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Probiotics have been recently defined by the Food and Agriculture Organization/ World Health
Organization (FAO/WHO) as live microorganisms which when administered in adequate amounts confer
a health benefit on the host. A good probiotic should be non-pathogenic, non-toxic and capable of
exerting beneficial effect on the host animal. It should be present as viable cells and capable of
surviving and metabolizing in the gut environment. It should also be stable and capable of remaining
viable for periods under storage and field conditions. Probiotics have been shown to promote growth,
improve efficiency of feed utilization, protect host from intestinal infection and stimulate immune
responses in farm animals. In laying chicken, probiotics increased hen-gay egg production. Weight gain
performance was significantly increased in broilers and turkeys. In ruminants, probiotics also improved
growth rate. Increased weight gain and higher efficiency of feed utilization were the results of the trials
in pigs. Mortalities especially due to diarrhoea were reduced in pigs. The beneficial effects of probiotics
in animal production have been related to different modes of action. The improvements in productive
performance of all animal species fed with probiotics were mostly due to the fact that probiotics

promoted the metabolic processes of digestion and nutrient utilization.

Key words: Probiotics, nutrient utilization, immune, animal production.

INTRODUCTION
Probiotics: Definitions

The term probiotic etymologically appears to be a
composite of the Latin preposition pro (“for” or “in
support”) and the Greek adjective (biotic) from the noun
bios (“life”) 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 (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:

1. Substances secreted by one microorganism that
stimulate another microorganism (Lilly and Stillwell,
1965).
2. Tissue extracts that stimulate microbial growth (Sperti,
1971).
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3. Organisms and substances that have a beneficial
effect on the host animal by contributing to its intestinal
microbial balance (Parker, 1974).

4. A live microbial feed supplement that beneficially
affects the host animal by improving its intestinal
microbial balance (Fuller, 1989).

5. 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).

5. A live microbial culture of cultured dairy product that
beneficially influences the health and nutrition of the host
(Salminen, 1996).

6. Viable bacteria, in a single or mixed culture, that has a
beneficial effect on the health of the host (Donohue and
Salminen, 1996).

7. Living microorganisms that on ingestion in certain
numbers exert health benefits beyond inherent basic
nutrition (Guarner and Schaafsma, 1998).

8. 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).

9. 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).

10. 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).

11. Preparation of viable microorganisms that is consum-
ed 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).

12. Live microorganisms, which when administered in
adequate amounts, confer a health benefit on the host
(FAO/WHO, 20009).

HISTORICAL PERSPECTIVES OF PROBIOTICS

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).

Metchnikoff is regarded as the godfather of probiotic.
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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 optimis-
tes”. 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 in humans. 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 consump-
tion 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 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 10° 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
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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 antibiotics as
therapeutic agents and growth promoters. There is
therefore a growing demand for an effective alternative to
the antibiotic growth promoters, and probiotics could fill
the gap. Recently, interest in the use of probiotics to
improve the productive performance and general health
status of livestock animals has been rekindled by
legislations to curtail the use of sub — therapeutic doses
of antibiotics in animal diets (Cook, 2000; Langhout,
2000; Mellor, 2000; Gill, 2001; Plail, 2006).

Characteristics of good probiotics

Fuller (1989) listed the following as features of a good
probiotic:

1. It should be a strain, which is capable of exerting a
beneficial effect on the host animal, for example
increased growth or resistance to disease.

2. It should be non-pathogenic and non-toxic.

3. It should be present as viable cells, preferably in large
numbers.

4. It should be capable of surviving and metabolizing in
the gut environment for example, it should be resistant to
low pH and organic acids.

5. It should be stable and capable of remaining viable for
periods under storage and field conditions.

Benefits/advantages of probiotics

Intestinal probiotics, particularly bacteria play an impor-
tant 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).

Some of the beneficial effects of the practical uses of
probiotics are:
1. 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 un-supplemented piglets and did as well
as or better than piglets fed sub-therapeutic antibiotics
(Adami and Cavazzoni, 1999).

2. 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 compounds (bacteriocins and organic
acids), competition with pathogens for nutrients and
stimulation of intestinal immune responses (Ellin, 2001).
3. Alleviation of lactose intolerance (Garvie et al., 1984;
Jiang, 1996): In humans, majority become lactase
deficient during the 10 to 20 years of life and the inability
to digest lactose causes a decrease in milk product
consumption, eliminating a high quality source of protein
and calcium. Lactoba acidophilus and Lactoba 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).
4. 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 (Fuller, 1992).

5. 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 showed
Lactobacillus to possess a definite anti-tumor activity and
to inhibit tumor proliferation (Fuller, 1992). Animal studies
have suggested that some lactic-acid bacteria might help
protect against colon cancer, but more research is still
needed.

6. Anticholesterolaemic effects (Tahri et al., 1995):



Lactobacillus species possess anticholesterolemic and
antilipidemic factors, which aid in cholesterol reduction.
People that consume probiotics have experienced
lowered cholesterol (Fuller, 1992).

7. Nutrient synthesis and bioavailability (Koop-Hoolihan,
2001): Probiotic bacteria synthesize certain amino acids,
which are directly assimilated for example, lysine from
specific strains of L. plantarum. They produce B vitamins,
such as folic acid, niacin, riboflavin, Bi,, Bg and
pantothenic acid, which are biocatalysts in food
metabolism and help to fight stress (Fuller, 1992).

8. Probiotics has a protein-sparing effect: The lacto-
bacillus 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).

9. Prevention of genital and urinary tract infections
(Redondo-Lopez et al.,, 1990; Martin et al., 1989):
Candida albicans which is the primary yeast responsible
for candidiasis has been shown to be inhibited by some
probiotics (Fuller, 1992).

10. Immunostimulatory effects (Aattour et al., 2002): It
has been discovered that conventional animals with a
complete gut flora have increased phagocytic activity and
immunoglobulin levels compared with germ-free animals.
Lactobacilli casei in particular was found to be active in
the stimulation of phagocytic activity when administered
to mice (Perdigon et al., 1986).

Applications of probiosis to poultry

Probiotics for chicken are designed for two main reasons
namely:

(a) To replace beneficial organisms that is 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
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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 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 dicontaminated
gnotobiotic 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.

PROBIOTICS FOR CHICKEN

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. 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
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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 oppor-
tunism and true commensalisms were largely ignored.
Regarding the flora as a climax community in which every
niche is occupied is also patently inaccurate. 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 preparations 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.

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 so
called Lactobacillus complex to young Leghorn hens at a
concentration of 2.27 kg/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. Crawford
(1979) tested a mixed lactobacillus preparation at 340
g/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 from 1.75 to
1.69 kg. 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 4 x 10° 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 concen-
trations of 72.77, 7257 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 (Numan, 2001).

Yoruk et al. (2004) reported that supplementation of
layers’ diet humate and probiotic resulted in increase in
egg production and a decrease in mortality. They also
observed that the treatment did not have any effect on
egg quality. Similarly, Ezema (2012) observed that
supplementation of layers’ diets with varied levels of
probiotic  (Saccharomyces cerevisiae) significantly
increased (p < 0.05) hen-day egg performance but did
not have any significant effect (p > 0.05) on egg quality.

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 to
10% and in the females of 5 to 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 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 10°
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.

In another study, Ezema (2007) used a total of 140
day-old broiler chicks (Anak, 2000) which were randomly
divided into seven groups of 20 birds each. Each group
was subdivided into four replicates of five birds each.
Groups 1 to 5 were placed on experimental diet made of
70% basal diet and 30% PKC. Groups 1 to 4 had
probiotic supplement at varied levels of 0.4, 0.8, 1.2 and
1.6 gm yeast/kg of feed, respectively. Group 5 had no
yeast (control 1). Groups 6 and 7 had no PKC (normal
broiler diet) but group 6 had 1.2 gm yeast/kg of feed.
Group 7 had no yeast (control 2). Group 2 weighed
significantly heavier (p < 0.05) than the rest. Groups 2
and 3 had the highest apparent crude fibre digestibility of
30.86 and 30.87%, respectively. The cost of feed to
produce 1 kg live weight gain of group 2 was §129.85 +



2.17/kg, group 5 was §154.00 + 2.08/kg and group 7 was
}192.28 + 6.84/kg. Group 2 performed significantly better
than others in weight gain, carcass weight and economic
gain. Based on the results of this study, 0.8 gm yeast/kg
of feed was recommended for optimum broiler production
in the tropics.

