 positive stools samples (2/7) from patients in the placebo group while
nothing was detected in S. boulardii-treated group (0/7) (Can et al., 2006).

2.2-1b. Recurrent Clostridium difficile-associated diseases
Treatment of Ctostridium difficile-associated diseases with metronidazole or
vancomycin is effective, but in few patients, the disease recurs after the
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antibiotherapy. Several clinical trials have shown the efficacy of S. boulardii in
combination with antibiotics for treating relapses of diarrhoea and colitis
(McFarland, 2006; McFarland et al, 1994; Surawicz et al., 2000). In a first
randomized placebo-controlled study, 124 patients treated with antibiotics plus S.
boulardii (500 mg twice daily) had a reduction in occurrence of diarrhoea or colitis
(34.6% versus 64.7% relapses in the placebo group, in P = 0.04) (McFarland et al.,
1994). Another study conducted in 170 patients showed the efficacy of S. boulardii
(1g/d for 28 days) plus vancomycin (2g/d for 10 days) in the decrease of recurrence
(16.7% versus 50% in the placebo group, P = 0.05) (Surawicz et al., 2000). This
result was significant only in patients treated with high-dose of vancomycin (2g/d)
and not with lower dose (500mg/d) or metronidazole (1g/d).
A recent meta-analysis (McFarland. 2006) compared the efficacy of
probiotics (S. boulardii, Lactobacillus rhamnosus GG and probiotics mixtures) in
the prevention of AAD and the treatment of Clostridium difficile associated
diseases. The author concluded that the three types of probiotics significantly
reduced the development of AAD but only S. boulardii was shown to be effective
for Clostridium difficile-assoaated diseases.
2.2-1c. Traveller's diarrhoea
Traveller's diarrhoea is the most frequent disorder encountered by persons travelling
from low risk regions to developing areas where enteric infection is hyper endemic.
Enterotoxigenic E. coli, Shigelia and Salmonella account for about 80% of acute
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traveller's diarrhoea with an identified pathogen (Sanders and Tribble, 2001). In a
placebo controlled double-blind trial, S. boulardii ‘s preventive effect on traveller's
diarrhoea was evaluated on a total of 1016 travellers assigned in 3 groups
(Kollaritsch et al., 1993). The first group received a placebo and the second and the
third groups received S, boulardii (250 and 1000 mg/d, respectively). Treatment
with the yeast has been assumed 5 days before the travel and during the entire trip.
The incidence of diarrhoea was 39.1% in the placebo group, 34.4% in the second
group (P = 0.019 versus placebo), and 28.7% in the third group (P= 0.005).
Recently, a meta-analysis was performed to assess the efficacy of probiotics in the
prevention of traveller's diarrhoea and concluded that S. boulardii and a mixture of
Lactobacillus acidophilus plus Bifidobacterium bifidum had a significant efficacy
(McFarland, 2007).

2.2-1d. Acute Diarrhoea in Children
Diarrhoeal diseases are a leading cause of childhood morbidity and mortality in
developing countries. The aetiology of acute diarrhoea in children includes
infections of the gastrointestinal tract due to bacteria, viruses or protozoa,
intoxications, systemic infections, malabsorption disorders, nutritional deficiencies,
allergies and intolerance to food or drugs (Guandalini, 2000). There are several
randomized placebo-controlled studies showing the efficacy of S, boulardii in the
management and prevention of acute childhood diarrhoea (Htwe et al., 2008;
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Szajewska et al., 2007). A meta-analysis based on 5 randomized-controlled trials
(619 participants) showed this effect (Szajewska et al., 2007). Combined data
showed that S. boulardii reduces significantly diarrhoea duration and the risk of
prolonged diarrhoea compared with control.
A recent study conducted in 100 hospitalized children showed that S.
boulardii treatment for 5 days reduces the mean duration of diarrhoea (3. 08 versus
4.68 days in placebo group, P < 0.05), the frequency of stools (on day 2: 54% versus
30% in placebo group had less than 3 stools/day, P = 0.019) and normalizes stool
consistency (on day 3: 76% versus 24% in placebo group, P = 0.019) (Htwe et al.,
2008).
2.2-1e. Diarrhoea in Patients with Total Enteral Feeding
Diarrhoea is the most frequent complication in enteral tube feeding (Whelan et al.,
2001). Alterations in the colonic microflora have been identified in patients
receiving enteral tube feeding and these changes may be associated with the
diarrhoea incidence (Schneider et al., 2000). S. boulardii can be used to prevent
these negative alterations and to reduce the diarrhoea incidence. The preventive
effect of S. boulardii has been assessed in a multicenter, randomized, double-bind
placebo-controlled study (Bleichner et al., 1997). A total of 128 critically ill patients
needing enteral nutrition for at least 6 days were included in the study. S. boulardii
administrated at the dose of 2 g/d reduced the mean percentage of days with
diarrhoea (14.2% versus 18.9% in the placebo group, odds ratio = 0.67, 95%,
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confidence interval: 0.50-0.90, P = 0.0069). This study confirmed the results
obtained in two previous clinical trials where S. boulardii administration decreased
the length of diarrhoea events (Schlotterer et al., 1987; Tempe et al., 1983).
2.2-1f. AIDS-Associated Diarrhoea
Acquired immune deficiency syndrome (AIDS) is a viral infection characterized by
immune cell dysfunction and subsequent immunodeficiency, as well as intestinal
disorder (Kotler et al., 1984). A randomized, double-bind placebo-controlled study
conducted in 35 patients showed that administration of S. boulardii (3 g/d) for one
week decreases the diarrhoea incidence. After 7 days of treatment, 61% of patients
were diarrhoea-free compared with 12% in the placebo group (P < 0.002) (SaintMarc et al., 1991).

2.2-1g. Inflammatory Bowel Diseases
Inflammatory bowel diseases (IBD) are characterized by a chronic course in which
phases of remission of variable length are interrupted by acute episodes. The two
main sub forms are ulcerative colitis and Crohn's disease. Intestinal inflammation in
ulcerative colitis is primarily limited to the colon whereas the whole gastrointestinal
tract can be involved in Crohn's disease (Xavier and Podolsky, 2007). In IBD,
genetical defects result in abnormal mucosal immune response overacting the
microflora and inducing intestinal inflammation (Strober et al., 2007). In a pilot
study conducted in 20 patients, administration of S. boulardii in addition to
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conventional therapy was found superior to placebo in promoting reduction of
bowel movements (Plein and Hotz, 1993). Furthermore, in another clinical trial
conducted in 32 patients, the preventive effect of S. bouiardii was evaluated in
relapses of Crohn's disease (Guslandi et al., 2000). After six months, patients treated
with mesalamine alone

(3 g/d) presented more clinical relapses compared to

patients receiving S. boulardii

(1 g/d) plus mesalamine (2 g/d) (37.5% versus

6.25%, P = 0.04). The same author evaluated the effectiveness of S. boulardii in the
treatment of ulcerative colitis in 25 patients. Administration of S. bouiardii (750
mg/d) plus mesalamine for 4 weeks resulted in clinical remission for 68% of
patients (Guslandi et al., 2003).
2.2-1h. Irritable Bowel Syndrome
Irritable bowel syndrome (IBS) is a chronic disorder involving a combination of
abdominal pain and change in bowel habit and bloating. Recent evidence suggests a
role of the microflora in IBS pathogenesis (Parkes et al., 2008). In a double-blind,
placebo-controlled study conducted in 34 patients with predominant episodes of
diarrhoea, treatment with S. boulardii decreased the daily number of stools (P <
0.05) and improved their consistency (P < 0.05) (Maupas et al., 1983).
2.2-2: Safety of Administration of S. boulardii
S. boulardii is administrated to patients in a lyophilized form and the treatment is
well tolerated. However, some rare cases of S. boulardii fungemias have been
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reported in patients with an indwelling central venous catheter (de Llanos et al.,
2006; Hennequin et al., 2000; Lherm et al., 2002). The origin of the fungemia is
thought to be either a digestive tract translocation or a contamination of the central
venous line by the colonized hands of health workers (Hennequin et al., 2000). This
raises the question of the risk-benefit ratio of S. boulardii in critically ill or
immunocompromised patients. Thus, administration of S. boulardii should be
contraindicated for patients of fragile health, as well as for patients with central
venous catheter (Herbrecht and Nivoix, 2005).

2.2-3: Experimental studies on Saccharomyces boulardii
These effects have been assessed in several studies and shown that S. boulardii
exerts beneficial mechanisms in animal models displaying YBD as well as in
pathogenic or opportunistic microorganism infection models such as Clostridum
difficile, Vibrio cholerae, Escherichia coli, Salmonella enterica subspecies enteric
serovar ryphimurium, Shigella flexneri, Citrobacter rodentum and Candida albicans
(Czerucka et al, 1994; Dahan et al., 2003; Chen et al, 2006; Dalmasso et al, 2006b;
Jawhara and Poulain, 2007; Mumy et al, 2007; Wu et al, 2008). These mechanisms
include the modification of host cell signaling pathways implicated in
proinflamatory response and in hydroelectrolytic secretion, the stimulation of host
immune defenses, the neutralization of bacterial toxins and the decrease of bacterial
adherence to intestinal epithelial cells, the maintenance of membrane permeability
and the inhibition of pathogen translocation.
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2.2-3a. Anti-Inflammatory Effects
Several experimental studies showed that S. boulardii interferes with the host cell
signaling pathways and decreases the expression of inflammation-associated
cytokines such : as interleukin 8 (IL-8), IL-6, IL-1β tumor necrosis factor alpha
(TNF-α) and interferon gamma (IFN-γ) (Dahan et al., 2003; Dalmasso et al., 2006b;
Mumy et al., 2007). These studies showed that the yeast can reduce inflammation
by blocking nuclear factor-kappa B (NF-KB) (Dahan et al., 2003; Mumy et al., 2007)
and mitogen- activated protein kinase (MAPK) activation (Chen et al., 2006; Mumy
et al., 2007),

decreasing nitric oxide (NO) production (Girard et al., 2005)

enhancing peroxisome proliferators-activated receptor-gamma (PPAR-γ) expression
(Lee et al., 2005) and by modulating T cell migratory behaviour (Dalmasso et al.,
2006a).

2.2-3b. Inhibition of NF-KB and MAPK activation
During the course of infection, activation of NF-KB and MAPK in intestinal
epithelial cells results in pro-inflammatory cytokines secretion and intestinal
inflammation. Clostridium difficile-toxin A induces intestinal inflammation, fluid
secretion and mucosal injury (Torres et al., 1990: Triadafilopoulos et al., 1987;
Triadafilopoulos et al., 1989). After stimulation with toxin A, S. boulardii
supernatant (<10 kDa) was shown to decrease IL-8 secretion in human colonocytes
and extracellular signal-regulated protein kinases 1 and 2 (ERK1/2) activation in
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both human colonocytes and murine ileal loops (Chen et al., 2006). In a model of
T84 human colonic cell line, S. boulardii inhibited also the NF-kB and MAPK
signalling pathways in enterohemorrhagic E. coli (EHEC) infected-T84 cells
resulting in the decrease of IL-8 and TNF-α secretion by epithelial cells (Dahan et
al., 2003; Dalmasso et al., 2006b). Furthermore, the decrease of IL-8 secretion was
observed in Shigella flexneri infected-T84 cells when the yeast or the yeast
conditioned medium were added to the monolayer culture (Mumy et al., 2007). This
decrease was greater for cells treated with the conditioned medium.
Furthermore, polymorphonuclear leukocytes (PMN) transepithelial migration
is reduced in presence of the yeast. This result could be explained by the decrease in
IL-8 secretion level since this cytokine has been previously shown to be
chemoattractant for PMN.
S. boulardii also decreased also phosphorilation and activation of ERK and
JNK MAP kinases and decreased the IKB phosphorilation and degradation during the
infection, thereby preventing NF-KB activation (Mumy et al., 2007). These events
are likely responsible for the decrease in IL-8 secretion and PMN transmigration.
These anti-inflammatory effects were confirmed in vivo with a model of human fetal
colonic tissue transplanted into severe combined immunodeficiency (SCID) mice
(Mumy et al., 2007).
In addition, recent data showed that the yeast produces a low molecular
weight soluble factor (<1 kDa) blocking NF-KB activation and NF-KB-mediated II-8
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gene expression in intestinal epithelial cells and monocytes (Sougioultzis et al.,
2006)
2.2-3c. Decrease of nitric oxide production
In IBD, production of high levels of NO is associated with inflammatory effects
(Dijkstra et at., 1998). Nitric oxide is released through conversion of L-arginine to
NO and L-citruliine. This reaction is catalyzed by three isoforms of the nitric oxide
synthase (NOS): Neuronal NOS, endothelial NOS and inducible NOS (Moncada et
al., 1991). The inducible NOS activity is up-regulated during immune activation and
can result in the synthesis of high levels of NO. S. boulardii inhibitory effect in
iNOS activity was displayed in the rat castor oil-induced diarrhoea model (Girard et
al., 2005). The citrulline level (a marker of NO production) was increased in the
colon of rats whereas S. boulardii administration was shown to block this
production. The same effect is reported with the inducible NOS inhibitor. These
results suggest that inducible NOS inhibition by S. boulardii may be beneficial in
the treatment of diarrhoea and/or IBD associated with overproduction of NO (Girard
et al., 2005).

2.2-3d. Enhancement of PPAR-γγ Expression
The PPAR-γ is a nuclear receptor expressed by several cell types including intestinal
epithelial cells, dendritic cells (DC), T and B cells, and can act as a regulator of the
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inflammation (Escher et al., 2001; Mansen et al., 1996; Su et al., 1999). It has been
shown that S. boulardii up-regulates PPAR-y expression in human colonocytes at
both mRNA and protein levels (Lee et al., 2005). This up-regulation is correlated
with a reduction of the human colon cell response to proinflammatory cytokines
(Lee et al., 2005). This anti-inflammatory effect was supported by previous data
showing that PPAR-γ ligands inhibited

NF-KB

activation and that TLR4-activated

PPAR-y in epithelium attenuated NF-KB signalling (Dubuquoy et al., 2003; Genolet
et al., 2004). A recent study showed that PPAR-γ expression in colonic epithelial
cells decreased pro-inflammatory cytokines levels and protects mice against
experimental IBD (Adachi et al., 2006). Thus, S. boulardii up-regulates PPAR-γ
expression which could be a therapeutic target in IBD.
2.2-3e. Modulation of T cell migratory behaviour
In a model of lymphocyte-transferred SCID mice displaying IBD, S. boulardii
administration decreased the production of IFN-γ and inflammation in the colon
(Dalmasso et al., 2006a). This observation was correlated with a modification of T
cells distribution. Indeed, the number of IFNy-producing CD4+T cells decreased
within the colon and there were more cells in the mesenteric lymph node. S.
boulardii appeared to be involved in the modification of lymph node endothelial cell
adhesiveness and in the recruitment of IFNy-producing CD4+T cells to this
location. These results suggested that S. boulardii administration could have indirect
beneficial effect in the treatment of IBD (Dalmasso et al., 2006a).
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2.2-4: Immuno-Modulatory Effects
Among the mechanisms used by probiotics to improve the host health, one of them
is the stimulation of the host immunity. Several studies demonstrated that S.
boulardii might induce a protective effect in modulating both innate and adaptive
host immunity to respond against pathogen infection.

