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SUMMARY

This study was done to determine fertility and
hatchability rates of ostrich eggs in relation to the different
methods of breeding. Incidence of bacterial and fungal
contaminants encountered from the un-hatched ostrich
eggs were also evaluated, A total of 601 eggs laid by
ostrich were collected from the different systems of
housing as follows; intensive system with wire fence (179
eggs); intensive system with block fence (63 eggs); semi-
intensive system (304 eggs) and extensive system (55
eggs). All of these eggs were incubated in a multi-stage
incubator. Eggs which failed to hatch were opened to
determined whether the egg was infertile or not and age at
which any embryo had died. Sterile swabs were taken from
dead embryos in the un-hatched eggs and were subjected
to bacterial and fungal examination. The results showed
that the overall fertility rate of all ostrich eggs set was
53.91% (324 out of 601). Forty-three out of 324 fertile eggs
(13.27%) failed to hatch and showed embryonic mortality.
Overall hatchability of all eggs set was 46.76% (281 out of
601), while hatchability rate of the fertile eggs was 86.73%
(281 out of 324). The overall mean of all ostrich eggs weight
(gm) was 1395.89%144.31. The average weight loss (water
loss) from ostrich eggs during incubation was 14.19%2.14%,
Of 43 un-hatched eggs, 12 (27.91%) showed bacterial and
10 (23.56%) fungal contaminants. A variety of bacteria and
fungi were isolated from the un-hatched ostrich eggs that
contain dead embryos. Among the studied systems of
ostrich housing, extensive system showed the fowest
percentage of fertility and hatchability in comparison with
the other systems and this may be due to the higher
microbial contamination, low water loss and poor nest
hygiene. To prevent microbial contamination of ostrich
eggs and in turn increasing fertility and hatchability rates,
the high standards of nest hygiene shouid be maintained.
In addition, periodic egg weighing must be given some
attention to avoid excessive or decreasing percentage of
water losses from ostrich eggs during incubation,
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INTRODUCTION

The ostrich (Struthio camelus), a member of the ratite of
flightless birds, is the large living birds and is native to semi-arid
and desert areas of Africa (Honnas et al., 1981). It has been in
domestication since the mid-1880s, primarily in South Africa, but
ostrich farms were established in various countries around the
world (Hastings, 19891). Today, the ostrich remains in
domestication for the leather, meat and feather, and is an
important aspects of agriculture in South Africa, Nambia,
Zimbabwe with interst growing in farming the bird in USA, Australia
and Europe (Melleit, 1993 and Deeming, 1995a). The only way to
maintain a healthy and profitable ostrich industry in [ong term is by
implementation of comprehensive, practical and effective methods
of management and preventive methods” (T ully & Shane, 1996).

Hatchability of artificiaily, in_cu_bated ostrich eggs is generally
low with ‘many fertile eggs failing to hatch. Artificial incubation of
ostrich eggs, an essential aspects of any commercial operation,
has had limited success with only 50% of hatchability of ‘all eggs
set in South Africa (Mellett, 1993) and variable resuits from ostrich
eggs imported into the UK from Namibia and Zimbabwe (Deeming
et al., 1993a; and Deeming 1995a). Most mortality of artificially
incubated ostrich eggs takes place in the last 7-14 days before
hatching and represent a substantial loss of farms (Philbery et al,,
1991; Bowsher, 1992 and Deeming, 1995a).

Ostrich eggs often have low hatchability rates because they
dont loss sufficient weight during incubation. Moreover, eggshell
porosity and thickness as well as length of pre-incubation egg
storage are known to affect egg weight loss (water loss) during
incubation and hatchability (Gonzalez et al.,, 1899). A poor
understanding of the pattern of embryonic development, especially
during hatching, is thought to contribute in part to such poor results
(Deeming, 1993), although other factors such as infertility and egg
contamination are significant problems (Deeming, 1995a).
Environmental conditions also influence ostrich egg hatchability
including temperature & humidity, gaseous environment and
orientation of the eggs (Meijerhof, 1992 and Mellett, 1993).
Hatchability in mechanical incubator is also affected by, various
factors such as turning of eggs during incubation (Deemlng, 1989);
nuiritional status of female ostrich (Angel, 1995); nutrients of
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ostrich eggs (Philbery et al., 1991) and microbial contamination of
the eggs (Deeming 1996a).