In a recent study in breeding layer and broiler hens
using different probiotic preparations, Bozkurt et al.
(2011) observed that egg production rate, egg weight and
egg mass benefited from some of the probiotics while
overall, the probiotics led to significant improvement in
the feed conversion ratio of layer hens. These research
workers further reported that no study has yet shown that
probiotic feeding has any detrimental effects on health
status and productivity.

Probiotic effects on turkeys

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 (Dilworth and Day, 1978). Francis et
al. (1978) tested the commercial preparation in groups of
48 broad-breasted large white turkey poults administering
750 mg per kg in the feed for 3 weeks. An increase in
body weight from 4.11.8 to 424.6 g was observed but
feed efficiency fell slightly from 1.40 to 1.39.

This probiotic was also tested by Crawford (1979) who
found a 6.1% weight increase at 12 weeks of age after
continuous administration of 0.2 kg per ton. In a study
using 72 (15 days old) white hybrid converter turkey
poults, Cetin et al. (2005) investigated the effects of
manna oligosaccharide (MOS) and probiotic supplemen-
tation on haematological and immunological parameters
of turkeys. The experiment showed that probiotic
supplementation caused significant increase (p < 0.05) in
the erythrocyte count, haemoglobin concentration and
haematocrit values, but MOS supplementation did not
have any significant effect (p > 0.05) on these para-
meters. This study also revealed that both the probiotic
and MOS supplementation resulted in significant
increases (p < 0.05) in the serum IgG and IgM levels.
This trial suggests that MOS and probiotic that enhanced
immunoglobulin levels will have more positive effects on
growth performance and turkeys’ ability to resist
diseases.

It has been demonstrated that direct fed microbial
(DFM) may offer an effective alternative to antibiotic
growth promoter in turkeys. Wolfenden et al. (2011)
identified 4 Bacillus isolates and evaluated their potential
as DFM candidates. These isolates were shown to
significantly increase body weight gain as well as reduce
recovery of Salmonella after experimental infection.

Higgins et al. (2005) investigated the effects of selected
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probiotic bacteria on performance of poults in 3 separate
commercial turkey brooder houses. In all the experi-
ments, treatment of probiotic cultures or antibiotics were
administered in water. Poults were tagged and placed
into individual pens (20 per pen, 4 replicates per
treatment). Performance was evaluated by body weight
or body weight gain. In the first experiment poults
received 1 of 2 probiotic cultures and weighed
significantly more than non-treated or antibiotic treated
poults. In the second experiment, there was no significant
difference among any of the groups. In the third
experiment which was performed during clinically
significant Salmonella seftenburg infection, poults that
received antibiotic followed by a probiotic culture had
significantly higher weight gain than non-treated poults.

In another study, Torres-Rodriguez et al. (2007)
evaluated the effects of probiotic culture in combination
with dietary lactose as a prebiotic in two experiments.
Treated poults (Lactobacillus spp. based probiotic
culture) received dietary lactose (0.1%) continuously in
the feed and probiotic culture (~ 10 cfu/ml) in the drinking
water. Three hundred and twenty selected female poults
were tagged and randomly divided into 2 treatments with
4 replicates each (n = 40). The poults in experiment 1
were challenged with ~10* cfu of Salmonella enteritidis
but experiment 2 was not challenged. Body weights were
determined on days 1, 7 and 14 (experiment 1 trial 1 and
2, expteriment 2 trial 3) and on day 1, 8 and 18
(experiment 2 trial 4). Body weight and Feed Conversion
Ratio (FCR) were significantly (p < 0.05) improved by
treatment in Salmonella challenged poults (trials 1 and 2).
In contrast, unchallenged turkey poults (trials 3 and 4)
showed no significant difference (p > 0.05) in either body
weight or FCR. These results suggest that dietary lactose
with appropriate probiotic organisms may enhance
performance of poults following a mild pathogenic
challenge.

Vicente et al. (2007) studied the ability of 2 probiotic
cultures (P1 and P2) to reduce conventional Salmonella
in commercial turkey flocks 2 weeks prior to processing
with or without the use of a commercial organic acid. Two
weeks after treatment, the recovery of Salmonella was
significantly reduced (p < 0.05) in houses in which P1 and
P2 cultures were administered in combination with
organic acid. The results indicate that administration of
selected probiotic candidate bacteria in combination with
organic acid, may reduce environmental Salmonella in
turkey houses prior to live haul and that this practise
could help to reduce the risk of Salmonella in the
processing plant.

Probiotic effects on ruminants

Yeast and yeast- containing products has been used in
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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 improved 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 (A. oryzae) or sometimes both together,
hence they are 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).

The effects of a commercial preparation called
“yeasture” which composed of live yeast cultures from
three strains of Saccharomyces cerevisiae in combination
with probiotic bacteria and enzymes were investigated on
80 Holstein — Friesian cows divided into two groups
(Sretenovic et al., 2008). The diets for the two groups
were identical and the trial group received 10 g of
“yeasture” daily. The application of “yeasture” started 15
days prior to calving and lasted until 60th day of lactation.
The study showed that the commercial preparation
(yeasture) influenced quantity and composition of the
milk. The difference between the trial and control groups
was 2.57 kg 4% FCM or 8.70% (p < 0.01) and 7.16% milk
fat (p < 0.05). Supplemented group had lower somatic
cells count by 7.3% which indicated better health of the
cows’ udder.

Probiotic effects on pigs

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. 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.

CONCLUSION

The beneficial effects of probiotics in animal production
have been related to different modes of action. The
improvement in productive performance of all poultry
species fed with probiotics were mostly due to the fact
that probiotics promoted the metabolic processes of
digestion and nutrient utilization. Experimental studies
have shown that probiotic dietary supplementation might
influence these mechanisms by exerting enzymatic
activities, increasing the passage rate of digestion and
deconjugating bile salts and acids. It is believed that the
improvement in metabolic processes that were observed
as a result of probiotic supplementation were due to
improved development of the gut and increased microvilli
height which led to the enlargement of the microvillis’
absorptive surface and enabled the optimal utilization of
nutrients.
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In view of severe restriction of total ban on the use of antibiotics as growth promoters and therapeutic
agents in poultry industry, the search for alternatives to replace antibiotics has gained increasing
interest in animal nutrition. Gut micro flora appears to be the target for IFAs and alternatives to exert
health benefits and some growth-promoting effects. Subsequent to banning of use of antibiotics as
growth promoter sin poultry nutrition, numerous studies turned to finding of alternative solutions, that
is, other natural substances, which would have positive effect on chicken growth and feed conversion.
Today, several groups of these additives are in use and most often probiotics, prebiotics, synbiotic,
acidifiers and phytobiotics additives. Considering that each of the stated groups has its own
specificities, the objective of this work was to present main mechanism of their action and to present
their effect on production results in fattening of broiler chickens through review of research published

in this field.
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INTRODUCTION

Growth promoters are chemical and biological
substances which are added to livestock food with the
aim to improve the growth of chickens in fattening,
improve the utilization of food and in this way realize
better production and financial results. Their mechanism
of action varies. Positive effect can be expressed through
better appetite, improved feed conversion, stimulation of
the immune system and increased vitality, regulation of
the intestinal micro-flora, etc. A probiotic is a live
microbial feed supplement, which beneficially affects the
host animal by improving its intestinal balance. It has
been used as a substitute of antibiotics that is being used
in considerable amounts as growth promoters in broilers
production and is, associated with incalculable risks for
human health resulting from the use of particular feed
additives. Probiotics are one of the approaches that have
a potential to reduce chances of infections in poultry and