2.2-4a. Saccharomyces boulardii effect on innate Immunity
Saccharomyces boulardii immunopharmacological effects in healthy human
volunteers have been evaluated and it has been (shown that the yeast triggered the
activation of the complement and the reticuloendothelial systems (Caetano et al.,
1986). In vitro, the yeast activates the complement and the migration of monocyte
and granulocyte (Caetano et al., 1986).
Furthermore, S. boulardii administration to germ-free mice was shown to
enhance the number of Kupffer cells (Rodrigues et al., 2000). These results indicate
that S. boulardii is able to stimulate the innate immune system.
2.2-4b. Saccharomyces boulardii effect on adaptive immunity
Saccharomyces boulardii oral administration to rats and mice has been shown to
stimulate the secretion of immune factors (Buts et al., 1990; Rodrigues etal., 2000;
Qamaretal., 2001). In the duodenal fluid of rats treated with the yeast, secretory
immunoglobulin A (sIgA) mean concentration was increased by 56.9% (versus

47

control P < 0.01) (Buts et al., 1990). Additionally, the secretory component was
significantly increased in the duodenal fluid (62.8% versus control, P < 0.01) as
well as in villus cells (69% versus control, P< 0.025) and in crypt ells (80% versus
control, P< 0.01) (Buts et al., 1990). The same effect was reported in mice
challenged with C. difficile toxin A (Qamar et al., 2001). Treatment with S.
boulardii caused a 1.8-fold increase in total sIgA levels (P= 0.003) and a 4.4-fold
increase in specific anti-toxin A sIgA levels (P < 0.001). The effect of S. boulardii
on the immune system was also evaluated by comparison of germ-free mice monoassociated with the probiotic and germ- free mice non- associated (Rodrigues et al.,
2000). Higher levels of sIgA both total and anti-S. boulardii were produced in the
small intestine of mono-associated mice (Rodrigues et al., 2000). These results
demonstrated that the yeast is able to enhance the secretion of mucosal immune
factors which protect the host against enteric pathogens.
After intravenous administration of E. coli B41, clearance of the human
pathogenic strain from the bloodstream of S. boulardii monoassociated mice was
more effective than in germ-free mice. More efficient clearance was correlated with
earlier production of lFN-yand IL-12 which is involved in the T-helper 1 response
(Rodrigues et al., 2000).
A further study in healthy human volunteers investigated the effect of S.
boulardii on lymphocyte phenotype (Jahn et al., 1996). Results were compared
before and after the yeast treatment. No phenotypic changes were observed in
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intestinal lymphocytes. However, CD4+T cells of the peripheral blood had a
significant increased expression of CD25 (P< 0.02) (Jahn et al., 1996). It has been
shown that CD4+ CD25+ T cells can display regulatory functions (Sakaguchi et al.,
1995; Sakaguchi et al., 2007).

2.2-5: Inhibition of Hydroelectrolytic Secretions
Saccharomyces boulardii inhibition of hydroelectrolytic secretions was widely
demonstrated in Vibrio cholerae infectious model (Czerucka et al., 1989: Czerucka
et al., 1994; Vidon et al., 1986). Vibrio cholerae produces a 84 kDa toxin (CT)
composed of two subunits: A and B. CT binds its intestinal receptor
(monosialoganglioside GM1) through the B subunit and catalyzes the activation of
adenylate cyclase through the A subunit. This activation results in an increase in
cyclic adenosine monophosphate (cAMP) levels triggering active secretion of
chloride and bicarbonate in crypt cells and inhibiting chloride absorption in the villi.
This perturbation in hydroelectrolytic secretions induces severe diarrhoea (Kaper et
al., 1994).
In a previous study, the model of jejunal intestinal loops in rats was used to
demonstrate the protective effect of S. boulardii in CT-induced pathogenesis (Vidon
et al., 1986). The loops injected with CT and then with the yeast presented a
significant decrease in the hydrosaline secretion. The inhibitory effect of S.
boulardii on CT was confirmed using rats' intestinal cell lines (IRD-98 and IEC-17)
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(Czerucka et al., 1989). Cells pre-incubated with the yeast and challenged with the
CT had a 50% decrease in the activity of cAMP. However, in this study, when S.
boulardii was killed, the inhibitory effect on cAMP disappeared. The same author
showed that incubation of IEC-6 cells (rat intestinal epithelial cells) with the yeastconditioned medium decreased the cAMP activity induced by CT. This effect
disappeared when the yeast-conditioned medium was denatured by heating, by
trichloroacetic acid precipitation or by trypsin hydrolysis suggesting the presence of
a secreted factor which has been characterized as a 120 RDa protein (Czerucka et
al., 1994). These results drove Czerucka and Rampal to evaluate in T84 cells the
effect of S. boulardii conditioned medium (Sto-CM) on chloride secretion mediated
by cAMP and calcium. Pre-incubation of cells with S&-CM reduced chloride
secretion mediated by cAMP agonists (CT, prostaglandin Ez, vasoactive intestinal
polypeptide and forskolin) and by charbachol, a muscarinic agonist implicated in the
calcium signalling pathways (Czerucka and Rampal, 1999). These studies
demonstrated that S. boulardii secreted a 120 kDa protein that interferes with
chloride secretion pathways and decreased diarrhoea caused by Vibrio cholerae
infection. An additional mechanism of protection was proposed with the adhesion of
CTtoa receptor on the yeast surface (Brandao et al., 1998). The authors suggested
that the yeast receptor could be able to bind the B subunit while the A subunit was
internalized and stimulated cAMP signals as well as cAMP-dependent trehalase
activity. This result supposes that the yeast and the mammalian CT receptors could
be structurally and functionally similar.
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2.2-6: Neutralization of bacterial toxins
It has been shown that S. boulardii has the capacity to release factors which
neutralize bacterial toxins and decrease the deleterious effects of infectious
pathogens (Buts et al., 2006; Castagliuolo et al,, 1996; Castagliuolo et al., 1999).
Clostridum difficile is responsible of AAD in humans and animals, and is one of the
most common nosocomial pathogens. Pathogenic C. difficile produces two
exotoxins, toxin A and toxin B which induce intestinal inflammation, fluid secretion
and mucosal injury (Pothoulakis, 1996). S. boulardii produces a 54 kDa serine
protease exerting a proteolytic activity on both toxin A and B (Castagliuolo etal.,
1996; Castagliuolo et al., 1999). This proteolysis results in the inhibition of toxins
binding on their intestinal receptors. Thus S. boulardii treatment enhances
transepithelial resistance, epithelial barrier integrity and decreases hydroelectrolytic
secretions in both rat ileum and colonic mucosa. S. boulardii produces also a 63 kDa
protein phosphatase that inhibits the LPS toxicity of enteropathogenic E. coli 055B5
by endotoxin dephosphorylation (Buts et al., 2006).

2.2-7: Decrease of bacterial adhesion to intestinal epithelial cells
Clostridum rodentium is a micro-organism that colonizes the colon of mice, causing
"attaching/effacing" lesions and colonic hyperplasia (Schauer and Falkow, 1993). In
addition to serving as model for EPEC and EHEC infection in small-animal, C.
rodentium can also serve as model for inflammatory bowel disease in mouse
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(Higgins et al., 1999). Recently, the beneficial effect of S. boulardii on C.
rodentium-induced colitis was assessed in mice (Wu et al., 2008). The improvement
effect of S. boulardii was associated with significantly reduced numbers of mucosal
adherent bacteria compared with infected untreated animals (P< 0.05). This effect
was not due to a bactericidal action but was correlated with a reduction in EspB and
Tir protein secretions, respectively a translocator and an effector protein implicated
in the type III secretion system (TTSS). The authors concluded that S. boulardii
maintains the epithelial barrier integrity and ameliorates inflammatory lesions
associated with C. rodentium infection by attenuating bacterial adherence to the
host cells through putative actions on TTSS (Wu et al., 2008). However, in some in
vitro models such as EPEC-infected T84 cells or Shigella-infected T84 cells
(Czerucka 2000, Mumy 2007), S. boulardii did not alter the number of adherent
bacteria.
2.2-8: Maintenance of epithelial barrier integrity
Several pathogenic microorganisms such as Shigella flexneri, enterohemorrhagic
and enteropathogenic C. coli have mechanisms of infection characterized by
bacterial adhesion to the intestinal mucosa resulting in alteration of tight-junctions,
disruption of membrane permeability and enterocyte secretion of pro-inflammatory
cytokines (Zanello et al., 2009). Saccharomyces boulardii acts on the epithelial
barrier in improving tight-junctions structure and in restoring membrane
permeability disrupted by infectious pathogens (Czerucka et al., 2000; Dahan et at.,
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2003; Mumy et al., 2007). In EPEC E2348/69,-infected T84 cells the monolayer
transepithelial resistance was decreased and the perijunctional distribution of tightjunction-associated protein Zonula occludens (ZO-1) was altered, resulting in the
disruption of epithelial barrier structure (Czerucka et al., 2000). In contrast, when
the infection was performed in the presence of S. boulardii, the transepithelial
resistance was not altered and ZO-1 protein distribution was preserved, suggesting a
protective effect of S. bouiardu on the tight-junctions structure of T84-infected cells
(Czerucka et al., 2000) (Figure 2D). Moreover, the yeast prevented the caspase-3
activation induced by EPEC infection and delayed apoptosis of T84 cells. In this
study, S. boulardii decreases EPEC induced ERKI/2-activation which seems to be
correlated with the decrease of the number of intracellular bacteria (Czerucka et al.,
2000). This study demonstrates that S. boulardii modulates the signalling pathways
induced by bacterial infection and thus exerts protective effects. The same effects
were observed after pre-incubation of S. boulardii in EHEC-infected T84 cells
(Dahan et al., 2003). During the bacterial infection, the myosin light chain protein
(MLC) is phosphorilated and the tight-junctions are disrupted. The MLC is
associated with a cytoskeletal protein in intercellular tight-junctions control. The
yeast abolished MLC phosphorilation and allowed to preserve the barrier function.
In Shigella-infected T84 cells, the yeast positively affects tight-junctions proteins
(claudin-1 and ZO-2) and significantly protects the barrier function (Mumy et al.,
2007). Shigella -infected cellular monolayer had a dramatic decrease in claudin-11
and ZO-2 levels. In the presence of the yeast, cellular monolayer exhibited larger
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amounts of these proteins. After 2 hours of infection, monolayers exposed to both
bacteria I and yeast displayed 75% of the barrier function compared to uninfected
controls (versus 50% for monolayers exposed to bacteria alone). These results
demonstrate that S. boulardii enhances the cell’s ability to restore tight-junctions
structure and barrier permeability.

2.2-9: Trophic effects on intestinal mucosa
Acute and chronic gastrointestinal diseases often induce diarrhoea. The microflora
and the intestinal mucosa are disrupted, resulting in a deficit of intestinal enzymatic
activity and transporter expression, and an increase of inflammation and water loss.
Several studies have shown that S. boulardii exerts trophic effects restoring the
intestinal homeostasis (Buts, et al., 1986; Jahn et al., 1996; Buts, et al.. 1999: Buts,
et al., 2002; Schneider et al., 2005). A study conducted in human volunteers and in
growing rats showed that oral administration of S. boulardii for 8 days increased the
activity of sucrase-isomaltase (+82%), lactase (+77%) and maltase-glucoamylase
(+75%). This increase was also observed in growing rats. However, this treatment
did not modify the intestinal morphology (Buts et al., 1986). These results were
confirmed in another study that reported an increase in lactase, α-glucosidase and
alkaline phosphatase activities after the yeast treatment (Jahn et al., 1996). These
results showed that S. boulardii enhances the release of brush-border membrane
enzymes implicated in the nutrient degradation and absorption. These intestinal
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enzymes are often altered during acute or chronic enteropathies. In a further study,
oral administration of the yeast during 8 days after a 60% proximal enterectomy in
rats improved dissacharidase activities, increased the absorption of D-glucose
coupled to Na+ as well as the expression of the sodium/glucose cotransporter-1
(SGLT-1) (Buts et al., 1999). SGLT-1 is implicated in water and electrolytes
reabsorbtion. Thus, these trophic effects enhanced by S. boulardii could be efficient
in the treatment of diarrhoea and congenital sucrase-isomaltase deficiency. Buts and
colleagues (1994) suggested that the increased expression of intestinal enzymes
could be in part due to an endoluminal release of polyamines by S. boulardii, mainly
spermine and spermidin. When rats were treated with 100 mg of lyophilized S.
boulardii containing 679 nmol. of polyamines or with 500 nmol. of purified
spermine, similar enzymatic responses were observed with an increase in sucrase
and maltase activities. Another effect of the yeast is based on the modification of
luminal short-chain fatty acids (SCFAs) concentration (Schneider et al., 2005).
Short chained Fatty acids which are among the most important metabolites produced
by anaerobic bacteria in the colon are involved in water and electrolyte absorption
by the colonic mucosa (Bowling et al., 1993). Patients on long-term total enteral
nutrition have a decrease in the number of fecal anaerobic bacteria and in fecal
SCFAs concentration (Schneider et al., 2000). A study showed that TEN-patients
treated with S. boulardii had an increase in total fecal SCFAs levels and total
SCFAs remained high 9 days after discontinuation of the treatment (Schneider et al.,
2005). The author concluded that this increase may explain the preventive effects of
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the yeast in TEN-induced diarrhoea. Finally, a further study demonstrated that the
yeast releases a leucine aminopeptidase enhancing endoluminal N-terminal peptide
hydrolysis in suckling rat small intestine and potentially preventing reactions to food
antigens when the barrier permeability is altered (Buts et al., 2002).