Ostrich egg contamination due to microbial agents is a major
health concern of ostrich production (Khafagy & Kamel, 2001).
However, microbial spoilage of hatching eggs is a problem in
poultry causing, for example, a loss of about 13% of the parent
broiler eggs and is a particular problems among older flocks (Bruce
& Drysdale, 1991).

There was a lack of information about fertility and hatchability
of ostrich ( Struthio cameleus) eggs in Egypt and it is not known to
what extent microbial contaminants contributes to poor hatchability
in ostrich eggs. So, this study sought to answer these questions by
determining fertility and hatchability of eggs laid by the ostriches
under different methods of breeding. Incidence of bacterial and
fungal contaminants encountered from the un-hatched eggs were
also evaluated.

MATERIALS & METHODS

This study was carried out at ANAAM Egptian Saudi company for
ostrich breeding in Ismalia govemorate, Wady El-Molak. Ostriches
were fed ad libitum. The diet were offered everyday morning. For
one ostrich, the amount of diet composed of : pouliry breeder dry
ration (100 gm); meat (100 gm); com (200 gm); Lettuce (100 gm);
Carrot (100 gm); Bean (500 gm); Eggs (2) and bread (100 gm).

The poultry breeder dry ration was that produced by Cairo
company for table egg production. It was made of yellow corn,
Soya bean cake, bran, lime stone, vitamins and mineral mixture.
This ration contains crude protein (not less than 18%), Crude fat
(not less than 2.9%) and crude fiber (not less than 2.7%). Tap
water was offered to the ostriches in a drinking basin ad libitum.
The basin was cleaned daily and provided with fresh water. Eight
to 12 weeks before the beginning of breeding season, the sexes
are separated (camping off) for ensuring good average number of
eggs in the following seasons with high fertility rate., This break will
give the ostrich a well deserved rest (Tuckwell & Rice, 1997).

The breeding systems in the ostrich farm were classified into
three systems and each one was composed of breeding units
(Hulton, 1989).
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Intensive_system: Each unit (5x30m?) included one-cock and two
hens. The breeding unit was surrounded by a wire mesh or biock
fence.

Semi-intensive system: Each unit (10x40m?) included one cock
andithree hens. The breeding unit was surrounded by a block
fence.

Extensive system. Each unit (one acre) included six cocks and
twelve hens. ‘

The age of both cocks and hens were about 4 years old. The
litter in the previous systems was sand except in the intensive
system which included different types of litters (sand, concrete or
both).

A total of 601 eggs laid by ostrich were collected from the
different systems of housing as follows; intensive system with wire
fence (179 eggs); intensive system with block fence (63 eggs);
semi-intensive system (304 eggs) and extensive system (55 eggs).
All of these eggs were stored for 7 days and were incubated in a
multi-stage incubator (Nature Form Co., USA) set at 36-36.5°C
and 25-36 % relative humidity. The eggs were weighed before
setting and every 7 days thereafter, up to transfere to the hatcher
at 35-39 d. in order to calculate weight loss (water loss) from
ostrich egds up to 41-42 days (external piping). The eggs were
also candled 7 days after the start of incubation and every 7 days
thereafter In order to asses development of fertile eggs and to
idéntify contaminated eggs, so that they could be removed from
incubator (Deeming, 1995b).

Eggs which failed to hatch were opened to determined
weather the egg''was in fertile and age at which any embryo had
died. Hatchability rate was calculated from all eggs set in the
incubator and from fertile eggs.