subsequent contamination of poultry products (Bellisle et
al., 1998). Prebiotics are selectively fermented, dietary
ingredients that result in specific changes in the
composition and/or activity of the gastrointestinal
microbiota, thus conferring benefit(s) upon host health
(Zhan et al., 2003). Aromatic plants (phytobiotics) have
been used since ancient times for their preservative and
medicinal properties and to impart aroma and flavor to
food. Hippocrates, the ‘father of medicine’, used plant
extracts and prescribed perfume fumigations. For cen-
turies, aromatic plants, also known as herbs and spices,
their essential oils and herbal extracts have been used as
natural pharmaceuticals in traditional medicine and vete-
rinary medicine. However, their use has not been based
on rigorous scientific investigation, but has stemmed from
ethno veterinary or even folkloric sources (Chang, 2000).
The ban on the use of antimicrobial growth promoters
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within the EU (Barton, 1999) and the demand by
consumers for safe products has renewed the interest in
aromatic plants and their extracts mainly as a source of
alternative  therapeutics or natural antioxidants.
Synbiotics is defined as a mixture of probiotics and
prebiotics that beneficially affects the host by activating
the metabolism of one or a limited number of health
promoting bacteria and by selectively stimulating their
growth, hence improving the hosts welfare (Collins and
Gibson, 1999). Recent research showed that synbiotic
products improved immune status in broiler chicks
(Zhang et al., 2006). Organic acids are mixed with the
feed to create an acidified pH which provides a favorable
environment in the digestive tract of broilers for the
effective digestion of dietary nutrients such as proteins.
They act as growth promoters and feed preservatives in
poultry where they can also maintain feed hygiene. Also
organic acids improve protein and energy digestibility by
reducing the microbial competition nutrients of the host,
endogenous nitrogen losses and ammonia production are
other beneficial effects for broilers (Dibner and Buttin,
2002). In any case, expected results of the use of these
additives are increased financial effects of production.
Because of the fact that growth promoters have different
mechanisms of action, it is necessary to present every
group individually and present the effect which can be
expected with their utilization (Nahashon et al., 1996; Jin
et al., 1998; Fuller, 1997).

PROBIOTICS

Probiotics are organisms and substances which help to
improve the environment of the intestinal tract (Green
and Sainbury, 2001). Certain species of bacteria, fungi
and yeasts belong to group of probiotics. EXxisting
probiotics can be classified into colonizing species
(Lactobacillus sp., Enterococcus sp. and Streptococcus
sp.) and free, non colonizing species (Bacillus and
Saccharomyces cerevisiae) (Zikic et al., 2006). Lilley and
Stillwell (1965) first introduced the term "Probiotic" to
describe, "growth promoting factors" produced by
microorganisms. The word "probiotic" is derived from the
Greek word 'probios' meaning ‘for life' and has had
several different meanings over the years. Parker (1974)
used the term probiotics for microorganisms or
substances that contribute to intestinal microbial balance.
Fuller (1989) redefined the probiotic as "A live microbial
feed supplement, which beneficially affects the host
animal by improving the intestinal microbial balance". As
mentioned by Fuller (1992) and Anonymous (2002),
several microorganisms have been used as probiotics,
containing bacteria belonging to genus Bifidobacterium;
bacteria belonging to genus Lactobacillus; bacteria
belonging to genus Streptococcus; yeast belonging to
genus Saccharomyces; yeast belonging to genus
Candida; Moulds; Bacillus subtilis etc.

Probiotics display several ways of action: Antagonistic

action towards pathogen bacteria by secretion of
products which inhibit their development, such as
bacteriocins, organic acids and hydrogen peroxide; the
other way is competitive exclusion which represents
competition for locations to adhere to the intestinal
mucous membranes and in this way pathogen micro-
organisms are prevented from inhabiting the digestive
tract, and the third way is competition for nutritious
substances (Patterson and Brukholder, 2003). Vranesic
(1992) reviewed the use of probiotics, live bacterial and
or fungal cultures, as feed supplements and concluded
that the probiotics stimulated numerous metabolic
processes relating to feed digestion and absorption. It
was also opined that few authors also include enzymes,
yeasts and even organic acids in the group of probiotics.
Hennig et al. (1993) evaluated the use of probiotics as
growth promoters and opined that the experiments when
supplemented with probiotics must end at a given weight.
Palod and Singh (2004) indicated that the 'Probiotics' in
broiler feeding was becoming a new area in
biotechnology and offer a possible replacement for the
use of sub-therapeutic level of antibiotics in broiler feeds.
The probiotics include more than 200 species of bacteria
and yeast. The various probiotics available in the market
are either single or combination of bacteria, yeast and
fungi. The use of probiotics in broiler feed causes better
growth, higher feed conversion, better digestibility and
improved product quality. The other results showed that
adding primalc probiotics caused a decrease in the blood
cholesterol, blood uric Acid and blood urea (Rezaei et al.,
2013). Georgieva et al. (2000) observed a significant
weight gain by less feed consumption at 49 days of age
in broiler chicken when supplemented with a commercial
probiotics, Lacto-Sacc compared to controls and
antibiotic treated groups. Bhat et al. (2003) reported that
the probiotic mixture containing Lactobacillus sporogenes
30,000 million cfu., Lactobacillus acidophilus 30,000
million cfu., Sac. cerevisiae SC — 47 1,25,000 million cfu.,
Alpha amylase 5 gm and sea weed extract 50 gm/kg
when fed to broiler chicken at the rate of 0.1% in feed
improved the body weight gain, feed consumption and
feed conversion ratio. Panda et al. (2000) reported
probiotic had no influence on dressing percentage or
weight of internal organs such as liver, heart and gizzard.
According to Mandal et al. (1994) there was no significant
increase in body weight gain in Bioboost®, a commericial
probiotic containing Sac. cerevisiae and Bacillus
coagulans (L. spororgenes), supplemented group. They
also reported serum biochemical components such as
serum protein (5.70 + 0.50 g/100 mL), serum calcium
(9.00 + 0.42 mg per 100 ml) and serum phosphorus (7.20
+ 0.42 mg/100 mL) which did not differ significantly
between control and probiotics supplemented groups.

PREBIOTICS

Gibson and Roberfroid (1995) defined a prebiotic as a



non-digestible food ingredient which beneficially affects
the host by selectively stimulating the growth of and/or
activating the metabolism of one or a limited number of
health-promoting bacteria in the intestinal tract, thus
improving the host's microbial balance. The growth of
endogenous microbial population groups such as
bifidobacteria and lactobacilli is specifically stimulated
and these bacteria species are perceived as beneficial to
animal health. Fructo-oligosaccharides were shown to
support the growth of beneficial bacteria, such as
lactobacilli (Xu et al., 2003; Yusrizal and Chen, 2003;
Zhan et al., 2003), but failed to stimulate the growth of
bifidobacteria (Vidanarachchi et al., 2006). It is reported
that rapid fermentation of prebiotics, leading to high
concentrations of organic acids, impaired the barrier
function, which reduced the ability of rats to resist
salmonella infection (Ten Bruggencate et al., 2003). It
may also be worthwhile to examine the interaction
between prebiotics(s) and bird sex. In the report by
Yusrizal and Chen (2003), body weight and feed
conversion ratio (FCR) of female birds were improved by
10 and 9% respectively, on oligofructose treatment but no
such effects were observed in males. Similar results were
stated also by Mateo et al. (2000). This proves that effect
of application of prebiotics depends on the condition of
animals, environment conditions, composition of food and
level and type of prebiotic included in the mixtures.
Maiorka et al. (2001) conducted an experiment with the
treatments such as T1-no additives, T2-antibiotics
(Olagquindoxa and Nitrovina), T3- prebiotic (0.2% Sac.
cerevisiae cell wall), T4-probiotic (300 ppm Bacillus
subtilis) and T5-symbiotic (T3+T4) and observed better
live weight gain in broilers up to 45 days of age, fed with
symbiotics followed by antibiotics, prebiotics and
probiotics. The total absence of additives in the diets
worsened broiler chicken performance. Prebiotics have
been shown to alter gastero-intestinal micro flora, alter
the immune system, prevent colonic cancer, reduce
pathogen invasion including pathogens such as
Salmonella entritidis and Escherichia coli and reduce
cholesterol (Cummings and Macfarlane, 2002). The other
results indicated that addition of prebiotic supplemen-
tations to broiler diets, improved growth performance,
carcass characteristics and decreased serum cholesterol
level of the broiler chickens at 42 day of age (Fallah and
Rezaei, 2013).