2.2-10: Conclusions on the Application of Probiotics in Human Medicine
Gastrointestinal diseases are characterized by an alteration of the microbial balance
and the intestinal homeostasis. Several clinical trials and experimental studies had
shown the role of S. boulardii as a good biotherapeutic agent in the prevention
and/or treatment of several gastrointestinal diseases. In comparison to probiotic
bacteria, the use of probiotic yeast is beneficial when the treatment is combined with
antibiotherapy (Zanello et al., 2009). Oral treatment with S. boulardii induces
modulation of the host cell signalling pathways implicated in proinflammatory
response and in hydroelectrolytic secretion, neutralization of bacterial toxins,
inhibition of pathogen translocation, stimulation of the host immune response,
restoration of intestinal permeability, and stimulation of brush-border membrane
enzymes and transporters (Zanello et al., 2009S). Thus, S. boulardii is involved in
the restoration of intestinal homeostasis. These beneficial effects are in part
mediated by secreted factors such as proteases, phosphatases and polyamines.
The recent advances in the understanding of mucosal immunology and the
discovery of S. boulardii immuno-modulatory and anti-inflammatory effects open a
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new field of perspectives. Several reports showed that S. boulardii induces a local
mucosal protection in the gut (Buts et al., 1990; Qamar et al., 2001; Rodrigues et al.,
2000). However, further studies are being recommended to evaluate if the yeast can
proceed as an "immunobiotic" by modulating adaptive immune factors to act in
other mucosal sites than the gut as the bronchial or the uro-genital mucosa (Clancy,
2003). Another question is to identify if the yeast can activate adaptive immune
factors involved in the entero-mammary link, conferring better protection to the
newborn (Bourges et al., 2008). Indeed, it has been shown that the yeast can
modulate the migratory behaviour of lymphocytes by modification of lymph node
endothelial cell adhesiveness (Dalmasso et al., 2006a). A better characterization of
the pathways involved in the anti-inflammatory response and the molecular
mechanisms implied is required. The discovery of T regulatory cells with antiinflammatory functions could lead to investigations if S. boulardii is able to
stimulate this population. In addition, S. boulardii effect on DCs could be
investigated to identify if the yeast could stimulate DC regulatory functions by
targeting specific pattern-recognition receptors.
2.3: Applications of Probiosis to Poultry
Probiotics for chicken are designed for two main reasons namely:
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a) To replace beneficial organisms that are not present in the alimentary tract
b) To provide the chicken with the effects of beneficial organisms.
Such beneficial organisms may be absent possibly because present methods of
husbandry prevent contact between the newly hatched chicks and its parents
preventing rapid vertical transfer of beneficial microorganisms or by management
practices which may disturb intestinal microecology (Barrow, 1992).
According to Barrow (1992), there are two major groups of probiotic
preparations based on their site of action: those which are primarily intended to be
effective in the crop and the anterior regions of the alimentary tract and those whose
effects are directed at the caeca. However, it is likely that both types of preparation
are to some extent, effective throughout the gut.
Among the first group are the lactobacillus cultures and preparations which
are thought to colonize the crop and small intestine in ways described by Fuller
(1978). They are thought to exert antibacterial effects against potential pathogens
(Fuller 1974, 1978) and are also considered to increase performance by an unknown
mechanism. There is less rationale for the later effect than the former. The
assumption is that once pathogen burden is reduced, the animal will naturally
perform better. Intestinal colonization is essential for the efficacy of probiotics.
Whether many of these organisms actually become established in the gut is
questionable since a number of criteria must be fulfilled to ensure colonization
ability (Morishita et al., 1971; Fuller, 1978; 1986). These criteria may include
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adhesion to the crop epithelium, ability to grow in the nutritional environment of the
gut and ability to resist innate or microbially produced inhibitory mechanisms.
From work with monocontaminated and decontaminated grotobiotic chicken,
Morishita et al., (1971) found that whereas avian strains of L. acidophilus, L.
plantarum and L. fermentum in addition to the non-intestinal L. plantarum and
L.casei colonized well, a human L. acidophilus strain L. melveticus and L. brevis
were rapidly eliminated from the alimentary tract. This indicated the importance of
choosing both the right species and strain.
A number of technical and experimental points must be considered in assessing the
value of probiotic preparations and assessing experimental work carried out by
others to do this.
Statistical and biological significance must be calculated but lack of significance in
one area does not necessarily imply insignificance of the other (Barrow, 1992).
Barrow further stated that statistical significance must be aimed for, but even if it
cannot be attained the result may nevertheless be of biological significance. For
example, a small but consistent weight gain may be economically significant for a
large number of birds even if it is not statistically significance.
A critical review of the available literature on the application of probiosis to poultry
performance and health is essential in assessing its value.
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2.3a. Probiotics for Chicken – historical overview
As with other mammals, the use of probiotics for poultry has developed out of our
increasing understanding of the microflora of the gastrointestinal tract although an
earlier observation suggested that the host and its intestinal micro flora were
interdependent. The intellectual basis for probiosis from Metchnikoff (1907), who
stated that, on balance, the intestinal microflora was detrimental to the host because
of absorption of toxic bacterial metabolites. By correlating the longevity of some
rural inhabitants of Bulgaria with their ingestion of fermented milk throughout their
life, Metchnikoff suggested that health status and longevity could be improved by
consumption of milk fermented by lactobacilli.
This description of the intestinal microflora in adversarial terms was
perpetuated by Dubos et al. (1965) who divided the indigenous microflora into the
autochthonous organisms, (such as Lactobacilli and Bacteroides, which had
developed an evolutionary symbiotic relationship with the host) and allochthonous
organisms (such as Eschericha and Clostridium which were potential pathogens).
These, together with non-enteric organisms acquired from the environment,
comprised the normal intestinal flora.
These descriptions are far too simplistic and must be seen as early models
attempting to describe several highly complex ecosystems. For instance, microbial
opportunism and true commensalisms were largely ignored. Regarding the flora as a
climax community in which every niche is occupied is also patently inaccurate.
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Their inadequate understanding of microbial taxa at that time presumably led to
regarding Escherichia coli as potential pathogen although many strains may be
beneficial to the host and can be used in that way (Linton et al., 1978; Duval-Iflah et
al., 1983). However, these hypotheses provided an important stimulus to studying
the microecology of the alimentary tract.
The early models had profound effect on the development of probiotics.
Many preparation currently used for poultry and other animals are based on the
assumption that the early hypotheses are correct with the result that the approach to
probiosis is often too simplistic.

2.3b. Probiotic Effect on Laying Hens
A number of different cultures and products have been tested in laying hens
producing equally variable results.
Krueger et al. (1977) reported the results of feeding a Lactobacillus and
complex to young Leghorn hens at a concentration of 2.27kg/ton. Three groups each
of treated and control pens housing 26 young females and 2 males were monitored
for 140 days. The treatment produced an improvement in egg production and feed
efficiency of 3.03 and 7.41% respectively. Cowford (1979) tested a mixed
lactobacillus preparation at 340g/ton in 101,615 commercial hens. The results
showed an increase in egg production from 69.5% in control hens to 72.17% in
treated birds. The amount of feed required to produce a dozen of eggs was reduced
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from 1.75 to 1.69kg. Miles et al. (1981a) carried out a study at three sites: Florida,
South Dakota and Arizona. A mixed lactobacillus was again tested in the feed at
varied levels of 0.0125, 0.0375 and 0.0625%. The viable counts of different batches
of probiotic were estimated at a minimum of 4x106 organisms per gram. The treated
and untreated feed was given to seven groups of ten layers from 24 weeks of age for
280 days. The results revealed an increase in egg production in Florida with
concentrations of 72.77, 72.57 and 70.88% in treated birds compared with 70.89%
for the control. Similar results were obtained at Arizona but not at South Dakota.
The absence of an increase at the higher level was attributed to excessive numbers
of organism, but this again suggest that probiotic is not dose dependent rather it is
threshold dependent.

2.3c. Effects on Broiler Performance
Couch (1978) reported several studies in broilers. In the first study, a lactobacillus
strain was incorporated in the feed at 0.025, 0.0375, 0.05. 0.0625 and 0.075%. The
birds were stressed due to abnormal cold weather. The results showed an increase in
growth rate in males of 7-10% and in the females of 5-6% among all the treated
groups. In a second study, chicken in battery cages were given feed containing 0.05,
0.1 and 0.2% cultures for a period of 3 weeks. The diet had suboptimal levels of
amino acid. But there was an accelerated growth when lactobacillus was
administered. Couch suggested, in line with many other claims that probiotics are of
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particular use when poultry are reared under stressful conditions. It is important to
add here that the poultry production system in the tropics is under serious stress due
to high ambient temperature and other management inadequacies.
Avends (1981) administered a bile acid-resistant Lactobacillus strain via the
drinking water to broilers held under field conditions. In the first trial, four houses
of birds containing 116,000 broilers were given 106 lactobacilli per day for 30 days.
The controls consisted of two houses of 58,242 birds. A 6% weight increase and 3%
feed conversion increase were observed. In a second trail comprising 31,000 birds
in treated and control groups, a 3% weight increase and 1% feed conversion
increase was obtained.

2.3d. Probiotic effects on other Poultry
Probiotic cultures have also been administered to turkeys and other poultry. In
several separate studies, the mixed lactobacillus preparation described in broilers
has been assessed in turkeys (Dilwarth and Day, 1978).
Francis et al. (1978) tested the commercial preparation in groups of 48 broadbreasted large white turkey poults administering 750mg per kg in the feed for 3
weeks. An increase in body weight from 4.11.8 to 424.6g was observed but feed
efficiency fell slightly from 1.40 to 1.39.
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This probiotic was also tested by Crawford (1979) who found a 6.1% weight
increase at 12 weeks of age after continuous administration of 0.2kg per ton.
2.4: Probiotic effects on other Livestock
Yeast and yeast- containing products has been used in ruminants diets for many
years as a source of protein and energy (Eckles and Williams, 1925; Carter and
Philips, 1944). However, since the late 1980s there has been an enormous increase
in interest in products based on yeast and/or filamentous fungi that are analogous to
probiotics and which enhance gut functions (Wallace and Newbold, 1992). These
researchers stated that products based on yeast or fungi were fed to adult ruminants
to achieve a production response that is unrelated to the prevention of diarrhea.
They further observed that these products nevertheless improve the nutrition of
growing or adult ruminants much more than would be expected from their gross
nutrient content. The products in current use contain either the yeast Sac. cerevisiae
or the aerobic fungus or sometimes both together, hence they A. oryzae are
sometimes described loosely as fungal feed additives or fungal probiotics. The
effectiveness of fungal probiotics stem from their influence on rumen fermentation,
so they fall into the category of rumenal modifiers among the so called growth
promoters (Wallace and Newbold, 1992).
In pigs, several organisms are used as probiotics while others are under
investigation as potential probiotics (Tuschy, 1986; Tournut, 1989). The major aim
of using probiotics in pigs is to improve the performance and health of the animals.
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Growth rate, efficiency of feed utilization, mortality and number of days with
diarrhea, sometimes irrespective of the cause, are most commonly measured
(Jonsson and Conway, 1992). Wilcock (2011) reported that supplementing live
yeast in pigs’ diet during lactation increased the quantity and quality of the milk
produced and improve the growth rate (+ 12%) of piglets. The researcher further
observed that weaning weight was increased by 0.73 kg while increasing number of
pigs weaned by 0.42 pigs per litter.

2.5: The Poultry Industry in Nigeria
Poultry production in Nigeria had undergone tremendous changes over the past five
decades, both in genotypes, management and technological advancement (Adejoro,
2000). Obioha (1992) attributed these changes to improvement in breeding, nutrition
and general management.
Poultry production is very important in the agriculture of developing
countries (Musangi, 1992). Smith (1990) stated that the supply of poultry products
in poorer countries could be rapidly expanded to meet the need for animal protein.
Smith further suggested that this is technically possible because poultry are able to
adapt to most areas of the world (including the tropics), have rapid generation time
and a high rate of productivity. Poultry continue to rank high in their ability to
convert feed into food products namely, meat and egg (Kekeocha, 1994). Poultry
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production is free from economic, technical, climatic, religious and social
constraints (Obioha, 2002).
The major problem in poultry meat and egg production in Nigeria is nutrition,
since it competes with man for the available cereal grains and their by-products. It is
worthy to mention that feed supply forms the principal cost of poultry production
[Sanisbury, 2002]. Feed supply is the major limiting factor in poultry production in
developing countries (Chantalakhana, 1990). The cost of feed alone accounts for 6580% of the total cost of production (Yegany, 2002; Anyaehie and Irole, 2008). The
greatest source of dilemma in poultry industry in Nigeria is the unprecedented
increase in the cost of poultry feedstuff especially maize and soya bean (Adene,
2004).
The scarcity of cereal grains and protein concentrates for poultry feed and
keen competition between man and livestock for same has been the major obstacle
in poultry development in Nigeria (PAN, 1985). The future for efficient and
profitable poultry production would therefore depend on finding low-cost and
alternative energy and protein sources to conventional feed ingredients (Ojewole,
1992).
Palm kernel cake (PKC) is one of the commonly recommended nonconventional feed ingredients used to partially replace maize or complement whole
poultry ration (Onwudike, 1986; Okeudo et al., 2005). Okeudo et al., (2005)
reported that inclusion of PKC at 28% and 35% for broiler starter and finisher
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respectively had no deleterious effect on production. Omeke et al., (2006)
recommended that 30% PKC inclusion for broiler diets makes for optimum
economic productivity.
The only problem with the use of PKC is the high crude fibre content (20.4%)
which reduces feed intake, decreases both digestibility and efficiency of utilization
of the feed (Dolberg et al, 1981). Hence these researchers recommended that PKC
should be treated to make it less fibrous and more digestible. Omeke et al (2006)
attempted to treat the PKC with sodium hydroxide to improve its nutritive value.
However, Sodium hydroxide is not a convenient compound to be handled by an
average farmer and the cost did not make it attractive.
Biotechnological options are available for enhancing the nutritive value of
agro-industrial

by

products

such

as

PKC

(Kundu

and

Kuma,

1987).