Sterile swabs were taken from dead embryos in the un-
hatched eggs and inoculated onto tube containing nutrient broth
for enrichment and incubated at 37°C for 24 hours. The incubated
growth was streaked into following solid media; MacConkey's agar
for coliforms (Cruickshank et al, 1975); Starch-Ampicillin agar
(SAA) for Aeromonas (Palumbo et al., 1985); Baird-Parker (CM
275, oxoid) for Staphylococci (Thatcher & Clark, 1978) and
Enterococcus Selective Differential medium(E.S.D)for Strepfococci
(Efthymiou & Joseph, 1974). Suspected growth was purified and
identified as previously described (Cruickshank et al., 1975; Krieg
& Holt, 1984 and Koneman et al, 1994). For isolation of
Salmonella, Selective-F-browth was used as selective enrichement
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media (Edward & Ewing, 1972}, then streaked onto MacConkey's
agar and Salmonelia-Shidella agar (Koneman et al., 1994).
Serolegical identification of the isolated Salmonellae was done
according to Kauffmann (1978). 5

For fungal examination, sterile cotton swabs were taken from
dead embryos of the un-hatched osirich eggs..dsolation and
identified of fungi were performed as the previously described
methods (Koneman & Sera, 1971 and APHA, 1887). . -

T e
RESULTS AND DISCUSSION

It is evident from Table (1) and Fig. (1) that the oyerall fertility
rate of all ostrich eggs set was 53.91% (324 out of:601). The
highest fertility rate was recorded .in the eggs laid by ostrich under
semi-intensive system of housing (69.08%), followed by intensive
with block fence (57.14%), intensive with wire fence (34.64%) and
lastly from extensive system (20.09%). Nearly - similar previous
finding was recorded (Khafagy & Kamel, 2001), while higher
figures (86.07; 81.8; 78.8; 68.01; 88.0 and 80 0%) were also cited
by Deeming et al., 1993a; Krawmke! 1994;: Deeming, 1995a;
Simon, 1996; Ahmeci & Mokhtar, 1999; and -Nahm, 2001
respectively.

From Table (1), one can easily conclude that fertility rate
varied between ostrich eggs under different methods of breeding.
Moreover, the number of fertile eggs increased significantly under
the semi-intensive system, followed by intensive with block fence
(Fig. 1). This may be attributed to the design of housing which
eliminate the effect of visual stimuli coming from adjacent pen
through block fence. On the other hand decreased fertility rate of
eggs collected from ostrich under extensive system or semi-
intensive with wire mesh fence may bhe due to social stress of
males which may result in the presence of complete mating and in
turn, lowering fertility rate (Mohamed et al., 2003)

It is obvious from Table (1) that 43 out of 324 fertile eggs
(13.27%) failed to hatch and showed embryonic mortality. Most of
these mortalities occurred at the late stage of incubation (day 39)
and were related to percentage of water loss which cause severe
edema and later mass deaths. Broken shell, severe edema,
malposition and microbial contamination were the predominant
causes of chick mortalities (Brown et al., 1995 and Khafagy &
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Kamel, 2001). In addition, mortality of the late stage embryos was
related to the percentage of water loss and mass specific water
vapor conductance of the shell, with exiremes of the ranges of
values causing the highest mortality (Deeming, 1995a).

Hatchability results of ostrich eggs in relation to different
types of housing are presented also in Table (1) and Fig. (1).
Hatchability rates were calculated as a percentage of hatched
eggs from all eggs set and from fertile eggs. Overall hatchability of
all eggs set was 46.76% (281 out of 601). Nearly similar rate
(48.2%) was previously reported (Krawinkel, 1994). In Australian
and England ostrich farms, hatchability of all eggs set was reported
to be less than 50.0% (Philbery et al., 1991 and Deeming, 1996b).
In South Africa, hatching success is very variable between farms
from about 35-90%, but is usually closer to lower figure (Burger &
Bertram, 1981). In USA, Bowsher (1992) reported losses of fertile
eggs set on three of the iargest ostrich farms to amount to 28-50%.
However, higher previous figures (60.0; 67.0; 68.0; 54.0; and
63.3%) were also reported by Deeming et al. (1993a); Simon
(1996); Ahmed & Mokhtar (1999) and Nahm (2001), respectively.
Lower findings (37.2 and 10.0%) were also previously recorded
(Deeming, 1895a and Khafagy & Kamel., 2001). '

It is clear from Table (1) that hatchability rate of the fertile
eggs was 86.73% (281 out of 324). lower previous figures (76.0;
79.2 and 58.2-69.2%) were found by Nahm (2001), Horbanczuk
(1999) and Deemning et al. (1893a).