SYNBIOTICS

A synbiotic is, in its simplest definition, a combination of
probiotics and prebiotics (Collins and Gibson, 1999). This
combination could improve the survival of the probiotic
organism, because its specific substrate is available for
fermentation. This could result as an advantage to the
host through the availability of the live microorganism and
the prebiotic. Recent research showed that symbiotic
products improved immune status in broiler chicks
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(Zhang et al., 2006). According to (Awad et al., 2008) an
investigation, synbiotics can lead to better absorption of
glucose in poultry. Synbiotic product had a comparable
potential to improve broiler performance as avilamycin
(an antibiotic growth promoter) (Mohnl et al., 2007). Liong
and Shah (2006) concluded that the use of synbiotics
consumption in broilers regulates the concentration of the
organic acids and reduce cholesterol levels. Bailey et al.
(1991) used a combination of Fructooligosaccharides and
competitive exclusion flora to reduce Salmonella
colonization in chickens. The combination was more
effective in reducing Salmonella colonization Fructooligo-
saccharides than or in competitive probiotic alone.

PHYTOBIOTICS

Plant products have been used for centuries by humans
as food and to treat ailments. Natural medicinal products
originating from herbs and spices have also been used
as feed additives for farm animals in ancient cultures for
the same length of time. To differentiate from the plant
products used for veterinary purposes (prophylaxis and
therapy of diagnosed health problems), phytobiotics were
redefined by Windisch and Kroismayr (2006) as plant-
derived products added to the feed in order to improve
performance of agricultural livestock. Mechanism of the
action of these additives is not completely clear. Some
plant extracts influence digestion and secretion of
digestive enzymes and besides, they exhibit antibacterial,
antiviral and antioxidant (Cross et al., 2007).
Antimicrobial activity and immune enhancement probably
are the two major mechanisms by which phytobiotics
exert positive effects on the growth performance and
health of animals. Phytochemicals in phytobiotics are well
known to have antimicrobial ability (Cowan, 1999).
Polysaccharide components are considered to be the
most important immune active components (Xue and
Meng, 1996). A common feature of phytobiotics is that
they are a very complex mixture of bioactive components.
For example, hawthorn fruit, a common growth-
enhancing and digestion modifier, has been shown to
contain more than 70 kinds of organic chemicals along
with some unidentified factors and active bio-active
compounds (Wang et al., 1998). Therefore they may
exert multiple functions in the animal body. Increased
feed intake and digestive secretions are also observed in
animals offered phytobiotic-supplemented feed (Windisch
and Kroismayr, 2006). Growth enhancement through the
use of phytobiotics is probably the result of the
synergistic effects among complex active molecules
existing in phytobiotics (Gauthier, 2002). However, the
exact growth promoting mechanisms of phytobiotics in
broiler chickens are poorly understood. Four factors may
affect the effectiveness of phytobiotic additives: plant
parts and their physical properties; source; harvest time
and compatibility with the other ingredients in the feed
(Wang et al., 1998), which may also explain why 50%
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difference in BWG and 63% difference in FCR could
happen when different kinds of phytobiotics are used in
chicken diet (Xing, 2004). Although phytobiotics are a
group of natural additives, research into their
mechanisms of action, compatibility with diet, toxicity and
safety assessment (based on the fact that some
phytobiotic might have harmful substances) needs to be
done before they can be applied more extensively in
poultry feed. The results of the investigation by Fallah et
al. (2013) showed that adding phytobiotic compounds as
artichoke leaves meal and menthe extract in broiler diets
caused a decrease in HDL and LDL concentration.
Essential oils function mainly as antimicrobials and
antioxidants; their antimicrobial ability may modulate the
gut ecosystem to affect fat digestibility (Lee et al., 2004),
starch or/and protein digestibility of feeds (Hernandez et
al.,, 2004). A commercial preparation of essential oil
components reduced faecal Clostridium perfringens
counts of broilers in a field study (Mitsch et al., 2002).

ACIDIFIERS

Acidifiers have been used in poultry nutrition for long
time, in different forms and combinations which are
constantly changing. Organic acids reduce pH value of
food and in this way act as conserving agents and
prevent microbiological/microbial contamination of food,
and this effect is exhibited also in digestive tract of poultry
(Eidelsburger and Kirchgessner, 1994). Several mecha-
nisms through which dietary acids may produce desired
effects have been proposed (Partanen, 2001); reduced
gastric pH, reduced survival of pathogens through the
stomach, increased digestion of nutrients and direct
killing of bacteria appear to be the most prominent
organic acids in undissociated form are lipophilic and can
diffuse across bacterial cell membranes to reach the
interior of the cell. In a relatively high intracellular pH,
they dissociate and disrupt the bacterial cell function. The
effect may be stronger in some bacteria than in others
(Partanen, 2001). In brief, acids dissimilarly affect the
microbial populations along the digestive tract. In the
stomach, the numbers of coliforms and E. coli increase
regardless of type and form of organic acid, but there is
no clear-cut evidence about the effect of acidifiers on
Lactobacillus population. Acids generally reduce the
populations of Lactobacillus in the intestines and E. coli in
the colon. It appears that addition of acidifiers to the diet
may not result in an environment that is favorable for
beneficial bacteria like Lactobacillus but adverse to
coliforms and E. coli (Chapman, 1988). Favourable effect
of supplementation of individual organic acids to mixtures
was established relatively long time ago for formic acid
(Kirchgessner et al., 1992) and fumaric acid (Vogt et al.,
1981). In research published by Ao et al. (2009) it was
established that citric acid in combination with a-
galactosidase increased the effect of enzyme action, but
also had negative effect of feed consumption and gain.

Acidifiers, particularly the short chain fatty acids, acetate,
propionate and butyrate have contributed greatly to the
profitability in poultry and also provide people with health
and nutritious poultry products (Patten and Waldroup,
1998). Moreover, acidifier improved growth performance
through establishment of low gasterointestinal pH
condition by supporting endogenous digestive enzymes
and reducing undesired gut microorganism. Acidification
of diet with weak organic acids such as formic, fumaric,
propionic, lactic and sorbic acids have been reported to
decrease colonization of pathogen and production of
toxic metabolites, improved digestibility of protein, Ca, P,
Mg, Zn and served as substrate in the intermediary
metabolism (Richards et al., 2005).

CONCLUSION

Withdrawal of antibiotics from poultry foods created need
for alternative solutions which would influence improve-
ment of health and production traits of broiler chickens.
Alternative growth promoters are probiotics, prebiotics,
synbiotic, acidifiers and phytogenic additives. By
increasing the growth of beneficial microbes or by
reduction and removal of potential pathogens, the
alternatives to IFAs possibly can improve the health and
performance of birds. However, their effects on gut micro
flora interact with digestive physiology and thus growth in
many complex ways, which can be further influenced or
even determined by many other factors such as the
compatibility between the diet and the alternative,
hygiene standards and animal husbandry practices.
There possibly remain many questions to be answered or
barriers to be overcome so that the alternatives can be
applied (more) successfully in the industry in future.
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Participatory appraisal was applied to determine the major cattle diseases and investigate the
epidemiology of foot-and-mouth disease (FMD) in South Omo pastoral and agro-pastoral livestock
production system. Furthermore, assessment of associated risk factors in particular concern to local
production system was conducted by participatory appraisal. The participatory methods used were
clinical observation, matrix ranking and scoring, proportional piling and seasonal calendar. The result
of matrix ranking and scoring showed that hemorrhagic septicemia, contagious bovine pleuro
pneumonia (CBPP), trypanosomosis, FMD, black leg and anthrax were the major diseases of cattle in
South Omo zone. The finding of seasonal calendar indicated that incidence of FMD was found to be
high during the dry season than cold dry season. The lowest incidence was reported during the rainy
season. Similarly, contact of herds with wild animals increased during dry season than rainy season.
Based on this finding participatory epidemiology was found to be an important approach in veterinary

investigations and it can also be used besides to conventional approaches.