Biotechnological treatment to improve the digestibility of fibrous agricultural byproducts includes either the direct use of microorganisms or microbial enzyme
(Shaiful, 1992).
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CHAPTER THREE
MATERIALS AND METHODS
3.1: MATERIALS
3.1-1: Probiotic: The probiotic used for the study was yeast (Saccharomyces
cerevisiae), produced by B. F. P. Dock Road, Felixstowe, United Kingdom. The
quality of the bioactive yeast (Saccharomyces cerevisiae) was determined by
culturing in sabouraud dextrose agar (SDA) for 48 hours to know the level of
growth (bioactivity) and to ensure that there are no contaminants (i.e. no growth of
any other organism which may be pathogenic). The numbers of colony forming
units were determined.
3.1-2: Palm Kernel Cake (PKC):
Palm kernel cake is a readily available, relatively low cost agro-industrial byproduct that is commonly used as a non-conventional feed ingredient. It is the
product left after oil has been extracted from palm kernel. The quality of PKC
depends on whether the oil is mechanically or chemically extracted. The PKC used
for this study was one from which the oil was mechanically extracted.

The

proximate composition of the PKC on dry basis was crude protein (14.8%), crude
fibre (20.4%), ether extract (9.6%), nitrogen free extract (43.8%), ash (3.4%) and
metabolizable energy (2.44 Mcal/kg).
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3.1-3: Experimental Diets
The nutrient compositions of the feedstuffs used in the experimental diets are
shown in Table 2. The composition of the experimental chick mash, grower mash
and layers’ mash are shown in Tables 3, 4 and 5 respectively. The diets for all the
experimental groups were isocaloric and isonitrogenous.

Table 2: Nutrient composition of feedstuffs used in compounding the
experimental diets.

Nutrient Content
Ingredient

Crude Protein
(%)

Crude fibre
(%)
2.0

Metabolizable
Energy (kcal/kg)

Maize

9.0

3434.0

Palm kernel cake

15.0

20.4

3000.0

Soyabean meal

42.0

6.5

2700.0

Fish meal

65.0

1.0

2860.0

Wheat offal

17.0

8.5

1870.0
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Table 3: The nutrient composition of the chick mash used for the study showing the
varied levels of probiotic inclusion for the different groups.
Group A

Group B

Group C

Group D

(0.6g/kg

(0.8g/kg

(1.0g/kg

(0.0g/kg

probiotic)

probiotic)

probiotic)

No probiotic)

Maize

32.00

32.00

32.00

32.00

PKC

25.00

25.00

25.00

25.00

Soyabean meal

12.00

12.00

12.00

12.00

Fish meal

5.00

5.00

5.00

5.00

Wheat offal

18.44

18.42

18.40

18.50

Bone meal

5.00

5.00

5.00

5.00

Limestone

1.00

1.00

1.00

1.00

Probiotic

0.06

0.08

0.10

0.00

Salt

0.50

0.50

0.50

0.50

Lysine

0.30

0.30

0.30

0.30

Methionine

0.20

0.20

0.20

0.20

Premix

0.50

0.50

0.50

0.50

Total

100

100

100

100

Ingredients
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Table 4: The nutrient composition of the grower mash used for the study showing
the varied levels of probiotic inclusion for the different groups.
Group A

Group B

Group C

Group D

(0.6g/kg

(0.8g/kg

(1.0g/kg

(0.0g/kg

probiotic)

probiotic)

probiotic)

No probiotic)

Maize

40.00

40.00

40.00

40.00

PKC

25.00

25.00

25.00

25.00

Soyabean meal

4.00

4.00

4.00

4.00

Fish meal

5.00

5.00

5.00

5.00

Wheat offal

18.44

18.42

18.40

18.50

Bone meal

5.00

5.00

5.00

5.00

Limestone

1.00

1.00

1.00

1.00

Probiotic

0.06

0.08

0.10

0.00

Salt

0.50

0.50

0.50

0.50

Lysine

0.30

0.30

0.30

0.30

Methionine

0.20

0.20

0.20

0.20

Premix

0.50

0.50

0.50

0.50

Total

100

100

100

100

Ingredients
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Table 5: The nutrient composition of the layers’ mash used for the study showing
the varied levels of probiotic inclusion for the different groups.
Group A

Group B

Group C

Group D

(0.6g/kg

(0.8g/kg

(1.0g/kg

(0.0g/kg

probiotic)

probiotic)

probiotic)

No probiotic)

Maize

35.00

35.00

35.00

35.00

PKC

25.00

25.00

25.00

25.00

Soyabean meal

12.00

12.00

12.00

12.00

Fish meal

5.00

5.00

5.00

5.00

Wheat offal

15.44

15.42

15.40

15.50

Bone meal

5.00

5.00

5.00

5.00

Limestone

1.00

1.00

1.00

1.00

Probiotic

0.06

0.08

0.10

0.00

Salt

0.50

0.50

0.50

0.50

Lysine

0.30

0.30

0.30

0.30

Methionine

0.20

0.20

0.20

0.20

Premix

0.50

0.50

0.50

0.50

Total

100

100

100

100

Ingredients
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Table 6: The proximate composition of the chick mash, grower mash and layers’
mash used for the study
Nutrients

Chick Mash

Grower Mash

Layers’ Mash

Dry Matter (%)

85.00

88.25

90.00

Moisture (%)

15.00

11.75

10.00

Crude Protein (%) 17.85

15.05

16.96

Crude Fibre (%)

8.26

8.12

8.04

Ether Extract (%)

1.55

3.25

1.55

Ash (%)

6.55

2.35

15.70

2840.14

2750.08

2694.61

Metabolizable
Energy (kcal./kg)

3.1-4: Experimental Birds; A total of 110 day-old pullet chicks (Dominion breed)
were procured from Zateck company limited, Ibadan, Nigeria, and used for the
study.
3.2: GENERAL EXPERIMENTAL DESIGN
The day-old pullet chicks were brood together for 4 weeks, after which 100 pullets
were randomly selected and placed in 4 pens (A-D) of 25 birds each. Each group
was subdivided into 5 replicates of 5 birds each. Groups A, B and C had their feed
supplemented with probiotic (S. cerevisiae) at graded levels of 0.6 g , 0.8 g and 1.0
g per kg of feed, respectively. Group D diet had no probiotic (control).
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At the 5th week, the pullets were given 50 g of feed / bird/day. This quantity was
gradually increased at the rate of 10 g/week to 100 g/bird/day at the 10th week of
age. They were maintained on this 100 g/bird/day until their 16th week. By 16th
week, they had 110 g/bird/day. The birds were gradually introduced to layers’ mash
at point of lay and their ration was increased to 120 g/bird/day.
Vaccination was performed as specified by National Veterinary Research Institute,
Vom. Coccidiosis and other diseases that cannot be vaccinated against were
prevented by `strategic chemoprophylaxis.
3.3: METHODS
3.3-1: Determination of effects of varied levels of probiotic inclusion on
pullet development
From the 5th week to onset of egg laying, the pullets were weighed every week using
analytical balance. Each replicate of 5 birds were put into a plastic basket with
cover, weighed and the weights were recorded. The birds were weighed seventeen
times (i.e. 17 weeks).
3.3-2: Haematological determinations
At weeks 9, 15 and peak of egg laying (20th week of laying), 5 birds were randomly
selected from each pen and 2ml. of blood was collected from the wing vein into a
sample bottle containing EDTA. The blood sample was used to determine packed

74

cell volume (PCV) haemoglobin concentration (HbC), total leukocyte count (TLC)
and differential leukocyte count.
3.3-2a. Determination of packed cell volume
Name of Method:
Microhaematocrit method (Coles, 1986).
Method
The packed cell volume (PCV) was determined by the microhaematocrit method
(Coles 1986). A microcapillary tube was nearly filled with the blood sample and
sealed at one end. It was centrifuged at 10,000 revolutions per minute for 5 minutes
using a micro-haematocrit centrifuge. After centrifugation, the PCV was read using
a microhaematocrit reader.
3.3-2b. Determination of haemoglobin concentration
Name of method
Cyanomethaemoglobin method (Kachmar, 1970)..
Procedure
The haemoglobin concentration of the blood samples was determined by the
cyanomethaemoglobin method (Kachmar, 1970). Five mililitres of Drabkin’s
haemoglobin reagent was added to a clean test tube. Then 0.02ml of the blood
sample was added to the reagent and mixed properly. The mixture was allowed to
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react for 20 minutes, and the absorbance was read at 540nm wavelength against a
reagent blank on a spectrophotometer. Standards were also prepared as above and
also read at 540 nm. The haemoglobin concentration of the blood sample was
obtained multiplying the absorbance of the sample with a calibration factor derived
the absorbance and concentration of the standard.
3.3-2c. Total white blood cell count
Name of Method
Haemocytometer method (Schalm et al., 1975).
Method
Blood (0.02 ml.) was pipetted into a small test tube containing 0.38ml of white
blood cell diluting fluid to make a 1:20 dilution of the blood sample. The diluted
sample was loaded on to the Neubauer counting chamber, and all cells on the four
corner squares were counted using a light microscope at X10 objective. The number
of cells counted for each blood sample was multiplied by 50 to obtain the total white
blood cell count per microlitre of blood (Schalm et al, 1975).
3.3-2d. Differential white blood cell count
Name of method:
Leishman Technique (Schalm et al., 1975).
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Method
The blood sample was shaken gently and a drop of blood was placed on a clean
grease-free slide. The drop of blood was carefully smeared on the slide using a
cover slip to make a thin smear. The smear was air-dried and thereafter stained by
the Leishman technique using Leishman stain. The stained slides were later
examined with an immersion objective using a light microscope. 200 cells were
counted by the longitudinal counting method and each cell type was identified and
scored using the differential cell counter. Results for each type of white blood cell
was expressed as a percentage of the total count and converted to the absolute value
per microlitre of blood (Schalm, et al, 1975).
3.3-3: Determination of digestibility of the experimental diets
Three birds from each group were randomly selected and placed in a cage for faeces
collection. They were allowed to acclimatize for 4 days. Total feed consumed by
each bird for ten days were determined. The total quantity of faeces voided by each
bird was collected and weighed.
3.3-3a. Proximate Analysis
Proximate analysis (AOAC, 1990) of both feed and faeces was carried out. The
apparent digestibility of the dry matter, organic matter, crude protein and crude fibre
for each group was calculated using the following formula (Crampton and Harris,
1969).
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Percentage digestibility of protein

=

dry wt.of diet eaten x % crude protein in diet dry wt of faeces voided x % of crude protein in faeces 100
×
dry wt.of diet eaten x % of crude protein in diet
1

3.3-3b. Determination of Dry Matter of Feed and Faeces
Dry matter was obtained by determining the moisture content and subtracting the
value from 100.
Procedure
Aluminum dish was dried in an electric drying oven for 10 minutes at 1100C. It was
cooled in a decicator for 5 minutes. The dish was weighed on the analytical balance.
2 g of sample was transferred to the dish and weighed. The moisture dish was
placed in an electric air oven for 2 hours at 1100C. The dish was cooled in a
decicator and weighed. Moisture dish was replaced in the oven for ½ hour, cooled in
a decicator and weighed. This was repeated until a constant weight was obtained. A
duplicate determination was made and average value was obtained.
Percentage of moisture content of the sample was calculated.
Percentage dry matter was obtained by subtracting % moisture from 100.
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3.3-3c.Determination of Organic Matter of Feed and Faeces
Organic matter was obtained by determining the ash content and subtracting the
value from 100.
Procedure
The muffle furnace was turned on and made to heat up to 6000C.
The crucible and lid were weighed on analytical balance. 2 g of sample was added
and weighed. The covered crucible containing the sample was placed in a muffle
furnace previously heated to 6000C. This temperature was maintained for 3 hours
after which they were transferred to decicator, cooled and weighed.
The crucible and sample was reheated in the muffle furnace at 1 hour
intervals until a constant weight was obtained. A duplicate determination was
simultaneously made and average percentage ash obtained.
Percentage organic matter was obtained by subtracting the %ash from 100.
3.3-3d. Determination of Crude Protein of Feed and Faeces
Procedure
100 mg of feed sample was weighed. This sample was wrapped in a nitrogen free
paper and dropped into a 30 ml kjeldahl flask.1.9 g potassium sulfate, 40 mg
mercuric oxide and 2.8 ml sulfuric acid were added to the flask. Boiling chips were
also added. This was allowed to digest for one hour. When digestion was completed,
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the kjeldahl apparatus was allowed to cool. Minimum quantity of water was added
to dissolve the solids.
5 ml of 2% boric acid was placed into a 100 ml conical flask. 3 drops of mix
indicator was added. The receiving flask was placed so that the tip of the condenser
tube was below the surface of the boric acid. 10 ml of sample was pipetted into the
distiller. 10 ml of 40% NaOH was also added. The joints were tightened and about
50 ml was distilled into the receiving flask.
The receiver flask was placed aside ready for titration. With 0.01N HCL in a pipette,
titration was made until grey end point was attained.
Percentage Nitrogen (N) was calculated.
Percentage crude protein was obtained by multiplying %N with 6.25.
3.3-3e. Determination of Crude Fibre of Feed and Faeces
Procedure
5 g (W1) of deflated sample (dried residue after ether extraction) was transferred
into 500 ml conical flask. 200 ml of boiling 1.25% H2SO4 was added and made to
boil gently for 30 minutes. This was filtered through linen cloth by suction using
buncher funnel. It was rinsed with hot distilled water and materials were separated
back into the flask with spatula.
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200 ml of boiling NaOH and few drops of antifoaming agent were added and
made to boil gently for 30 minutes. This was filtered through linen cloth and washed
with hot distilled water. It was rinsed four times with hot distilled water, twice with
methylated spirit and three times with ethanol.
The residue was servaged into a crucible after draining, dried in an oven at
1100C, cooled in a desiccator and weighed (W2).
The crucible was transferred to a muffle furnace at 6000C for 30 minutes. It
was removed and cooled in a desiccator and weighed again (W3)

% Crude Fibre =

W 2 − W3 100
×
W1
1

3.3-4: Determination of effects of varied levels of probiotic inclusion on
hen-day egg production and egg quality
Eggs were collected three times daily (morning, afternoon and evening). All the
eggs from each group were weighed using analytical balance and recorded daily.
The quantity of eggs collected from each group in each month was determined. At
the end of the pullet year, the value for each month was used as a replicate to
determine the mean hen-egg production for the twelve months. This was repeated
for the hen year.

