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SUMMARY

Complete data of 451 ostrich eggs from commer-
cial incubators and hatcheries in Egypt were col-
lected. Hatchability rate was only 45 (10%). Fer-
tile and infertile eggs were 266 and 185 ( 59%
and 41%) respectively. Fertility varied between
eggs collected ‘from different farms. Embryonic
mortalities were higher at the start and end of in-
cubation period (42 days). Most of these mortali-
ties took place at the late stage of incubation (10-
14 days) and were found related to percentages of
water loss which cause severe oedema and later
mass deaths. In fertile eggs (266); broken egg
shell, malposition, severe oedema and microbial
contamination were the predominant causes of
chick mortalities reported with 19, 72, 52 and 78
(7.1%, 27%, 19.5% and 29.3%)

Malpositioning was related to incorrect egg set-

respectively.

ting or inadequate turning and oedema was found

to be correlated with egg size and the amount of
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water lost from incubated eggs

Of 266 fertile eggs, 73 showed bacterial (27.4%)
and 5 fungal contaminations (1.9%). Salmonella
enteritidis, S. typhimurium, S. typhi and S. para-
typhi, E. coli, Staphylococcus aureus and Pseudo-
monas aeruginosa were the main bacteria isolated
from contaminated and poorly handled ostrich
eggs; whereas, Aspergillus fumigatus and Mucor
species were the main fungal (1.9%) species iso-
lated.

In conclusion, application of hygienic measure-
ments, adequate egg turning, sufficient incubator
humidity, periodic weighing of eggs for water
loss in the incubators and hatcheries and proper
egg handling are recommended in ostrich farms to
reduce bacterial contamination and obtain signifi-

cant and successful hatching results.




INTRODUCTION

Artificial incubation of ostrich eggs is poorly un-
derstood when compared with poultry (Burger
and Bertram, 1981; Mellett, 1993 and Deeming et
al,, 1993a). Problems regularly encountered in-
clude achieving the correct weight loss from os-
trich eggs during incubation (Ley et al., 1986;
Button, 1993; Deeming et al, 1993a; and Deem-
ing, 1993) and poor understanding of the pattern
of embryonic development especially during
hatching (Deeming, 1993). Proper artificial incu-
bation of ostrich eggs is considered as an essential
aspect of any commercial operations. Limited
success in hatchability (only 50%) was reported
in South Africa (Burger and Bertram, 1981) and
variable results from eggs imported into the UK
from Namibia and Zimbabwe (Deeming et al.,
1993a, Deeming and Ayres, 1995; and Deeming,
1995). A poor knowledge of the pattern of em-
bryonic development, especially during hatching,
is thought to contribute in part to such poor re-
sults (Deeming, 1993), although other factors
such as. infertility and egg contamination are sig-
nificant problems (Deeming, 1995). Egg contami-
nation due to bacterial diseases or other infectious
agents are a major health concern of ostrich pro-
duction. There are few studies reporting dead- in
shell embryos, and any observations of ostrich
eggs during candling other than an increase in
dark shadows (Hallam, 1992, and Deeming et al.,
1993a). More detailed observations are needed to

achieve a better hatching process and to clarify
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the various disease problems that could be en-
countered in dead- in shell embryos. The aim of
the present study was to investigate the cause of
embryonic mortalities in ostrich eggs due to poor
handling and contamination and to determine the
causative microbial agents encountered in dead-

in shell embryos.
MATERIAL AND METHODS

1. Ostrich Eggs:

451 ostrich eggs from commercial incubators and
hatcheries in Egypt were collected. The eggs were
incubated in a 100 egg capacity, manually con-
trolled incubator at 36°C, and 37% relative hu-
midity ( RH; 25°C wet bulb temperature) for 39
days. Eggs were automatically turned every 6
hours and broken egg shells were observed. After
39 days; the eggs were transferred to a hatchery
set at the same temperature and RH as the incuba-
tor. Eggs were candled 7 days after the start of in-
cubation and every 7 days thereafter to determine
the position of the chick relative to the air cell and
whether the air cell was piped. During candling ;
smelled rotten, broken eggs and dead embryos in
the incubator were removed to prevent contami-
nation of other eggs. Any infertile eggs, as deter-
mined by candling, were removed from the incu-
bator on 7-10 days of incubation, opened and
examined to confirm lack of embryonic develop-
ment. Egg weight was determined in order to
compare actual weight with those with 15%

weight loss. The remaining fertile eggs were ex-
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amined for embryonic development to hatching
stage. Un-hatchery eggs were collected and brok-
en for examination for any obvious deformities

and oedema.