Key words: Foot-and-mouth disease (FMD), participatory appraisal, South Omo zone, cattle, risk factors.

INTRODUCTION

In Africa, the non-forested portion of humid zone and the
sub-humid part of sub-Saharan Africa are the areas with
the greatest opportunity for expanding crop and livestock
production. In this part of Africa, the greater half of the
ruminant population are reared (over 232 million heads of
cattle and 343 million heads of sheep and goats)
(FAOSTAT, 2005).

This huge continental resource plays multi-factorial
roles in mixed crop-livestock farming system. Hence, it
has been proved that livestock production through
improved production strategies could play a significant
role in the development of a sustainable and environ-
mentally friendly agriculture in efforts to ensure food
security, poverty alleviation and effective utilization of
natural resources (Afework et al., 2004; Shaw, 2004).

Economical loss due to occurrence foot-and-mouth
disease (FMD) is tremendous that occurred due to death
of young animals, marked reduction in milk yield, abortion
in advanced stage of pregnancy and reduced working
ability of the animals, reduced quality and quantity of
meat, reduction in fertility, loss of quality of semen in
breeding bull, etc., and the disease also restricts the
possible export of livestock and livestock products
(Yadav, 2003).

The poor farmers are most sufferers by FMD, because
of non-availability of vaccine (FAO and OIE, 2012) and
lack of awareness about vaccination program (Singh et
al., 1987. Furthermore, the economic losses due to FMD
were more to the marginal farmers.In Ethiopia, outbreaks
of FMD frequently occur in the pastoral herds (Sahle,
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2004). This is mainly due to lack of effective vaccine,
absence of livestock movement control and absence of
systematic disease surveillance and reliable epidemiolo-
gical data. However, it is likely that the disease is under-
reported due to comparatively high tolerance of local
breeds to the clinical episodes of the disease (Leforban,
2005). Therefore, it seems that FMD is more prevalent
and has been one of the major causes for considerable
economic loss of the rural communities in Ethiopia.
Providing veterinary services to the communities
according to the western model has proven difficult due
to lack of infrastructure and the veterinarian has limited
experience in harsh environments of pastoral system.
Thus, participatory approach methods become important
in disease investigations and in implementing different
disease prevention and control strategies in developing
countries, particularly in working with rural and pastoral
communities. This is also of paramount importance to
draw the indigenous knowledge and reach experience of
the communities on the diseases of their locality
(Leyland, 1991).

Furthermore, there is extensive traditional or ethno-
veterinary knowledge that pastoralists have been known
to possess and on which they rely to diagnose or treat
many diseases (Rufael et al., 2006). It is possible that the
proper collection and analysis of data for diseases like
FMD that are often under reported by conventional
veterinary services. Therefore, data collection in pastoral
areas can better be managed in participatory manners.
Participatory rural appraisal (PRA) is a systematic data
gathering activity carried out by a multidisciplinary team
to reveal the unidentified facts about a community (Lelo
et al.,, 1995). Veterinarians and livestock workers have
used and are presently using a variety of PRA methods
to investigate animal health problems (Catley, 1997). The
tools include interviewing, scoring and ranking, and
visualization such as seasonal calendars, maps, Venn
diagrams and flow charts.

Therefore, this study is designed with the objectives to
determine the mortality and morbidity of major livestock
diseases as compared to FMD and to assess the
perception and understanding of community about the
disease in the area.

MATERIALS AND METHODS
Study area

The study was conducted in two districts of South Omo zone, which
are Dasanech and Hammer. The districts were selected from the
existing districts of South Omo zone purposively; based on their
geographical location, proximity to livestock market, huge ruminant
population density, and possibility of contact with wild animals in
nearby parks and sanctuary and to include different agro-ecologies
of the zone. South Omo zone is located in South-West of SNNPR
state, bordering with from east: Konso and Derashe Special districts
of SNNPR state and Borena zone of Oromia regional state; North:
North Omo and Kaffashaka zones; West: Sudan and Bench-maji
zones; and South: Kenya. The zone covers an area of 22,000 km?,
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and the area is inhabited by 14 ethnic groups, namely Ari, Banna,
Hammer, Dasanech, Gnangatom, Kara, Kweegu, Mursi, Bodi,
Malle, Tsemai, Arbore, Bacha and Dime (CSA, 2008). The study
area is indicated in the map of Ethiopia (Figure 1).

Study animals and sampling technique

The study herds were selected from animal population in two
districts of South Omo zone, Bennatsemay and Dasanech. From
the selected districts, pastoral/peasant associations (PA) were
selected randomly from the district’s PA list. For this purpose, 10%
of PA from the district was selected. From selected PA cattle herds
were selected as primary sampling unit. Herd selection was
implemented conveniently giving effort to include different herd
sizes and composition in the PA. About 20% of cattle herds from
the selected PA’s were included in sampling. Individual animals
from the selected herd were selected randomly and about 10% of
animals in the herd were sampled to represent herd. The selected
animals were observed for the clinical and chronic FMD.
Participatory appraisal of major livestock health problems were
employed in each selected PA of the district. For every PA, which is
considered as one community group, one appraisal was done.

Study design

Multistage sampling technique was employed to select study dis-
tricts, PA, herd and sampling animal. Participatory appraisal method
was applied to generate information on major cattle diseases and
the epidemiology of FMD in the study area. The association
regarding FMD in the area to contact history of wild life was
thoroughly assessed. The participatory appraisal methods used
were clinical observation, matrix ranking and scoring, proportional
piling, pair-wise ranking and seasonal calendar.

Participatory disease appraisal
Clinical observation

Clinical observation of sick animals related to FMD was done during
sample collection in order to cross check the perception of the
communities with other participatory appraisal results. All sampling
herds were visited for acute or chronic clinical signs. Clinical signs
considered were vesicular to abrasion lesions in the oral cavity,
lesions in inter-digital space, lameness and lesions in and around
mammary glands and the teats, hair over growth and panting.

Matrix and pair wise ranking and scoring

Matrix scoring was conducted to understand the perception of
community to major cattle diseases prevailing in the area. For this
purpose, the selected community groups were made to select, rank
and score the major five cattle diseases of the area. The ranking
and scoring were done by matrix ranking and scoring and
triangulated by pair-wise ranking and scoring. The ranking and
scoring were done in eight community groups from eight selected
PAs in Hammer and Dasanech districts of the study area. Group
composition is made to include different community members by
sex, age, skill, experience and social status for all participatory
approaches done with groups.

Proportional piling

Proportional piling was employed in two districts, Hammer and
Dasanech, representing different production system, to estimate the
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Figure 1. The study area, South Omo zone.

relative incidence and mortality caused by the five most important
cattle diseases during the past one year, identified in matrix pair-
wise ranking and scoring earlier. Informant groups from selected
PAs of each district were requested to classify the animals into
different age groups and were classified into 3 categories. One age
category of less than 1 year of age, between 1 and 4 years, and
above 4 years. Then every informant group was allowed to maintain
a pile of 100 stones for each age group. Then they were asked to
separate proportion of pile representing sick animals from total herd
for each age categories. This was done for major five diseases
identified in matrix scoring and ranking for the last one year.
Furthermore, the proportion of stones representing dead animals
from sick animals was separated from the proportion of piles of
stones representing sick animals. These were done separately for
each age groups and different diseases to avoid confusion. Then,
the piles of stones representing sick and dead animals from various
diseases on different age groups were calculated to determine the
incidence and mortality of various diseases in the area.