81

3.3-5: Determination of external egg quality
3.3-5a. Egg Weight and Shell Weight
Each month, 10 eggs were randomly selected from each experimental group and
weighed using electronic weighing balance. The eggs were broken and shells were
weighed with the same balance. This was repeated ten times.

3.3-5b. Shell thickness
The thicknesses of the shells were measured at three points namely; middle and two
ends using Ames paper thickness gauge and values were recorded in millimeter
according to the method described by Austic, 1977.
3.3-5c. Egg Length and Width
The length and width of the 10 eggs from each group were measured using Vernier
Caliper (Choi et al, 1983).
3.3-6: Serum and egg biochemistry determinations
Five birds were randomly selected from each group and about 3.0 ml. of blood was
collected from each bird. The blood samples were allowed to clot in a sample bottle
and serum harvested was used to determine the following;
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3.3-6a. Determination of serum cholesterol
Name of method:
Enzymatic colorimetric test (CHOD – PAP method) for the in vitro determination of
cholesterol in serum or plasma, using Quimica Clinica Applicada (QCA)
Cholesterol test kit (QCA, S. A. Spain)
Methodology
Clean test tubes were labelled Standard 1, Standard 2 and Blank. 1ml. of the
working reagent was put into each test tube. 0.01 ml. of the serum sample was
added to each tube, mixed well and allowed to stand for 10 minutes at room
temperature. Also, 0.01 ml. of the standard solution was added to each tube, mixed
well and kept to stand for 10 minutes at room temperature. The absorbance of the
sample and standard were red against the blank reagent at 505 nm wavelength.
The cholesterol content of each of the samples was calculated using the following
formula:
Absorbance of sample x 200
Absorbance of Standard

1

The results were expressed in mg cholesterol/dl.
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3.3-6b. Determination of egg cholesterol
Ten eggs were randomly selected from each group and used to determine the egg
cholesterol content. Each egg was broken and the content thoroughly mixed
together.
Name of method
Enzymatic colorimetric test (CHOD – PAP method) for the in vitro determination of
cholesterol in serum or plasma (Allain et al,, 1974), using Quimica Clinica
Applicada (QCA) Cholesterol test kit (QCA, S. A. Spain)
Methodology
Clean test tubes were labelled Standard 1, Standard 2 and Blank. 1ml. of the
working reagent was put into each test tube. 0.01 ml. of the homogenized egg
sample was added to each tube, mixed well and allowed to stand for 10 minutes at
room temperature. Also, 0.01 ml. of the standard solution was added to each tube,
mixed well and kept to stand for 10 minutes at room temperature. The absorbance of
the sample and standard were red against the blank reagent at 505 nm wavelength
(Allain et al,, 1974)..
The cholesterol content of each of the samples was calculated using the following
formula:
Absorbance of sample x 200
Absorbance of Standard

1
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The results were expressed in mg/dl.
3.3-6c. Determination of serum total protein
Name of method
Direct Biuret method for the ‘in vitro’ determination of total protein in serum or
plasma (Lubran, 1978).
Methodology
12 clean test tubes (3 per group) were appropriately labelled. Also 2 standard (SD1
and SD2) and 2 blank (B1 and B2) test tubes were labelled. 0.02 ml. of the serum
sample was put into each of these appropriately labelled test tubes and 0.02 ml. of
the standard was put into the test tubes labelled SD1 and SD2. Nothing was put into
the test tubes labelled B1 and B2. 1.0 ml. of Biuret reagent was added to all the test
tubes (both those containing samples, standards and blanks). Each test tube was
mixed and allowed to stand for 10 minutes at room temperature. The absorbance
was red for samples and standards agaist the contents of the blank at 540 nm
wavelengt (Lubran, 1978)
The total proteins were calculated using the following formula:
Total proteins (g/dl) = Absorbance of Sample x 5 `
Absorbance of Standard

1
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3.3-6d. Determination of serum Alkaline Phosphatase (ALP)
Name of method:
Phenolphthalein monophosphate method for the in vitro determination of
alkaline phosphatase in serum or plasma was used (Klein et al., 1960; Babson et al.,
1966) using Quimica Clinica Applicada (QCA) test kit. (QCA, Spain)

Procedure:
Colour developer was prepared by adding one vial of colour developer salt to 250
ml. de-ionized water. 1.0 ml. of de-ionized water was put into a clean test tube and 1
drop of chromogenic substrate was added, mixed and incubated at 370C for 20
minutes. 5 ml. of colour developer was added. The absorbance against blank water
was red at 550 nm wavelength.
The standard was prepared by putting 1 ml. of water into a clean test tube and
adding 1 drop of chromogenic substrate. This was mixed and incubated for 20
minutes. 5 ml. of colour developer was added and the absorbance was red at 550 nm
wavelength.
The following formula was used to obtain the alkaline phosphates
concentration in the serum sample:

Absorbance of Sample x 30
Absorbance of Standard 1

= IU/L of alkaline phosphatase
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3.3-6e. Determination of serum alanine amino transferase (ALT)
Name of method:
GPT (ALT) determination by the Reitman-Frankel colorimetric method for in-vitro
determination of GPT/ALT in serum or plasma (Reitman. and Frankel, 1957) using
a Quimica Clinica Applicada (QCA) test kit (Quimica Clinica Applicada, Spain)
Methodology
0.5 ml of Reagent A (GPT substrate solution) was put into a clean test tube and
incubated for 5 minutes at 37ºC. 0.1 ml of serum sample was added and the mixture
was incubated for 30 minutes at 37ºC.
The standards were prepared as follows:
Tube 1 – 0.1ml deionized water + 0.5ml Reagent A
Tube 2 – 0.1ml deionized water + 0.45ml Reagent A + 0.05ml of Standard.
Tube 3 – 0.1ml deionized water + 0.40ml Reagent A + 0.10ml of Standard
Tube 4 – 0.1ml deionized water + 0.35ml Reagent A + 0.1 5ml of Standard
Tube 5 – 0.1ml deionized water + 0.30ml Reagent A + 0.20ml of Standard
0.5 ml of colour developer (Reagent B) was added to both sample tubes and the
standards and left to stand for 20 minutes at room temperature. 5ml of NaOH
working solution (diluted Reagent C) was added and allowed to stand for 15
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minutes at room temperature. the transmittance of both samples and standards
was red at 505nm against deionized water blank.
To get the GPT/ALT activity/value of the samples, the transmittance obtained for
the samples were interpolated in the calibration curve made from the standards; the
results were expressed in SI units (International units per litre (IU/L)).

3.3-6f. Determination of aspartate amino transferase (AST)
Name of method:
GOT (AST) determination by the Reitman-Frankel colorimetric method for in-vitro
determination of GOT/AST in serum or plasma (Reitman. and Frankel, 1957) using
a Quimica Clinica Applicada (QCA) test kit (Quimica Clinica Applicada, Spain).

Methodology
0.5 ml of Reagent A (GOT substrate solution) was put into a clean test tube and
incubate for 5 minutes at 37ºC. After incubation, 0.1 ml of serum sample was added
and the two were Incubate for 60 minutes at 37oC.
The standards were prepared as follows:
Tube 1 – 0.1ml deionized water + 0.5ml Reagent A
Tube 2 – 0.1ml deionized water + 0.45ml Reagent A + 0.05ml of Standard.
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Tube 3 – 0.1ml deionized water + 0.40ml Reagent A + 0.10ml of Standard
Tube 4 – 0.1ml deionized water + 0.35ml Reagent A + 0.1 5ml of Standard
Tube 5 – 0.1ml deionized water + 0.30ml Reagent A + 0.20ml of Standard
Tube 6 – 0.1ml deionized water + 0.25ml Reagent A + 0.25ml of Standard
Next, 0.5 ml of colour developer (Reagent B) was added to both sample tubes and
the standards and left to stand for 20 minutes at room temperature. After, 5ml of
NaOH working solution (diluted Reagent C) was added and the mixture was
allowed to stand for 15 minutes at room temperature. The transmittance of both
samples and standards was red at 505nm against deionized water blank.
To get the GOT/AST activity/value of the samples, the transmittance obtained
for the samples were interpolated in the calibration curve made from the standards
and the results were expressed in SI units (International units per litre (IU/L))
(Reitman. and Frankel, 1957)).

3.3-6g. Determination of uric acid in serum
Name of method:
Modified Trinder’s enzymatic colorimetric method for the in vitro determination of
uric acid in serum or urine (Fossati, 1980) using a Quimica Clinica Aplicada (QCA)
uric acid test kit (QCA, Spain).

89

Procedure:
12 clean test tubes were labelled (3 per group) and serially arranged. Also, two
standards (SD1 and SD2) and one blank test tube were labelled and arranged. 1.5
ml. of the uric acid working reagent was put into each test tube. 0.03 ml. of the
serum sample was added into the test tubes labelled for samples. 0.03 ml of the uric
acid standard was added to each of the test tube labelled SD1 and SD2. Nothing was
added to the test tube labelled blank. All the test tubes were thoroughly mixed and
incubated at 370C for 10 minutes. The absorbance against the working blank reagent
was red at 505 nm wavelength (Fossati, 1980).
Calculation:
The uric acid concentration (mg/dl) is obtained using the formula:
Absorbance of Sample
Absorbance of Standard

×

5

= mg uric acid/dl.

1

3.3-7: Hormonal assay
3.3-7a. Determination of Luteinizing Hormone (LH)
Assay Procedure
The desired numbers of coated microwells were secured in the holder. 50µl. of
standard, sample and control were dispensed into the appropriate wells. 100 µl. of
enzyme conjugated reagent was dispensed into each well, gently mixed for 30
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seconds and incubated at room temperature for 45 minutes. Incubation mixture was
removed by flicking the plate contents into a sink. The microtiter wells were rinsed
and flicked 5 times with deionised water. The wells were sharply struck onto
absorbent paper to remove all residual water droplets.
100 µl. of TMB reagent was dispensed into each well, gently mixed for 10
seconds and incubated at room temperature for 20 minutes. The reaction was
stopped by adding 100 µl. of stop solution to each well, mixed gently for 30 seconds
and the optical density at 450 nm were red with computerized microtiter plate
reader.

3.3-7b. Determination of Follicular Stimulating Hormone (FSH)

Assay Procedure
The microtiter wells were appropriately labelled and secured. 50 µl. of standard and
serum samples were dispensed into their respective wells. 100 µl. of conjugate was
added into each well except well A1which was preserved for substrate blank. The
wells were covered with foil supplied in the kit and incubated for 1 hour at room
temperature. At the end of the incubation, the contents of the wells were washed 3
times with 300 µl. of diluted wash solution. At the end, remaining fluid were
carefully removed by tapping strips on tissue paper. Next, 100 µl. of TMB substrate
solution were dispensed into all the wells and incubated at room temperature for
exactly 15 minutes. Thereafter, 100 µl. of stop solution was dispensed into all the
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wells in the same order and at the same rate as for the TMB substrate solution. The
absorbance of the serum sample was measured at 450 nm within 30 minutes after
addition of the stopper using computerized microtiter plate reader.

3.3-7c. Determination of Progesterone
Assay Procedure
The desired numbers of microtiter wells were secured. 25 µl. of 17 α-OHP standard,
control and samples were dispensed into the appropriate wells. 250 µl. of enzyme
conjugate was dispensed into each well, mixed thoroughly for 10 seconds and
incubated at room temperature for 60 minutes. The content of the wells were briskly
shaked out and wells were rinsed 3 times with diluted wash solution (400 µl. per
well). The wells were sharply struck on the absorbent paper to remove all residual
droplets. 200 µl. of substrate solution was added to each well and incubated at room
temperature for 15 minutes. The enzymatic action was stopped by the addition of
100 µl. of stop solution to each well. The absorbance (OD) of each well was
determined at 450 ± 10 nm with a computerized microtiter plate reader.

3.3-8: Determination of effects of varied levels of probiotic inclusion on the
anatomy of the gastrointestinal tract
Five layers were randomly selected from each group, slaughtered, eviscerated and
the length of duodenum, jejunum, ileum, colon and rectum were measured with a
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thread and the thread was measured with a meter rule. Their weights were
determined with electronic weighing balance.
3.3-9: Determination of effects of varied levels of probiotic inclusion on
water consumption
At the peak of egg laying (40th week of age), the quantity of water consumed
everyday by each experimental group was measured by giving them a known
quantity of water in the morning. The quantity left by the next morning was
measured in a calibrated cylinder. The amount consumed was the difference
between the quantity given and the left over. This study lasted for ten weeks.
3.3-10: Carcass assessment of the spent layers
Five layers were randomly selected from each group and their live weights were
determined using a weighing balance. They were slaughtered following the
modified Kosher’s method and hanged to bleed. After bleeding, their killing out
percentage was determined. The birds were immersed in hot water for some
minutes, brought out and plucked. Intestines, visceral organs and offal were
removed. The carcass weight was measured in a weighing balance. The dressing
percentages were determined. The organs namely, heart, liver, kidney, spleen and
gizzard were weighed and the relative organ weight determined.
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3.3-11: Benefit – cost analysis of the experimental diets.
Gross margin analytical tool was used to perform the benefit – cost analysis. The
cost per egg was twenty naira. Monies realised from daily, weekly and monthly egg
sales were recorded for each group. The revenue realized per month was used as a
replicate. Repeat measure analysis of variance was performed and the post-hoc
revealed the mean and standard error for each experimental group. Duncan’s new
multiple range test was used to compare the means.

3.3-12: Data analysis
Pullet weekly weight gain, hen-day egg performance and daily water consumption
were analyzed using repeat analysis of variance.
Result of haematology, apparent digestibility coefficients, serum biochemistry,
hormonal assay, weight and length of the reproductive and gastrointestinal tract as
well as carcass assessment were analyzed with one-way analysis of variance.
Variant means were compared using Duncan’s New Multiple Range Test.
Significance levels were accepted at P < 0.05.
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CHAPTER FOUR
RESULTS
4.1: Quality of the Saccharomyces cerevisiae used for the study.
On culturing of the bioactive yeast on Sabourard Dextrose Agar (SDA), 47 colonies
were obtained. The volume plated was 0.1 ml. and the total dilution used was 10-7 ,
giving us 4.7 x 10-9 colony forming units per ml. (CFU/ml.).