It could be concluded from the results of hatchability
presented in table (1) and Fig. (2) that the highest hatchability
values calculated from all eggs set was recorded in the eggs
collected from ostriches kept in the semi-intensive system
(58.55%), followed by intensive with block fence (50.79%), then
intensive with wire fence (31.84%) and lastly extensive system
(25.46%).

Regarding hatchability rates of the fertile eggs, there was no
difference in the results obtained from all systems of ostrich
housing except extensive system which showed the lowest
percentage (35.90%) in comparison with the other systems (Fig.
2).

From the hygienic point of view, hatchability of ostrich eggs
was low compared with poultry and resuited in part from high rates
of infertility and embryonic mortality caused by excessive periods
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of “storages (Deeming, 1995a). Moreover, Environmental
conditions and microbial contamination of eggs may influence
ostrich eggs hatchability (Meijerhof, 1992; Mellett, 1993; Deeming,
1989 Philbery et al., 1991; Angel, 1993 and Deeming, 1996a).

Table (2) declares that the overall mean of ali ostrich eggs
weight (gm) was 1395.89+144.31 (range was 1010-1688 gm).
These results were nearly similar to those previously recorded for
ostrich eggs (Deeming et al.,, 1993a; Krawinkel, 1994; Deeming,
1995b; Brown et al., 1996 and Khafagy & Kamel, 2001). There was
no unconditional association between egg fertility and either egg
weight at start of pre-incubation, season of the lay, or the duration
of egg storage prior to incubation. Moreover, egg hatchability was
conditionally associated with egg weight (Simon, 1996). On the
other hand, hatchability decreased markedly when eggs weighed
below 1200 gm (Horbanczuk, 2000). According to previous results,
egg weighing 1300-1700 gm had the best hatchability (Jost, 1893),
while egg size and weight had a significant effect on the hatching
rate (Krawinkel, 1994).

The variation in fresh egg weights in ostriches means that
this effect has to be taken into account when deciding when 1o
finish the hatch because the large still viable eggs may require
slightly longer to incubate than smaller eggs in the same machine
‘(Deeming et al., 1993a).

The average weight loss (water loss) from ostrich eggs
during incubation was 14.19+2.14%. It was varied from 11.48-
15.345% (Table 2). The lowest percentage of water loss (11.48%)
“was recorded in the eggs laid by ostriches under extensive system,
while the highest value (15.34%) was found from eggs collected
from semi-intensive system. In comparison the results of water
"loss from ostrich eggs in relation to different systems of housing,
‘there was a significant decrease in the water loss from eggs laid by
ostriches under extensive system, while other systems of ostrich
'housmg showed no 5|gmf|cance in the percentage of water loss.

The average weight: ioss (14 19%) from astrsch eggs in our
“study was unreasonable ‘considering that eggs may; hatch with
“weight loss of 13.2% (Wilson-et al.; 1997),/11:0 10:12% (Burger &
Betram, 1981) compared with:the. 15%: requ:fed for higher
hatchability. As previously cited, moTtahty gf late; stage embryos
was related to the percentage of water loss (Deeming, 1995a). On
the other hand, relationship between hatchability and water loss
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was curvilinear, fertile eggs were most likely to hatch during
incubation of between 12 and 15% of egg weight at the beginning
of incubation (Simon, 1996). Although a loss of 15% of initial
weight to piping is useful goal, ostriches are like other birds in
showing that variability in the percentage of weight losses at which
they will hatch. These weight losses can bhe attained by keeping
eggs in relative humidity of less than 30-35% (a wet buib
temperature of less than 23.5°C). In the hatcher, higher humidity
was required in order to restrict the weight loss to around 6.0-
10.0% after the shell is broken (Deeming et al., 1993a). In addition,
Deeming(1995,) demonstrated the importance of water loss during
incubation. Hatchability was high (at least 50.0%) when water loss
was between 8.0 and 18.0% or 10.0 and 20.0%, but was low for
eggs with lower (embryonic death caused by hypoxia) or higher
(embryonic mortality caused by dehydration) water losses. These
authors found also that embryonic mortality was still not uniformly
spread across this weight loss range. However, in eggs with a low
weight loss (below 10.0%) producing chick that are oedematous,
sluggish and frequently have unabsorbed yolks (Bowsher, 1992
and Deeming, 1993a).