Seasonal calendar

Seasonal calendars were used to determine the seasonal
occurrence of FMD. Seasonal calendar of FMD and contact of
cattle to wild animals were done in eight community informant
groups from eight PA of Dasanech and Hammer districts. The
different seasons of the year were categorized according to the
pastoralist’'s division category in four categories as long rainy
season, ranging from March to May; cold dry season, ranging from
June to August; short rainy season, ranging from September to
November; and long dry season, ranging from December to
February.
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RESULTS
Clinical observation

Nine sick animals with acute clinical signs were observed
during the study period in 2 outbreaks, 1 in Bori PA of
Bennatsemay district and another in Lalla PA of Hammer
district. Both outbreak cases were reported at the end of
the drought season. In both Pas, cattle with clinical FMD
cases were reported that they were kept in Mago
National Park and were brought to the homestead.
Chronically sick animals from FMD were reported to be
attacked by hyenas and other predators in the park area,
because these animals cannot escape due to lameness
and weakness by the disease and feed shortage
aggravated by drought.

Common clinical signs observed in acutely affected
animals from FMD were vesicular to abrasive lesions in
the oral cavity, frothy discharge from the mouth, lesion in
the interdigital space and on the teats. Shade seeking
and standing inside and not willing to come out of
watering points is a typical feature of the disease,
according to the pastoralist's knowledge. Young animals
usually die due to FMD virus infection.

However, the common cause of death of FMD infected
adult cattle was an attack by predators in South Omo
zone. According to pastoralist's observation, those
animals which survived acute FMD showed overgrowth of



hair, dullness, isolation from the herd, standing under
shade during hotter hours of a day and reduced milk
production.

Matrix/pair wise ranking and scoring

The summarized major five diseases of cattle identified
and prioritized by four pastoralist informant groups, in
four PAs in Dasanech district were contagious bovine
pleuro pneumonia (CBPP), septicemic pasteurellosis,
anthrax, FMD and black leg. CBPP and septicemic
pasturellosis were found to be more important than other
diseases due to their high case fatality rates in Dasanech
district. The result in Hammer district showed that
septicemic pasteurellosis, trypanosomosis, black leg,
CBPP and FMD are among the most important disease in
the district. Septicemic pasteurellosis scored 2 times
more important than trypanosomosis and black leg, but 6
times more important than CBPP and FMD. In this
district, community groups ranked the major diseases
according to the losses incurred by the diseases. This
indicates that the knowledge of community to major
diseases in the area is good and they well explained the
disease problems prevailing in their locality.

Proportional piling

The summarized mean number of sick and dead cattle
from the major diseases in Dasanech and Hammer
districts are shown in Table 1. The summarized
occurrence (age specific) of major diseases of cattle in
Dasanech district was found to be 5.6 (3 to 8%), 3.3 (0 to
6%), 2.6 (0 to 5%), 2.3 (2 to 3%), and 1.3 (0 to 3%) for
CBPP, septicemic pasteurellosis, anthrax, FMD and
black leg, respectively.

The summarized mean number of cattle affected and
died from the major disease in Hammer district in the last
one year according to proportional pilling is as shown in
Table 1. The occurrence (age specific) of major diseases
of cattle in this district was 5.3 (3 to 7%), 4.0 (3 to 5%),
3.0 (1 to 5%), 2.0 (2%), and 1.6 (1 to 3)% of septicemic
pasteurellosis, trypanosomosis, black leg, CBPP and
FMD, respectively.

Seasonal calendar

Summarized seasonal calendar for FMD and contact with
wildlife in Dasanech and Hammer districts are as shown
in Table 2. The incidence of FMD was found to be high
during the dry season than cold dry season. The lowest
incidence was reported during the rainy season. The
informants also have stated that seasonal cattle
movement occurs frequently during the dry season in
search of good pasture and water, which also is directly
associated to contact wild animals in these districts. This

Molla et al. 325

pattern of seasonal movement (mainly in the dry season)
also determines contact between different herds of
domestic animals, and it is exacerbated by limited water
sources.

The occurrence of FMD was found to be higher during
the dry season followed by cold dry season in both
districts. In Dasanech district, FMD occurs throughout the
year but in Hammer district there were no FMD cases in
the long rainy season. The seasonal occurrence of FMD
in Dasanech and Hammer districts were indicated in
Figures 2 and 3. Furthermore, the association of contact
pattern of cattle to wild animals and the occurrence of
FMD in cattle in Dasanech and Hammer districts using
seasonal calendar as shown in Figures 4 and 5. The
association in Hammer district was by far linearly
associated than that of Dasanech district which could be
due to the fact that the contact to wild animals in Hammer
is more regular in that the animals migrate in search of
pasture and water thereby making regular contact to wild
animals as compared to Dasanech where they migrate to
long distances but not directly linked to parks and
sanctuaries and thus the contact to wild animals is not
regular.

DISCUSSION

This study indicated that FMD was the fourth most
important cattle health problem and an emerging disease
in South Omo zone. The descriptions by most of the
cattle owners showed that they well know most of the
clinical presentations of the disease. Indeed most of the
signs listed for FMD were consistent with what is
indicated in different reports (Catley et al., 2001, 2004; et
al., 1994). In Ethiopia, similar signs have been reported in
pastoral cattle of Afar (Tadesse, 2003), Somali (Eshetu,
2003) and Oromia (Rufael et al., 2008) regional states.

The higher district level occurrence of the disease was
observed in Hammer district than that of Dasanech. This
could be due to the fact that higher contact pattern of
domestic animals to wild animals and also their high
migratory pattern in Hammer as compared to Dasanech
district which are not as migratory and not as such huge
wild ruminant population bordering the district. The higher
prevalence of disease in Hammer could be accounted
due to the fact that this district is a center for cattle
market facilitating contact among cattle from different
sources and this area is border transit for transporting
animals for draft power from the potential livestock
producer areas like Dasanech and Gnagatom areas, to
mixed crop livestock producer areas like Debub Aari and
Malle districts.

There is strong association of contact pattern to wild
animals to domestic animals with the occurrences of
FMD in the cattle. This finding is in agreement with the
reports of Macaulay (1963) and Hedger (1981) who
observed that many species of wild animals have been
reported as having been infected with FMD virus and
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Table 1. Summarized age specific occurrence and mortality rates of major cattle diseases in Hammer and Dasanech districts by
proportional piling.

District Health status by age Septlcemlc_ Trypanosomosis Blackleg CBPP FMD Total
pasteurellosis
Sick age less than 1 3 3 1 2 3 12
Sickage 1to 4 7 5 5 2 1 20
Sick age above 4 6 4 3 2 1 16
Died age less than 1 0 2 0 1 1 4
Hammer Died age 1to 4 2 1 2 0 0 5
Died age above 4 3 0 0 0 0 3
Healthy age less than 1 97 97 99 98 97 488
Healthy age 1to 4 93 95 95 98 99 480
Healthy age above 4 94 96 97 98 99 484
Subtotal 305 303 302 301 301 1512
Sick age less than 1 3 0 0 2 0 5
Sick age 1lto 4 6 6 5 2 3 22
Sick age above 4 8 4 3 3 1 19
Dead age less than 1 0 0 0 1 0 1
Dasanech Dead age 1to 4 2 3 2 0 1 9
Dead age above 4 3 1 0 0 0 4
Healthy age less than 1 97 100 100 98 100 495
Healthy age 1to 4 94 94 95 98 97 478
Healthy age above 4 92 96 97 97 99 483
Subtotal 305 304 302 301 301 1516
Total 610 607 604 602 602 3028

Table 2. Summarized seasonal calendar of FMD and contact of cattle to wild animals in Dasanech
and Hammer districts.