4.2: Effects of varied levels of probiotic inclusion on pullet development
The results of the weekly body weight measurements are presented in Table 7.
There were no significant (p>0.05) differences between the mean body weights of
the different groups at week 5 of age, but from week 6 to 8 of age the group B birds
fed diets supplemented with 0.8 g/kg probiotic had a significantly higher body
weights (p<0.05) than the control (unsupplemented group) pullets. At week 9 of age
however, there were no significant differences (p>0.05) in the body weights of all
groups. At week 10, the body weights of the pullets in groups B and C
supplemented with 0.8 g/kg and 1.0 g/kg of probiotic were significantly higher
(p<0.05) than that of the control (unsupplemented) group (Table 7). From week 11
to 17 of age there were no significant (p>0.05) differences in the body weights of
the groups (Table 7).
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Results of the weight gain, feed intake, feed conversion ratio and feed
efficiency of the pullets across the pullet development period are presented in Table
8.. Weight gain across the pullet development period (5th to 16th week of age) was
highest in group C (1.12 ± 0.02 kg/bird) followed by group B and then A and D
(Table 8). The feed intakes were the same (8.12 kg/bird), but the feed conversion
ratio was highest in group D followed by group A and B and lastly C (Table 8). The
feed efficiency was highest in group C followed by group B, then group A and D
(Table 8).
4.3: Results of haematological determinations
The results of the haematological parameters are presented in tables 9, 10 and 11.
At week 9, the PCV of group C pullets was significantly (P<0.05) higher than that
of other groups (Table 9). There were however, no significant variations (p>0.05) at
week 9 between the haemoglobin concentration, RBC count, total leukocytes count,
heterophil, lymphocyte, monocyte and basophil counts of all the groups (Table 9).
The eosinophil counts of the group C pullets was significantly (p<0.05) lower than
that of the control pullets at week 9 (Table 9).
The haematological evaluations at week 15 showed that the group C birds
had a significantly higher (p<0.05) PCV than other groups, but there were no
significant variations (p>0.05) between the groups in all other haematological
parameters assessed (Table 10).
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The 20th week haematological determinations showed that the total WBC
counts of the group C layers was significantly (p<0.05) higher than those of groups
A and D (Table 11). At this week 20, the heterophil counts of the group A was
significantly (p<0.05) higher than that the group C, while the lymphocyte counts of
the group C were significantly (p<0.05) higher than that of the group A (Table 11).
4.4:

Effects of varied levels of probiotic inclusion on digestibility of the
experimental diets
Results of the apparent digestibility coefficients of the grower mash are

shown in Table 12 while the results of the apparent digestibility coefficients of
layer’s mash are presented in Table 13. For the grower mash, the dry matter
digestibility of the groups A, B and C diets were significantly higher (p<0.05) than
that of the group D – control (Table 12). The organic matter digestibility
coefficients of the supplemented diets were significantly higher (p<0.05) than that
of the unsupplemented control (group D) and within the supplemented groups, that
of group B was significantly higher (p<0.05) than that of groups A and C (Table
12). The crude protein and crude fibre digestibility coefficients followed the same
pattern as that of organic matter, with the supplemented groups being higher than
the control, and within the supplemented groups, group B being highest (Table 12).
Dry matter digestibility coefficient of the layers’ mash of the supplemented
groups were significantly higher (p<0.05) than that of the control, but within the
supplemented groups, that of group C was highest followed by that of group B
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(Table 13). The organic matter, crude protein and crude fibre digestibility
coefficients of the supplemented groups were significantly (p<0.05) higher than that
of the control (unsupplemented) group, and within the supplemented groups, that of
group C was highest all through (Table 13).
4.5: Effects of varied levels of probiotic inclusion on onset of egg lay, hen-day
egg production and egg quality.
Birds in group B which received 0.8 gm of probiotic per kilogramme of diet,
started laying at 18th week followed two weeks later by groups A and C. Group D
(control) only dropped egg at. 22nd week of age.
The monthly hen-day egg production of the birds in the first and second year
of lay are presented in Tables 14 and 15 respectively. During the first year of lay,
the hen-day egg production of group C was significantly higher (p<0.05) than that
of the control and was higher than those of groups A and B (Table 14). However,
during the second year of lay, the monthly hen-day egg production of group A birds
was highest on most of the months and was significantly higher (p<0.05) than that
of the control in all but three months of the year (Table 15). There were no
significant variations (p>0.05) in the egg weight, egg length, egg width, shell weight
and shell thickness of the eggs produced by the layers all through the first and
second year of lay (Table 15).
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4.6: Effects of varied levels of probiotic inclusion on serum and egg
biochemistry
The results of serum and egg biochemistry are presented in Table 16.The
serum total protein of the groups B and C birds were significantly higher (p<0.05)
Than that of control and group A (Table 16). There were no significant variations
(p>0.05) between the groups in their serum activity of ALP, ALT and AST and also
in their serum levels of uric acid (Table 17). The serum cholesterol levels of all the
supplemented groups (A, B and C) were significantly lower (p<0.05) than that of the
control (Table 17). Also the egg cholesterol level of the supplemented groups were
significantly lower (p<0.05) than that of the control, with the group C birds having
eggs with the lowest cholesterol concentration followed by the group A, then B
(Table 17).
4.7: Effects of varied levels of probiotic inclusion on serum levels of LH,
FSH and progesterone
The serum levels of LH of the group B layers was significantly higher
(p<0.05) than that of other groups while that of group C was significantly lower
(p<0.05) than that of other groups (Table 18). The FSH levels of groups B and C
birds were significantly higher (p<0.05) than those of groups A and D, but the
progesterone levels in the supplemented groups were significantly lower (p<0.05)
than the control (Table 18).
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4.8: Effects of varied levels of probiotic inclusion on the anatomy of the
gastrointestinal tract.
There were no significant variations (p>0.05)in the length of the duodenum, ileum,
jejunum and caeca of the various groups (A - D). However, the colon of the layers
of the group C birds was significantly longer (p<0.05) than that of the control and
that of group A (Table 19). The weight of the duodenum of the groups B and C
layers were significantly higher (p<0.05) than that of the group A, but there were no
significant (p>0.05) variations in the weights of the ileum, jejunum and colon
across the groups (Table 20). The weights of the caeca of the group C birds was
significantly higher (p<0.05) than that of group A birds (Table 20).
4.9: Effects of varied levels of probiotic inclusion on water consumption
The results of the quantity of water consumed per bird per day in each experimental
group are presented in Table 21. The Group C layers consumed significantly higher
(p<0.05) quantity of water than the group A layers most of the period that period
that water consumption was measured (Table 21). There was no significant (p>0.05)
variations in the water consumption at weeks 2, 8 and 10 (Table 21).
4.10: Effects of varied levels of probiotic inclusion on carcass assessment of
the spent layers
Results of the live weight, killing out weight, eviscerated weight, carcass dressing
percentage and relative organ weight are presented in Table 22.
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There were no significant variations (p>0.05) in live weight, killing out weight and
carcass dressing percentage of the spent layers amongst the experimental groups
(Table 22). However, the eviscerated weight of the group A layers was significantly
higher (p<0.05) than those of other groups (Table 22). The relative heart weight of
the group A layers was significantly higher (p<0.05) than that of the other groups
(Table 22). The spleen weights of the supplemented groups were significantly
higher (p<0.05) than that of the control, but relative kidney weight of the group B
layers was significantly higher (p<0.05) than that of other groups (Table 22). Also,
relative pancreas and gizzard weights of the group B layers was significantly higher
(p<0.05) y\than those of other groups (Table 22).
4.11: Results of the benefit – cost analysis of the experimental diets.
The monthly revenue for the first year in lay (pullet year) is presented in Table 23,
while the monthly revenue for the send year in lay (hen year) is shown in Table 24.
In the first year of lay, the mean monthly revenue derived from sale of eggs from
group C birds was significantly higher (p<0.05) than those of all other groups (Table
23). In the second year of lay, the mean monthly revenue derived from sale of eggs
of layers in groups A, B and C were significantly higher (p<0.05) than that of layers
in group D (Table 24).
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Table 7: Mean weekly weight (mean ± se) of pullets fed palm kernel cake
based diet supplemented with graded levels of probiotic (kg/bird).
Age
(weeks)

Group A

Group B

Group C

Group D

(0.6 g/kg

(0.8 g/kg

(1.0 g/kg

(0.0 g/kg

probiotic)

proviotic)

probiotic)

No probiotic)

5

0.356± 0.015

0.368± 0.011

0.360± 0.005

0.360 ±0.005

6

0.470± 0.009ab

0.494± 0.004a

0.466± 0.006b

0.458± 0.012b

7

0.558± 0.012ab

0.582 ±0.145a

0.566± 0.015ab

0.544 ±0.004b

8

0.680 ±0.014b

0.730± 0.017a

0.684± 0.016b

0.680± 0.009b

9

0.806± 0.037

0.866± 0.015

0.808± 0.025

0.790± 0.018

10

0.866± 0.033bc

0.948± 0.016a

0.914± 0.041b

0.856 ±0.013c

11

1.048± 0.019

1.054± 9.023

1.058± 0.020

1.012± 0.016

12

1.192 ±0.030

1.200± 0.022

1.184 ±0.019

1.166± 0.019

13

1.244± 0.033

1.238± 0.041

1.214± 0.037

1.226± 0.036

14

1.256± 0.021

1.278± 0.029

1.274± 0.014

1.236± 0.013

15

1.316± 0.036

1.344 ±0.015

1.344± 0.004

1.296 ±0.016

16

1.356± 0.035

1.388 ±0.040

1.390± 0.033

1.300 ±0.020

17

1.416± 0.024

1.468 ±0.034

1.476± 0.022

1.404 ± 0.044

Different superscripts a, ab, b, bc, c in a row indicate significant difference (p<0.05)
between the means.
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Table 8: Weight Gain, Feed Intake, Feed Conversion Ratio and Feed Efficiency
of Pullets Fed Palm Kernel Cake-Based Diets Supplemented with varied
levels of Probiotic.
Groups/
Parameters
Final Mean Live
Wt. (kg/bird)
Initial Mean Live
Wt. (kg/bird)
Mean Wt. Gain
(kg/bird)
Feed Intake
(kg/bird)
Feed Conversion
Ratio (FCR)
Feed Efficiency
(%)

Group A
(0.6 g/kg
probiotic)

Group B
(0.8 g/kg
probiotic)

Group C
(1.0 g/kg
probiotic)

Group D
(0.0 g/kg
No probiotic)

1.42 ± 0.01 ab

1.47 ± 0.02 ab

1.48 ± 0.03 a

1.40 ± 0.02 b

0.36 ± 0.01

0.37 ± 0.01

0.36 ± 0.03

0.36 ± 0.03

1.06 ± 0.05

1.10 ± 0.01

1.12 ± 0.01

1.04 ± 0.02

8.12 ± 0.06

8.12 ± 0.06

8.12 ± 0.06

8.12 ± 0.06

7.66 ± 0.03 a

7.38 ± 0.05 b

7.28 ± 0.05 b

7.78 ± 0.05 a

13.05 ± 0.03 a

13.55 ± 0.03 b

13.74 ± 0.02 c 12.86 ± 0.03 d

Different superscripts a, ab, b,c in a row indicate significant difference (p<0.05)
between the means.
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Table 9: Haematological parameters (mean ± se) of pullets fed palm kernel
cake based diet supplemented with graded levels of probiotic (9th week)
Haematological

Group A

Group B

Group C

Group D

Parameter

(0.6 g/kg

(0.8 g/kg

(1.0 g/kg

(0.0 g/kg

probiotic)

probiotic)

probiotic)

No probiotic)

26.53± 0.73b

26.70± 0.48b

28.78± 0.61a

26.35± 0.36b

8.44± 0.59

9.08± 0.34

8.18± 0.27

PCV (%)
HbC (g/dl)

8.45± 0.30

RBC (106/µl)

2.25± 0.05

2.37± 0.20

2.40± 0.11

2.24 ±0.04

Total leukocyte
(103/µl)

8.60 ±0.88

9.89± 1.20

7.92 ±0.40

7.63± 0.44

Heterophil (%)

32.50 ±1.79

35.75± 2.15

33.63 ±2.58

34.63± 3.21

Lymphocyte
(%)

65.88± 1.69

62.75± 2.05

65.63± 2.39

63.13 ±3.33

Monocyte (%)

0.25± 0.25

0.38 ±0.24

0.50± 0.20

0.63± 0.31

1.13± 0.31ab

1.13 ±0.31ab

0.75± 0.14b

1.63± 0.31a

0.25± 0.25

0.00± 0.00

0.00± 0.00

0.00± 0.00

Eosinophil (%)
Basophil (%)

Different superscripts a, ab,
between the means.

b

in a row indicate significant difference (p<0.05)
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Table 10: Haematological parameters (mean ± se) of pullets fed palm kernel
cake based diet supplemented with graded levels of probiotic (15th
week)
Haematological

Group A

Group B

Group C

Group D

Parameter

(0.6 g/kg

(0.8 g/kg

(1.0 g/kg

(0.0 g/kg

probiotic)

probiotic)

probiotic)

No probiotic)

27.63± 0.50b

27.65± 0.38b

29.68±0.54a

27.33± 0.46b

8.45± 0.69

9.12 ± 0.44

8.24± 0.25

PCV (%)
HbC (g/dl)

8.55± 0.32

RBC (106/µl)

2.35± 0.15

2.36± 0.27

2.39 ± 0.22

2.14 ±0.34

Total leukocyte
(103/µl)

8.55 ±0.77

9.79± 0.20

8.42 ± 0.60

7.43± 0.33

Heterophil (%)

33.60 ±1.70

35.65± 1.15

34.68 ±2.08

34.43± 2.27

Lymphocyte
(%)

64.68± 1.69

63.72± 1.05

65.73± 1.93

63.22 ±2.46

Monocyte (%)

0.35± 0.24

0.37 ±0.444

0.52± 0.73

0.5 6± 0.30

Eosinophil
(%)

1.12± 0.11

1.12 ±0.35

1.11± 0.24

1.13± 0.66

Basophil (%)

0.25± 0.25

0.00± 0.00

0.00± 0.00

0.00± 0.00

Different superscripts
between the means.

a, ab, b

in a row indicate significant difference (p<0.05)
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Table 11: Haematological parameters (mean ± se) of layers fed palm kernel
cake based diet supplemented with graded levels of probiotic (20th
week in lay)

Parameter

Group A

Group B

Group C

Group D

(0.6 g/kg
probiotic)

(0.8 g/kg

(1.0 g/kg

0.0 g/kg

probiotic)

probiotic)

No probiotic)

PCV (%)

27.00 ± 2.65

25.67 ± 0.88

24.33 ± 0.67

22.67 ± 4.37

HbC (g/dl.)