The incidence of microbial contamination was investigated in
the un-hatched  ostrich eggs in relation to different methods of
housing. Table (3) reveals that microbial spoilage affected 51.16%
(22 out of 43) of the un-hatched ostrich eggs. Both bacterial and
fungal contaminants were observed. Of 43 un-hatched eggs, 12
(27.91) showed bacterial and 10 (23.56%) fungal contaminants.
These results were higher than those previously recorded
(Deeming, 1996a and Khafagy & Kamel, 2001). So, the microbial
contaminants isolated from un-hatched eggs may be considered
as one of the main causes of dead embryos. The present study
confirmed that high percentage of microorganisms isolated from
un-hatched ostrich eggs may play a part in decreasing hatchability
rate. High incidence of microbial contamination in osfrich eggs was
correlated with high percentage of water loss which indicate high
shell porosity (Deeming, 1995a), suggesting that shells with larger
diameter pores or those which normally thin, are more prone to
spoilage. It was interesting that fungal growth and indeed microbial
growth generally, may have occurred post mortem. On the other
hand, bacterial infection may not have been an important cause of
incubation failure (Simon, 1996).
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A variety of bacteria were isolated from those un-hatched
osirich eggs containing dead embryos (Table 4). Bacterial genera
included E. coli (10.26%); Enterobacter cloaceae (5.13%);
Enterobacter aerogens (5.13%); Citrobacter diversus (2.56%);
Citrobacter freundii (2.56%); Klebsiella oxytoca (2.56%); Klebsiella
pneumonae (7.69%), Proteus vulgaris, (7.68%); Proteus mirabilis
(5.13%); Providencia species (2. 56%) Serratia marcescens
(2.56%); Salmonella puliorum (7.69%); Pseudomonas aeruginosa
(5.13%); Aeromonas species (5.13%), Streptococcus intermediate
(2.56%); Streptococcus faecalis (12.82%); Staphylococcus aureus
(5.13%) and Staphylococcus epidermidis (7.69%). Most of these
bacterial species were previously isolated from ostrich eggs,
although percentage of isolates were varied (Brown, 1996;
Deeming, 1996a; Gulahan et al, 1999 and Khafagy & Kamel,
2001). '

From the hygienic aspects, bacterial contamination of ostrich
eggs may be related improper cleaning of eggs from faecal matter
in the farm (Bruce & Drysdale, 1991). »

[t is clear from Table (5) that fungal contaminants isolated
from dead embryos in the un-hatched ostrich ‘eggs were
recognized as Aspergillus fumigatus (20. 0%); Asperigillus flavus
(15.0%); Asperigilius niger (10.0%); Mucor (15.0%); Cladosporium
(5.0%); Scedosporium (10.0%); Penicillium (10.0%); Alfernaria
(5.0%) and Stemphylium (10.0%). Most of these fungal species
were previously isolated from ostrich eggs with different
percentages (Deeming, 1995a; Deeming 1996a; Gulahan et al.,
1999 and Khafagy & Kamel, 2001).

The results reported in our study indicated that fungal
penetration might occur within hatching ostrich eggs either-to Kill
embryo, if present or to contaminate egg white leading to spoilage:
As previously cited, ostrich eggs appear susceptible to penetratlon
by fungal spores (Deeming, 1995a), and this may reflect the lack of
shell cuticle. As previously mentioned, the hyphae of mould.may
weaken yolk membrane, enough to cause its rupture, after.which
the growth of moulds stimulated by the food released from the yolk
and deteriorate the eggs (Aman et al., 1991).

On conclusion, high rater of infertility, very long storage
period without appropriate conditions and spoilage of osirich..eggs
may contribute to lower hatchability rate. Other factors may be:also
contributed in lower hatchability-rate including systems: ofostrich
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housing, excessive water losses of the ostrich eggs during
incubation period, increase percentage of dead embryos. Microbial
contamination of ostrich eggs is a significant problem in lowering
hatchability rate of ostrich eggs under different methods of housing
especially extensive system. The higher incidence of microbial
contamination of eggs laid by ostriches under different methods of
breeding may be attributed to poor nest hygiene in the farming
environment. To prevent microbial contamination of ostrich eggs
and in turn increasing fertility and hatchability rates, the high
standards of nest hygiene should be maintained and more
attention is needed in both breeder bird and nest management. In
addition, periodic egg weighing must be given some attention to
avoid excessive or decreasing percentage of water losses from
ostrich eggs during incubation.
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Table (1): Fertility and hatchability of ostrich egps under different methods of breeding.