District Local seasonal category Longrainy Cold dry Shortrainy Longdry

Dassenech FMD occurrence 1 5 2 13
Contact to wild animals 0 2 4 8

Hammer FMD occurrence 0 4 4 12
Contact to wild animals 2 3 6 15

FMD occurrence in Dasanech by
season
long rainy
5%
cold dry

Py

short dry
10%6

Figure 2. Seasonal occurrence of FMD in Dasanech district.
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FMD occurrence in Hammer by
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Figure 3. Seasonal occurrence of FMD in Hammer district.
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Figure 4. Contact pattern associated to FMD occurrence in Dasanech district.

Association of FMD and wild life contact, Hammer

100

/, —&— FMD occurrence

| e —B— Contact to wild animals

l T T T
Long rainy Colddry Shortdry Long dry

10

Number of sick
animals in herd

Season of the year

Figure 5. Contact pattern associated to FMD occurrence in Hammer district.
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A cross-sectional study was conducted from October 2010 to August 2012 to determine the prevalence
of camel hydatidosis and associated risk factors in camels slaughtered for human consumption at
Akaki municipal abattoir. The results of this study revealed that out of 770 camels slaughtered, 474 (61.6
%) were harboring hydatid cysts with varying numbers and sizes in different organs (3850) in the
following manner; liver (53.51%), lungs (40.39%), heart (0.13%), gastrointestinal track (GIT, 0.9%) and
Kidneys (0.13%). The positive samples were put in plastic bags and taken to the laboratory for
characterization of the cysts for fertility and viability. There was no significant variation between camels
of different origins and the anatomo-morphological features of the cysts. The infection rates varied
significantly among age groups (p<0.05), sex (p<0.005) and body condition score (p<0.05) of camels.
The prevalence was found to be high (61.94%) in higher age group animals, that is, greater than 10 years
as compared to 3 to 5 years (25%). The mean intensity of hydatid cyst among affected camels was found
to be 3.1+5.8. Out of the examined cysts, 41.5% were found to be fertile and viable, while 18.3, 21.3 and
18.9% were non-viable, sterile and calcified cysts, respectively. The fertility of the cysts was 68.5 and
70.7% in liver and lungs, respectively.The high prevalence of camel hydatidosis affecting different
organs indicates the seriousness of this disease particularly in the area of the origin of these animals
that require an immediate control intervention.

Key words: Camelus dromedarius, cyst fertility, hydatid cyst, prevalence.

INTRODUCTION

Ethiopia is an agrarian country with huge livestock
population in Africa possessing 23 millions heads of
camels (MOI, 2005). Even though these animals play a
crucial role in providing draught power, determining the
wealth, social and food status of pastoralist living in mid-
altitude and low land of Ethiopia, Africa and Asia, little is
known about their husbandry practices, productive and
reproductive performances (Getahun and Belay, 2002).
Among parasitic diseases affecting camels, hydatidosis

is a diseases with substantial economic and public health
importance occurring in many countries (Lahmar et al.,
2004) and is becoming more endemic in many African
countries (Azlaf and Dakkak, 2006; Getaw et al., 2010).
Hydatidosis/Echinococcosis is a cosmopolitan zoon-
osis caused by larval stages of cestodes belonging to the
genus Echinococcus (Craig et al., 2007). Larval infection
(hydatidosis) is characterized by long term growth of
hydatid cysts in the intermediate host. Factor governing
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the prevalence of hydatidosis in a given locality may be
associated with prevailing specific social cultural, environ-
mental conditions and the dynamics of transmission
between the dog and its intermediate host and human
(Macpherson, 1985). The public health and economic
significances of hydatidosis lies on the cost of hospi-
talization, medical and surgical fees, loss of income and
productivity due to permanent or temporary incapacity to
work. The social consequence of hydatidosis is disability
and mortality (Macpherson et al., 1985). In food animals,
hydatidosis has an adverse effect on production causing
decreased production of meat, milk, wool, reduction in
growth rate and predisposition to other diseases (Kebede
et al., 2009b).

Previous studies (Mohammed, 1988; Abdul-Jawed,
1988) from different parts of Ethiopia reported the preva-
lence of cattle and sheep hydatidosis ranging from 25.7
to 63% and 4.4 to 18.8%, respectively. However, few
reports (Woldemeskel et al., 2001; Salih et al., 2011) are
available on the prevalence of camel hydatidosis in
Ethiopia. Therefore, this study was designed to estimate
the prevalence of hydatidosis, determining cyst fertility,
viability and assessment of the associated risk factors in
slaughtered camels at Akaki abattoir.

MATERIALS AND METHODS
Study area

The study was conducted at Akaki abattoir, which is located in
Addis Ababa, the capital city of Ethiopia. The city is located at
9°1’48 North and 38° 44°-24’ East at an average altitude of 2500 m
above sea level. The annual rainfall is about 800 to 1100 mm® and
a mean annual maximum and minimum temperature is about 21 to
27°C, respectively (NMSAE, 2012). Although the camel meat is not
popular in Addis Ababa, the Somali community and some other
Muslim communities who live in the city are the main consumers of
camel meat from this abattoir. As a result the Akaki abattoir usually
slaughters an average of eight camels per day. In addition, this
abattoir, also give service to the hotels and restaurants of the Akaki
town by slaughtering cattle, sheep and goats every day.

Study animals

The study was conducted on 770 one humped camels (Camelus
dromedarius) brought from various camel rearing pastoral areas of
the east and south part of the country, namely, Borena, Chiro,
Metahara, Miesso and Kereyou.

Sample size determination and sampling procedure

It is reasonable to assume the systematic sample is a represen-
tative as a simple random sample. Therefore, the sample size was
calculated using the formula given for simple random sampling
(Thrusfield, 2005) with 50% expected prevalence, 95% confidence
interval and 5% desired absolute precision. Accordingly, the
calculated sample size was found to be 384. In order to maximize
randomness as well as level of precision, a total of 770 camels
which were slaughtered at Akaki abattoir for human consumption

were sampled. The sampling was carried out using systematic
random sampling (Thrusfield, 2005) in such a way that the sampling
units were selected at equal intervals with the first animal being
selected randomly.

Study type and methodology

During the cross-sectional study, the ante mortem and post mortem
inspection was carried out in accordance with the procedures of
Ethiopian Ministry of Agriculture Meat Inspection Regulation 1972.
During ante mortem inspection, the animals were placed in a
collection barn for 24 h for visual observation. Animals which show
clinical signs of illness and some pathological alterations, a
checkup and treatment were carried out. Information concerning
age, body condition score, sex, behavior, and nutritional status of
all animals were properly recorded (Gracey et al., 1999). The age of
the sampled animals was determined by dental eruption according
to Khan et al. (2003). The body condition scoring for camels was
carried out based on the guidelines given by Faye et al. (2001). The
scoring was conducted by looking at the back and flank and then
classified as poor (0 and 1), medium (2 and 3), and good (4 and 5).

Post mortem inspection

Regular visits were made to Akaki abattoir and a thorough
examination of visceral organs (liver, lungs, heart, spleen, kidneys,
other viscera and tissues) was done by inspection, palpation and
incision of each slaughtered camels. The number of cysts and the
organ from which the cysts recovered were also recorded
systematical and collected in a plastic bag for close examination in
the laboratory to confirm the doubtful cases immediately.

Determination of cyst fertility and viability

After collection of samples from each hydatid cysts positive organs,
the wall of the cyst was punctured by a large needle and opened
with scalpel blade and contents were transferred into test tube.
Based on the presence and absence of broad capsule containing
protoscolices in hydatid fluid, cysts were identified and classified as
fertile and infertile. The infertile cysts were further classified as
sterile (fluid filled cysts without protoscolices) and calcified, as
indicated by Macpherson (1985). To determine viability of
protoscolices, a drop of the sediment of the cyst fluid with
protoscolices was placed on microscopic glass slide and covered
by 22 x 22 cover slip and then an amoeboid peristaltic movement
(flame cell activity) was observed under the objective of 40x (Smyth
and Barrett, 1980). When it becomes confusing to observe such
movement, a drop of 0.1% aqueous eosin solution was added to
equal volume of protoscolices to completely or partially exclude the
dye, the dead one took the dye (stained red), whereas the viable
one were not stained (Macpherson, 1985).