8.12 ± 0.41

8.42 ± 0.54

8.18 ± 0.23

8.17 ± 0.22

WBC (103/µl)

10.13 ± 1.24a

11.03 ± 0.63ab 13.52 ± 0.90b

9.60 ± 0.64a

HET. (%)

37.00 ± 3.21a

31.00 ± 3.51ab 24.00 ± 3.79b

31.00 ± 2.65ab

LYM. (%)

59.00 ± 3.06a

67.00 ± 3.21ab 73.67 ± 4.06b

66.33 ± 2.40ab

MON. (%)

1.67 ± 0.67

1.00 ± 0.58

1.00 ± 0.58

1.00 ± 0.58

EOS. (%)

1.33 ± 0.67

1.00 ± 0.58

1.33 ± 0.88

1.33 ± 0.88

BAS. (%)

1.00 ± 0.58

0.00 ± 0.00

0.00 ± 0.00

0.33 ± 0.33

Different superscripts
groups (p<0.05)

a, ab, b

in a row indicate significant differences between the
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Table 12: Apparent digestibility coefficients of PKC basedgrower mash
supplemented with varied levels of probiotic.
Nutrient

Group A

Group B

Group C

Group D

(0.6g/kg

(0.8g/kg

(1.0g/kg

(0.0g/kg

Probiotic)

probiotic)

Dry Matter (%)

Probiotic)

66.79 ± 2.18a 67.99 ± 2.42a

Organic Matter (%)
0.82c

45.77 ± 2.19a 49.64 ± 2.16b

CrudeProtein (%) 39.91 ± 0.92a
CrudeFibre (%) 40.09 ± 0.85a

68.32 ± 1.54a

57.77 ± 0.87b

46.62 ± 1.58a 34.78 ±

45.41 ± 0.66b 42.78 ± 0.41c
45.67 ± 0.64b

No Probiotic)

42.15 ± 0.48c

27.98 ± 0.40d
28.38 ± 0.37d

Different superscripts a, b, c, d in a row indicates significant difference (p<0.05)
between the means of the apparent digestibility coefficients of the experimental
groups.
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Table 13: Apparent digestibility coefficient of PKC based layers mash
supplemented with varied levels of probiotic.

Nutrients
[%]

Group A
[0.6 g/kg
probiotic]

Group B
[0.8 g/kg
probiotic]

Group C
[1.0 g/kg
probiotic]

Group D
[Control
No probiotic]

Dry matter (%)

74.22± 0.51a

76.22 ± 0.54b

79.12 ± 0.36c

69.21 ± 0.42d

Organic matter (%)

59.89 ± 0.28a

59.76 ± 0.37a

65.67 ± 0.23b

45.50 ± 0.33c

Crude protein (%)

49.45 ± 0.20a

50.49 ± 0.21a

56.13 ± 0.16b

37.49 ± 0.11c

Crude fibre (%)

49.92 ± 0.33a

51.04 ± 0.20a

59.74 ± 0.16b

30.88 ± 0.43c

Groups with different superscripts a, b,
difference between the means [P<0.05].

ab, c, and d.

in a row indicate significant
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Table 14: The monthly hen-day egg performance (%) of layers fed palm kernel
cake based diet supplemented with varied levels of Probiotic (1st year in
lay).

Nov

Group A
(0.6 g/kg
probiotic)
16.06 ± 1.16ab

Group B
(0.8 g/kg
probiotic)
20.20 ± 1.17b

Group C
(0.0 g/kg
probiotic)
36.00 ± 2.89 c

Group D
(Control
No probiotic)
10.12 ±1.74 a

Dec

44.96 ± 1.51 a

58.00 ± 1.73 b

73.31 ± 4.63 c

40.30 ± 1.19 a

Jan

68.09 ± 1.73 a

70.05 ± 2.89 a

87.05 ± 4.04 b

66.13 ±1.74 a

Feb

85.30 ± 2.90 ab

88.94 ± 2.31 bc

96.11±1.16c

80.32 ± 2.33a

Mar

92.04 ± 1.16 a

94.17 ± 1.17 a

95.31 ± 1.87 a

89.17 ± 2.89 a

Apr

90.28 ± 1.75 a

83.20 ± 1.74 b

96.157 ± 1.74 c

89.44 ± 1.44 a

May

80.12 ± 2.89 a

82.27 ± 1.19 a

96.17± 0.60 b

80.13 ± 1.74 a

June

77.09 ± 1.15 a

80.06 ± 0.58 a

95.20 ± 1.74 b

76.07 ± 2.31 a

July

75.03 ± 1.14 a

80.01 ± .58 b

94.27 ± 2.33c

74.04 ±1.16 a

Aug

68.14 ± 1.74 a

70.20 ± 2.89 a

90.04 ± 2.89 b

67.35 ± 2.34 a

Sep

63.17 ± 1.17 a

60.24 ± 1.75 a

90.20 ±1.17 b

55.27 ± 1.75 c

Oct

60.08 ± 2.31 a

57.17 ± 1.17ac

73.08 ±1.73b

52.15 ± 1.16 c

Months

Different superscripts a b c d in a row indicates significant difference between the
means at the level of probability: p<0.05
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Table 15: The monthly hen-day egg performance (%) of the layers fed palm kernel
cake based layers’ mash supplemented with varied levels of Probiotic (
2nd year in lay).
Group A
(0.6 g/kg
Months probiotic)

Group B
(0.8 g/kg
probiotic)

Group C
(1.0g/kg
probiotic)

Group D
(Control
No probiotic)

Nov

52.12 ± 1.16 a

49.22 ± 2.32 ab

50.15 ± 1.74 ab

45.12 ± 1.74 b

Dec

48.03 ± 4.62 a

50.15 ± 2.89 a

46.27 ± 2.32 a

40.20 ± 1.17 b

Jan

56.14 ± 3.47 a

52.02 ±1.15 ab

47.50 ± 2.36 ab

43.19 ± 4.05 b

Feb

60.02 ± 2.89 a

57.17 ± 2.32 ab

55.08 ± 2.89 ab

50.17 ± 2.89 b

Mar

63.07 ± 1.73 a

60.01 ± 2.89 ab

60.16 ±1.74 ab

54.28 ± 1.76 b

Apr

65.25 ± 2.90 a

63.27 ± 1.75 a

64.02 ± 2.31 a

58.81 ± 2.32 a

May

65.17 ± 2.89 a

64.03 ± 2.31 ab

63.23 ± 1.75 ab

57.25 ± 1.75b

June

65.03 ± 1.16a

63.08 ± 1.16 a

61.25 ± 0.63 ab

56.10 ± 2.89

July

64.28 ± 2.33 b

61.15 ± 2.89 ab

60.31 ± 1.20 ab

54.29 ± 2.33 b

Aug

62.11 ± 1.16 a

58.00 ± 1.73 ab

56.11 ± 3.47 ab

51.15 ± 1.74 b

Sep

48.25 ± 2.90 ab

56.13 ± 2.31 b

50.17 ± 2.89 ab

45.83 ± 2.32 a

Oct

45.27 ± 2.89 a

47.28 ± 4.05 a

46.17 ± 1.74 a

43.17 ± 1.17 a

Different superscripts a b c d in a row indicates significant difference between the
means at the level of probability: p<0.05.
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Table 16: The external egg qualities of eggs produced by layers fed palm kernel
based
layers’ mash supplemented with varied levels of
probiotic (Pullet year).
Groups/

Group A
(0.6 g/kg
probiotic)

Group B
(0.8 g/kg
probiotic)

Egg Wt. (g)

62.50 ± 1.25

62.47 ± 0.66 62.38 ± 0.46

62.40 ± 0.71

Egg Length (mm)

85.10 ± 0.55

85.18 ± 0.43 85.09 ± 0.13

85.11 ± 0.49

Egg Width (mm)

74.51 ± 0.47

74.82 ± 0.35 74.36 ± 0.46

74.42 ± 0.53

Shell Wt. (g)

6.88 ± 0.14

6.94 ± 0.19

6.84 ± 0.12

Egg Wt. (g)

67.96 ± 0.75

68.07 ± 0.14 67.95 ± 0.32

68.03 ± 0.53

Egg Length (mm)

88.13 ± 0.24

88.09 ± 0.66 88.11 ± 0.17

88.15 ± 0.33

Egg Width (mm)

77.01 ± 0.42

77.22 ± 0.50 77.03 ± 0.41

77.08 ± 0.14

Shell Wt. (g)

8.25 ± 0.16

8.66 ± 0.07

8.12 ± 0.22

8.45 ± 0.16

Shell Thickness (mm) 0.40 ± 0.67

0.42 ± 0.11

0.41 ± 0.46

0.41 ± 0.25

Parameters

Group C
(1,0g/kg
probiotic)

Group D
(Control
No probiotic)

Pullet Year

6.35 ± 0.08

Hen year
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Table 17: Serum and egg Biochemistryof layers fed palm kernel sbased diets
supplemented with varied levels of Probiotic.
Group A
(0.6 g/kg
probiotic)

Group B
(0.8 g/kg
probiotic)

Group C
(1,0 g/kg
probiotic)

Group D
(Control
No probiotic)

Total Proteins
(g/dl)
ALP(µl/L)
ALT(µl/L)
AST(µl/L)

6.15 ± 0.22a

7.41 ± 0.20b

7.57 ± 0.28b

6.19 ± 0.12a

104.66 ± 39.66
7.80 ± 1.81
68.32 ± 3.28.

107.39 ± 24.94
5.01 ± 2.37
47.26 ± 11.95

105.14 ± 21.86
4.39 ± 1.37
54.69 ± 7.04

136.99 ± 20.12
4.90 ± 1.40
56.67 ± 8.05

UricAcid (mg/dl)
SERUM
CHOLESTEROL
(mg/dl)

2.42 ± 0.84

2.58 ± 0.55

2.58 ± 0.15

2.42 ± 0.40

108.33 ± 9.28a

115.00 ± 14.34a

112.67 ± 7.88a

166.67 ± 8.82b

510.60 ± 7.50a

595.70 ± 6.43b

476.60 ± 9.84a

824.50 ± 3.86c

Parameters

EGG
CHOLESTEROL
(mg/dl)

Different superscripts a, b, c in a row indicates significant difference between the
means at the level of probability p<0.05.
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Table 18: The serum levels of LH, FSH and progesyerone of layers fed palm kernel
based layers’ mash supplemented with varied levels of Probiotic.
Groups/
Hormones

Group A
(0.6 g/kg
probiotic)

Group B
(0.8 g/kg
probiotic)

Group C
(1,0 g/kg
probiotic)

Group D
(Control
No probiotic)

LH (ng/ml)

0.78 ± 0.23 a

1.57 ± 0.43 b

0.18 ± 0.04 a

0.58 ± 0.17 a

FSH (ng/ml)

0.02 ± 0.02 a

0.29 ± 0.14 a

0.84 ± 0.21 b

0.01 ± 0.01 a

Progesterone(ng/ml) 3.22 ± 0.83 a

9.64 ± 1.16 b

6.62 ± 1.11 c

12.63 ± 0.61 d

Different superscripts a b c d in a row indicates significant difference between the
means at the level of probability: p<0.05
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Table 19: The length (cm) of different sections of of gastrointestinal tract of
layers fed palm kernel cake based layers’ mash supplemented with varied levels of
probiotic.
Sections of
GIT

Group A
[0.6 g/kg
probiotic]

Group B
[0.8 g/kg
probiotic]

Group C
[1.0 g/kg
probiotic]

Group D
[Control
No probiotic]

Duodenum

25.90 ± 2.33

47.17 ± 17.68

31.70 ± 2.83

19.47 ± 6.09

Ileum

101.37 ± 9.33

115.95 ± 2.34

106.10 ± 3.81

113.30 ± 1.01

Jejunum

14.87 ± 0.94

22.77 ± 1.13

21.40 ± 4.16

15.07 ± 1.41

Caeca

17.20 ± 1.15

21.57 ± 2.57

19.15 ± 1.24

18.70 ± 0.40

Colon

7.27 ± 0.52 a

10.30 ± 1.56 ab

11.70 ± 1.56 b

7.70 ± 0.42 a

Difference superscripts a,ab,b in a row indicate a significant difference between the
groups.at p<0.05.
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Table 20: The weights (gm) of different sections of GIT of layers fed palm kernel
cake based diet supplemented with varied levels of probiotic.

Sections of
GIT (cm)

Group A
[0.6 g/kg
probiotic]

Group B
[0.8 g/kg
probiotic]

Group C
[1.0 g/kg
probiotic]

Group D
[Control
No probiotic]

Duodenum

11.03 ± 0.28a

18.13 ± 3.17 b

17.20 ± 1.36 b

14.93 ± 0.26 ab

65.87 ± 11.77

53.70 ± 0.70

63.08 ± 5.91

54.63 ± 4.16

Jejenum

7.38 ± 1.68

8.38 ± 2.53

8.817 ± 1.38

5.573 ± 0.14

Caeca

10.73 ± 1.76 a

12.92 ± 1.15 ab

17.13 ± 2.04 b

12.97 ± 2.05 ab

Colon

6.10 ± 0.43

6.69 ± 2.01

6.84 ± 0.26

7.43 ± 0.43

Ileum

Different superscripts a,ab,b in a row indicate a significant difference between the groups at p<0.05.
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Table 21:

The mean water consumption of layers fed diets supplemented with
varied levels of probiotic (ml/bird/day).

(Means ± Standard error)
Expt.
Period

Group A

Group B

Group C

Group D

(0.6g/kg

(0.8g/kg

(1.0g/kg

(Control

probiotic)

probiotic)

probiotic)

No probiotic)

1.

303.91 ± 4.17a

324.80 ± 7.02b

331.91 ± 5.41b

327.36 ± 6.16b

2.

317.91 ± 7.73

332.60 ± 6.26

331.11 ± 5.56

327.31 ± 6.21

3.

303.35 ± 1.98a

330.50 ± 7.68b

325.10 ± 4.19b

318.81 ± 7.38ab

4.

289.99 ± 7.10a

302.32 ± 3.97a

342.09 ± 6.53b

299.27 ± 3.42a

5.

350.58 ± 4.80a

350.59 ± 9.46a

380.70 ± 9.40b

348.94 ± 4.51a

6.