No. Infertility Fertility Dead* Hatchability
System of of | embryos
Housing Epgs | No. e Ne. Vo MNo. Yo No. | HI% | Hll %

Intensive with 179 | 117 § 65.36 62 34.64 5 8.07 51 31.84 91.94

wire fence

Intensive with 63 27 42 86 36 57.14 4 11.11 32 50.79 28.89
block fence

Semi-intensive | 304 | 94 4 3092 | 210 | 6908 ; 32 | 1524 | 178 | 58.55 | 84.76
Extensive 55 39 | 7091 16 | 29.09 2 12.5 14 ] 2546 | 3590
TOTAL 601 | 277 | 4609 | 324 | 5391 | 43 | 1327 | 281 | 4676 | 86.73

H.I=Hatchability rate of nil eggs set.

H.IL=Hatchability of fertile eggs.

*=Dead embryo rates = percentage of the un-hatched fertile eggs.

Table (2): The mean and standard error (SE} for the initial weight and percentage of water loss
from ostrich eggs in relation to different systems of housing,

Initial weight (gm) Water loss (%)

System of Housing No.of | Mean+SE Range Mean+ SE Range

£ges
Infensive with wire 1419541674 1195-1688 14 86:+1.98 14.36-15.12
fence 179
Intensive with block 1405.84143.6 | 1086-1675 14,5842 10 14.12-15.08
fence 63 .
Semi-intensive 304 | 13989+138.% 1115-1680 14.32+2 (7 13.85-1534
Extensive 55 1359 741283 1010-1674 12984311 11.48-13.82
TOTAL 601 139641443 1010-1688 14.1942.14 11.48-1534

Table {3): Incidence of bacterial & fungal contaminants of un-hatched ostrich
eggs in relation (o various housing systems,

No. Bacleria Fungi |  TOTAL

System of Housing No. | % No. % No, %
intensive with wire fence 5 2 | 400 ! 20.0 3 60.0
Intensive with black fence 4 2 | 500 1 25.0 3 75.0
Semi-intensive 32 3 25.0 7 2188 15 | 46.88
Extensive 2 0 0.0 1 50.0 { 50.0
TOTAL 43 12 127911 10 12356 | 22 | 5i.16
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Table (4): Frequency distribution of the isolated bacterial
species from dead embryos,

Bacterial species No. Yo
E.coli 4 10.26
Tanterobacter cloaceae 2 5.13
Enterobacter acrogens 2 313
Citrobacter diversus 1 2.56
Citrobacter freundii 1 2.36
Klebsiefla oxytoca i 2.56
Klebsiella pnemonae 3 7.69°
Protens vulgaris 3 169
Protens mirabilis 2 513
Providencia species 1 2.56
Serratia marcescens ! 2.56
Salmonella pullorum 3 7.69
Psetdomonas aeruginosa 2 5.13
Aeromonas species 2 513
Stereptococcus intermediale I 2.56
Strepfacoccus faecalis 5 12.82
Staphylococcus aurens 2 513
Staphyviococeus epiderntidis 3 1.69

TOTAL 39 100.0

Table (5): Incidence of the isolated fungal species from

dead embryos.

Fungal species No. %
Aspergellus fumigatus 4 200
Aspergeltus flavus 3 15.0
Aspergellus niger 2 10.0
Mucor 3 15.0
Cladosporium 1 5.0
Scedosporium 2 10.0
Peniccilium 2 10.0
Alternaria 1 5.0
Stemphylium 2 10.0

TOTAL 20 100.0
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Fig. {1): Fevtitity rate of nstrich coes under different housind systems.
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Fig, (2): Hatchability of ostrich eggs in relation to various methods of breeding,
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Fig. (3): Microbial contaminants of the dead embryos.
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