Data analysis

The data obtained from post mortem and laboratory findings were
interred to Ms Excel sheet and then analyzed by using statistical
Package for Social Sciences (SPPS) for window version 15, SPSS,
Inc, Chicago, IL. Initially, unvariate logistic regression followed by
multiple logistic regression analysis was employed to analyze the
existence of association between the different risk factors and
occurrence of hydatidosis. The 95% confidence intervals (Cl) were
also calculated. All value of P<0.05 were considered significant.
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Table 1. Prevalence of camel hydatidosis based on age and Body condition score in Akaki abattoir.

Risk factors

No. of camels examined

No. infected camels Prevalence (%)

Sex Female 760
Male 10
3-5years 8

Al

ge >10 years 762
Medium 712

B

€S Good 58

470 61.8
4 40
2 25

472 61.9

434 61

40 69

Table 2. Prevalence of hydatid cysts based on anatomical sites.

Organs (Sites)

Total No. of organs examined No. of infected organs

Prevalence (%)

GIT 770
Heart 770
Kidneys 770
Liver 770
Lungs 770
Total 3850

7 0.90
1 0.13
1 0.13
412 53.51
311 40.39
732 16.73

Table 3. Organ distribution of the hydatid cyst in each organ.

No. of organs No. of cysts in each

Organ infected organ
GIT 7 15
Liver 412 3774
Lung 311 3132
Heart 1 1
Kidney 1 1
Total 732 6923
RESULTS

Prevalence and analysis of the risk factors

During the study period, from October 2010 to April 2012,
a total 770 camels were examined, out of which 474
(61.6%) were found to be harboring hydatid cysts in their
internal organs. The occurrence of hydatidosis signifi-
cantly varied among age group (P<0.05), sex (P<0.05),
and body condition score of camels (P<0.05) (Table 1).

Out of 474 camels infected, the prevalence from
infected cases count the highest relative percentage in
liver 53.5% (412/770), lungs 40.39% (311/770), gastro-
intestinal track (GIT) 0.9% (7/770), heart 0.13% (1/770)
and kidneys 0.13% (1/770) (Table 2).

Out of a total of 3850 organs examined for hydatid
cysts, 732 organs were harboring cysts. The maximum

Table 4. Organ distribution of hydatid cysts on the bais of their size.

Organ Small Medium Large Total
GIT 4 2 1 7
Heart 0 1 0 1
Kidney 1 0 0 1
Liver 2150 1320 304 3774
Lung 1632 1217 284 3132
Total 3786 2540 589 6915

number of cysts found in infected organ was 32, while the
minimum was 1. The mean intensity of cysts in camels
harboring hydatid cysts was 9.16 (Table 3).

Organ distribution of the cyst

Single and multiple hydatid cysts distribution were
recorded in different organs. Higher number of large and
medium sized cysts was found in the lungs (Table 4),
while higher number of small and calcified cysts was
encountered in the liver (Tables 4 and 5). Most of the
hydatid cysts were concentrated in liver and lungs of
camels.

Cyst fertility and Viability

Out of 732 cysts observed and examined for fertility and
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Table 5. Distribution of fertile (viable, nonviable), sterile and calcified hydatid cysts in liver and lungs of camels

slaughtered at Akaki abattoir.

Status of cysts

Organs inspected No. of organs infected

Fertile cysts

Infertile cysts

Viable

Non-viable  Sterile cyst Calcified

Liver 412 165 (68.5%) 76 (31.3%) 84 (20.4%) 87 (21.1%)
Lung 311 135 (70.7%) 56 (29.3%) 70 (22.5%) 50 (16.1%)
Total 723 300 (41.5%) 132 (18.3%) 154 (21.3%) 137 (18.9%)
viability, 68.5% (165/723) were found to be viable and age-dependent increase in infection rate among

fertile in the liver, whereas 31.3% (76/723) were dead.
However, in the lungs, 70.7% (135/723) viable and fertile
and 29.3% (56/723) were dead and calcified once.
Details of the percentage of viability and fertility of cysts
in livers and lungs were indicated in Table 5.

DISCUSSION

In the present study, the prevalence of the hydatid
disease was 61.56% which is higher than reports of
Bitsat (2001) and Woldemeskel (2001). On the contrary,
a very lower prevalence of camel hydatidosis was
reported from Harar (Eatern Ethiopia) by Wubet (1987).
These variations in results could be due to the variations
in the temperature, environmental conditions, livestock
health practice, the nature of the pastoral grazing and the
way of upbringing these animals in the study areas.

In the present study, majority of the slaughtered and
inspected animals were females than few numbers of
male camels. Hence, more than 50% of inspected
females were found to be positive for hydatiodisis.
Comparable findings have been reported in Kuwait
(Abdul-salam and Farah, 1988). This might be related to
the practices in the management of male and female
camels that males are moved too far for grazing and
watering, whereas females are usually managed around
homesteads, at the backyard for milk purpose which
commonly expose female animals to come in contact with
infected dogs (Parija, 2004). In many camel breeding
areas, offals are not consumed by the community rather
given to dogs and this may increase the chance of
environmental contamination, whereby dogs can easily
acquire the infection and then continuously discharge
eggs of echiococcus parasites. Consequently, as females
remain longer than males for reproductive purposes in
the area, the probability of getting more infection will be
higher than male ones. Moreover, the situation becomes
more exacerbated as dogs are not kept in-door for
religious and traditional matters resulting in increased
number of stray dogs favours further dissemination of the
disease.

The result showed that the infection prevalence was
higher in the older age (10 years) classes (P < 0.05). The

examined animals is in accordance with the findings of
Azlaf and Dakkak (2006). The age variation can also be
associated with differences in exposure to infection,
because older livestock may have been exposed to more
infective stages (Ibrahim et al., 2011). It is also possible
to relate this general fact that most of the camels are
slaughtered in their old age when their milk and/or calf
production and working capacity get reduced and they fall
sick frequently.

Among hydatidosis positive camels, liver (53.51%) was
found to be the most frequently infected visceral organs,
followed by lungs (40.31%), other organs (0.91%), heart
(0.13%) and kidneys (0.13). This result is in agreement
with other studies associated with camels (Woldemeskel
et al.,, 2001) in Ethiopia, Ahmadi (2005) from Iran and
Ibrahim and Craig (1998) in Libya. On the contrary,
Ibrahim and Craig (1998) documented a high liver
infection than lungs in their works. The observed higher
frequency of infection in liver might be attributed to the
great capillaries netweork present in liver that could easi-
ly trap circulated oncohospheres (Getaw et al., 2010).

The fertility rate among the organs was found higher in
lungs (70.68%) compared to liver which was 68.46%. It
has been stated that the relatively softer consistency of
lung tissue allows the easier development of the cyst
(Himonas, 1987). Our result was also in agreement with
the reports of Ahmadi (2005) from Iran who demonstrated
that the fertility of the cyst from lungs was 69.7% as
compared to 58.7% from liver in slaughtered camel in five
different abattoirs. The greater prevalence and high
fertility rate of pulmonary cyst over hepatic cyst of camel
indicate the importance of internal organs as a potential
source of infection to dogs.

Conclusively, hydatidosis was found to be one of the
most important parasitic diseases in camels slaughtered
at Akaki abattoir. The distributions of hydatid cyst in
different organs implicate the seriousness of this disease
in camel health. Further epidemiological studies on the
diseases status, public health importance and associated
risk factors influencing the occurrence of camel hydatidosis
should be conducted in the areas of origin of these
animals. The high prevalence reported in the current
study warrant serious attention for prevention and control
of this disease.
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