320.90 ± 6.01a

332.47 ± 4.21a

364.70 ±10.23b

358.23 ± 8.54b

7.

332.94 ± 4.02a

354.35 ± 5.49b

353.76 ±8.28ab

361.99 ± 9.36b

8.

309.06 ± 21.56

319.53 ± 15.14

331.29 ± 22.36

328.00 ± 17.96

9.

338.11 ± 5.44a

328.35 ± 4.03a

358.59 ± 6.67b

342.11 ± 8.62ab

10.

332.94 ± 10.82

320.82 ± 6.21

300.82 ± 15.11

318.04 ± 13.51

(Weeks)

Different superscripts a,ab,b in a row indicate a significant difference among the group at p<0.05.
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Table 22: The carcass dressing percentage and relative organ weight of spent layers
fed PKC based diets supplemented with varied levels of probiotic

Group A

Group B

Group C

Group D

(0.6g/kg

(0.8g/kg

(1.0g/kg

(Control

probiotic)

probiotic)

probiotic)

No probiotic)

Live
wt.(kg/bird)

2.43 ± 0.15

2.20 ± 0.12

2.23 ± 0.09

2.33 ± 0.18

Killing out wt.
(kg/bird)

2.13 ± 0.09

2.00 ± 0.06

2.00 ± 0.06

2.10 ± 0.12

Evisc. wt.
(kg/bird)

1.58 ± 0.04 a

1.45 ± 0.03 b

1.35 ± 0.03 b

1.42 ± 0.01 b

Carc. Dres.
(%)

65.02 ± 0.27

65.91 ± 0.25

60.54 ± 0.33

60.34 ± 0.06

Relative organ weight
Heart

5.11 ± 0.20 a

7.46 ± 0.22 c

7.95 ± 0.17 c

6.53 ± 0.18 b

Liver

26.64 ± 0.23 a

30.28 ± 0.91 b

27.17 ± 0.60 a

24.05 ± 0.36 c

Spleen

1.48 ± 0.06 a

1.32 ± 0.14 a

1.48 ± 0.04 a

0.97 ± 0.06 b

Kidney

5.67 ± 0.06 a

7.22 ± 0.48 b

6.69 ± 0.14 ab

5.88 ± 0.34 a

Pancreas

3.01 ± 0.16 a

4.53 ± 0.41 b

3.06 ± 0.07 a

2.71 ± 0.33 a

Gizzard

32.84 ± 0.24 a

68.04 ± 1.16 a

44.04 ± 0.79 c

43.85 ± 0.46 c

Different superscripts a,ab,b,c in a row indicate a significant difference between the
groups at p<0.05.
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Table 23: The monthly revenue (N) from eggs per group of layers fed palm kernel
cake - based diet supplemented with varied levels of probiotic (1st year in
lay).

Number
Stocked
Nov.

Group A
(0.6 g/kg
Probiotic)
25
2 400

Group B
(0.8 g/kg
probiotic)
25
3000

Group C
(1.0 g/kg
probiotic)
25
11400

Group D
(control
No probiotic)
25
1800

Dec.

7440

9300

11780

6200

Jan.

10540

11160

13640

10540

ssFeb.

12320

12320

13440

11200

Mar.

14260

14880

14880

14260

Apr.

13800

12600

14400

13800

May

12400

13020

14880

12400

Jun.

12000

12000

13800

11400

Jul.

11780

12400

14260

11780

Aug.

10540

11160

13640

10540

Sep.

9600

9000

13200

8400

Oct.

9300

9300

11780

8060

10,531.67
± 925.45a

10,845.00
± 870.13 ab

Mean

13,425.00
± 344.64b

10,031.67
±1005.63c

Different superscripts a,ab,b,c in a row indicate a significant difference between the
groups at p<0.05.
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Table 24: The monthly revenue (N) from eggs per group of layers fed palm
kernel cake based- diet supplemented with varied levels of probiotic (2nd
year in lay).

Number Stocked

Group A
(0.6g/kg
probiotic)
22

Group B
(0.8g/kg
probiotic)
22

Group C
(1.0g/kg
probiotic)
22

Group D
( control
No probiotic)
22

Nov.

6600

6600

6600

6000

Dec.

6820

6820

6820

5580

Jan.

8060

7440

6820

6200

Feb.

7840

7280

7280

6160

Mar.

8680

8680

8680

7440

Apr.

9000

8400

9000

7800

May

9300

9300

8680

8060

Jun.

9000

8400

8400

7800

Jul.

8680

8680

8680

7440

Aug.

8680

8060

8060

7440

Sep.

6600

7800

6600

6600

Oct.

6200

6820

6820

6200

7955.00

7856.67

7703.33

6893.33

±321.39 a

± 250.89 b

± 276.75 b

±246.33 b

Mean

Different superscripts a,b in a row indicate a significant difference between the
groups at p<0.05.
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Fig 1: Growth of Saccharomyces cerevisiae in SDA
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Fig. 2: Graph of hen-day egg production of layers fed PKC based layers’ mash
supplemented with varied levels of probiotic during the 1st year of lay.
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Fig. 3: Graph of the hen-day egg production of layers fed PKC based layers’ mash
supplemented with varied levels of probiotic during the 2nd year of lay.
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Fig. 4: The mean water consumption (ml/bird/day) of layers fed PKC based layers’
mash supplemented with varied levels of probiotic.
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CHAPTER FIVE
DISCUSSION, CONCLUSSION AND RECOMMENDATION
The effects of probiotic supplementation in poultry ration on pullets
development and hen-day egg performance of the layers was conducted in the
Faculty of Veterinary Medicine Teaching Farm, University of Nigeria, Nsukka. The
mean body weights showed that probiotic supplented groups gained more weight
than the control. The possible mechanisms through which probiotic supplementation
led to greater weight gain may be:
1. Protection of the host from intestinal infections (Nurmi and Rantala, 1973;
Pascual et al, 1999; Koop-hoolihan, 2000; Oyetayo et al, 2003).
2. Elaboration of digestive enzymes that help in nutrient digestion thereby
promoting growth in those groups (Baird, 1977; Mordenti, 1986; Matsui et al,
1990; Chang et al, 2001; Numan, 2001; Ezema, 2007).
3. Probiotic assistance in nutrient synthesis and bioavailability (Koop- hoolihan,
2001).
These mechanisms were confirmed in another study that reported an increase
in lactase, α-glucosidase and alkaline phosphatase activities after the yeast treatment
(Jahn et al., 1996). The study further showed that probiotics enhanced the release of
brush-border membrane enzymes implicated in the nutrient degradation and
absorption.
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The results of enhanced weight gain recorded in this study are in agreement
with earlier report by Glade and Sist (1988) who observed that probiotic increased
weight gain in animals. According to Mordenti (1986) and Chang et al. (2001)
probiotics promote growth in farm animals by breaking down the hydrocarbons
contained in the diet, which means the food is being split into its most basic
elements. This allows almost total absorption through the digestive system. In this
way, probiotics dramatically increased overall nutrition and enhance rapid cellular
growth and development.
It was also observed that after the 10th week of age of the pullets, there were
no significant differences (P>0.05) in growth rate among the groups. This is in
agreement with an earlier report by Oluyemi and Roberts (2000) who observed that
apparent reduction in relative growth rate was probably due to a shift from physical
to reproductive development leading to sexual maturity. The observations revealed
that the age at point of lay varied significantly among the supplemented groups and
also between the supplemented and the control. Birds in group B which received 0.8
gm/kg, started laying at 18th week followed two weeks later by groups A and C.
Group D (control) only dropped egg at 22nd week. This indicates that the probiotic
in the same manner affects both physical and reproductive growth. The age at point
of lay varied according to the group’s performance in weight gain.
The haematologies of the groups of pullets supplemented with probiotic
were higher compared to the control. According to Khaksefidi and Ghoorchi (2006)
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when poultry diets are supplemented with probiotics, the haematological profile
showed an increase in total erythrocyte and leukocyte cell count and marked
increase in percentage of lymphocytes. This was probably due to the fact that
probiotic stimulated immune system of pullets by increasing the TLC and
lymphocyte proliferation (Aathouri et al, 2001). Probiotic effect on lymphocytes
count was highly demonstrated at the haematological determination carried out at
the peak of egg lay where all the supplemented groups had significantly (p<0.05)
higher lymphocytes counts than the control. This immunostimulatory effect may
help to increase the pullets’ resistance to infections. The present study is in
agreement with earlier report by Naidu et al (1999) who revealed that inclusion of
yeast increased the number of T-lymphocytes, antibody secreting cells, natural killer
cells activity and enhanced lymphocyte proliferation.
The serum biochemical determinations showed that total serum proteins were
significantly higher in probiotic supplemented groups especially group C. Serum
proteins are the building blocks for tissue synthesis. Higher serum total proteins
consequently led to higher efficiency of feed utilization.
Hormonal assay revealed that group C that had the highest concentration of
follicular stimulating hormone (FSH) laid the highest mumber of eggs in the first.
This suggests that the high level of serum FSH led to the release of more follicles
and the laying of more eggs. The shift during the second year in lay from group C to
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group A laying more eggs than other groups may be as a result of follicular
depletion.
The experiments showed that weekly weight gain increased in a similar
parttern with apparent digestibility of the nutrients. Groups B and C that had the
highest apparent digestibility coefficients of all nutrients, also recorded the highest
weight gain. The increased digestibility could be due to the activities of digestive
enzymes elaborated by the probiotic. Buts et al. (1994) suggested that the increased
expression of intestinal enzymes could be in part due to an endoluminal release of
polyamines by the probiotics mainly spermine and spermidin . These observations
are in agreement with the report of Numan (2001) and Matsui et al, (1990) who
separately observed that the probiotic (S. cerevisiae) secretes digestive enzymes
which led to increased efficiency of feed utilization. These results were also in
agreement with earlier findings by Adejumo et al, (2005) and Ezema (2007) who
reported that the probiotic supplementation caused increase in weight gain
performance.
The repeat digestibility study also revealed that apparent digestibility of
nutrients increased in the same parttern as the hen-day egg production. Group C that
had the highest apparent digestibility of all nutrients, also recorded the highest mean
hen-day egg production (85.00 ± 10.00%) followed by group B 70.00 ± 9.35% and
group A (68.00 ± 9.35%). The control (group D) that did not have any probiotic
supplementation had the least apparent digestibility of all nutrients and also the least
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hen-day egg performance of 65.00 ± 5.00%. These observations further confirm the
earlier reports by Numan (2001) and Matsui et al (1990) who observed that this
probiotic secretes enzymes which improve digestibility and increase the efficiency
of feed utilization in farm animals including poultry. The results indicate that S.
cerevisiae supplementation increased the efficiency of feed utilization which led to
more eggs being produced by the supplemented groups without any significant
difference in the external egg qualities. These results are supported by earlier reports
by Glade and Sist (1988), Martin et al (1990), Adejumo et al (2005) and Ezema
(2007) who observed that probiotics increased the efficiency of feed utilization. The
improved efficiency of feed utilization could be due to the activities of the digestive
enzymes as reported by Matsui et al (1989) and Numan (2001). It is also possible
that when the digestive enzymes clinically die in the gastrointestinal tract, it is
absorbed as a microbial protein (Ezema, 2007). Koop- hoolihan (2001) observed
that probiotics synthesizes nutrients especially vitamins and also increases the
bioavailability of nutrients. The results also revealed that during the second year in
lay, egg numbers decreased but egg weight and size increased. This result is in
agreement with earlier findings of Oluyemi and Roberts (2000) who reported that
during the hen year, egg numbers decreased by about 20% but egg size increased.
This study also revealed that probiotic fed groups (A-0.6g yeast/kg, B-0.8
yeast/kg and C- 1.0 yeast/kg) showed significant (p<0.05) reduction in serum and egg
cholesterol levels than the control (group D). The probotic caused deconjugation of
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cholesterol in the liver as a result of increased breakdown of bile acids which led to
reduced cholesterol level in serum. Reduction in circulating cholesterol with
supplemental yeast (S.cerevisiae) was remarkable and agrees with the results of other
researchers (Onifade et al, 1999; Onifade, 1997) that the addition of innocuous microorganisms including yeast to diets of rabbits and broiler chickens decreased serum
cholesterol, triglycerides and phospholipids. De Smet et al. (1994) reported that
probiotics could contribute to the regulation of serum cholesterol concentration by
deconjugation of bile acids. Since the excretion of deconjugated bile acid is enhanced
and cholesterol is its’ precursor, more molecules are spent for recovery of bile acids. As a
result of increased synthesis of these acids, it is expected that the level of serum
cholesterol will be reduced. Klaver and Van Der Meer (1993) also suggested that coprecipitation with bile acid might be of importance in decreasing serum cholesterol
concentrations.
The observations revealed a significant increase in the length of colon which
suggest that probiotic supplementation led to an increase in length of the colon
which is a kind of anatomical adaptation. This increase in length of colon provided a
longer surface area for absorption of water which is the primary function of the
colon in birds. Consequently, group C that had the longest colon, consumed the
highest quantity of water and laid the highest number of eggs. This finding is in
agreement with Lacy (2002), who reported that birds that consume more water tend
to have higher efficiency of feed utilization.
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Couch (1978) stated that probiotics are more effective where farm animals
are raised under stressful condition. In the tropics, livestock are produced under two
major stress conditions which could be classified as natural and artificial stress
factors. Ambient temperature is the number one natural stress factor in our
environment. The thermoneutral temperature zone for optimum hen-day egg
performance is 12.60C to 260C (Oluyemi and Roberts, 2000). The usual temperature
range in our environment is 250C to 400C depending on location, time of the day and
season of the year. Artificial stress factors are mainly of management origin.
Feeding diets that contain 8% crude fibre as against 4- 6% recommended for pullets
is sufficient nutritional stress. The presence of these stress factors further justifies
the effectiveness of the probiotic supplementation.
Based on the results of this study, it was concluded that S. cerevisiae
supplementation as used in this study significantly enhanced pullet development,
onset of lay and hen-day egg performance, PCV, TLC, lymphocytes counts and
further reduced serum and egg cholesterol. Supplementation was most effective at
1.0 g/kg of feed, and this supplementation level is recommended. This
recommendation was due to the fact that 1.0 g/kg level of supplementation had the
highest apparent digestibility of nutrients at both the pullets’ development and
laying stages which resulted in that group having the highest efficiency of feed
utilization and the highest hen-day egg performance. This group also had the least
serum and egg cholesterol levels.
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