2. Shell thickness of eggs

Shell thickness of eggs was measured to 0.01 mm,
with a micrometer both at the air cell pole of the
egg and at the equator. The two measurements
were averaged to obtain shell thickness. Sterile
swabs of the yolk sac contents, shell membranes,
and egg albumin were collected for bacteriologi-

cal examination.

3. Microbial Examinations

4-10 sterile swabs were collected from dead em-
bryos and inoculated into Tetrathionate broth for
enrichment before seeding onto solid media (Re-
issbrodt et al., 1996). Solid media used were Mac-
Conkey's agar (Cruickshank et al., 1975) and Sal-
monella -Shigella agar (Koneman et al., 1992).
The isolated salmonellae were subjected to sero-
logical test (slide agglutination test) for identifica-
tion also phagetyping. Hemolytic Escherichia coli
was isolated using blood agar (detection of he-
molysis), MacConkey's agar and identified by bi-
ochemical reactions (MacFaddin, 1979) and sero-
logical identification using slide agglutination
test. Also Staphylococcus and Streptococcus spe-
cies were isolated using Manitol salt 2.5%, NACL
broth. and identified by phage typing ) obtained
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from American type culture collection (ATCC),
12301 Parkloam DR, Rochville, MD 20852 USA.
The basic technique of phage typing was de-
scribed by (Cruichshank et al., 1975). Strains
showing lysis (ranging from more than 50 plaques
to confluent lysis) were recorded. For fungal ex-
amination, samples collected from dead embryos
and were cultured on Sabouraud's dextrose agar
(Difco-Detroit, MI, USA) and incubated at 41°C
and identified microscopically according to the

methods of Raper and Fennell (1977)..
RESULTS

1. Infertili nd H

Of 451 ostrich eggs (Fig.1) introduced into com-

ability i ich

mercial incubator and hatchery near Giza, Egypt,
hatchability rate was found to be (10%). Fertile

and infertile eggs were 266 and 185 ( 59% and
41%) respectively.

Embryonic mortalities were high at the start and
end of incubation period (42 days). Most of these
mortalities took place at the late stage of incuba-
tion (10-14 days) and were related to percentages
of water loss which caused severe oedema and
later mass deaths. In fertile eggs (266); broken
egg shell, malposition, severe oedema and micro-
bial contamination were the predominant symp-
toms reported with (7,1%, 27%, 19.5% and
29.3%) respectively.
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rich weight and shell thickness:
Egg weight averaged 1260160 gm ( range
840-1712 gm) and estimated initial mass 1433 +
1689 (range = 1035-2044 gm). Mean shell thich-

ness was 1.88 £0.16 mm and ranged from 1.36 to

2.17 mm, lighter eggs having thinner shells (r=
0.445, P< 0.001).

3. Dead-in shell

The incidence and main cause of dead-in shell
eggs varied from malpositioning , severe general-
ized oedema and microbial contamination were
the predominant findings reported with rate of (
27%, 19.5% and 29.3%) respectively.

Embryos with malposition problem (27%) were
noted in the present study in dead-in shell ostrich

embryos.

b. Oedema

Sever generalized oedematous embryos which
stuck tightly to the eggs in the form of clear, ge-
latinous subcutaneous fluid especially in the legs,
thigh and abdomen of chicks were observed in 52

out of 266 eggs examined (19.5%) (Fig.2),

Of 266 fertile eggs, 73 showed bacterial (27.4%)

Table. i. The main bacterial and fungal pathogens isolated from dead-in shell ostrich embryos.
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Bacterial isolates Phage typing No. %
Bacterial 73/266* (27.4%)
Salmonella enteritidis Phage type 4 7 9.6%
Salmonella typhimurium Phage type 141 5 6.8%
Salmonella typhi - 2 2.7%
Salmonella paratyphi B - *3 4.1%
E. coli 078 2 2.7%
E. coli 01 5 6.8%
E. coli 0128 2 2.7%
E. coli 0166 6 8.2%
Pseudomonas aeruginosa 0:9, 0:6, 0:3 3 4.1%
Stapylococcus aureus 29 5 6.8%
“ 52 A susceptible to lysis 4 5.4%
* 3JA 5 6.8%
“ 6 Not susceptible to lysis 5 6.8%
“ 53 5 6.8%
« 75 4 5.4%
“ 84 Not susceptiblc to lysis 3 3.8%
“ 42D 7 9.6%
Fungal 5/266* 1.9%
Aspergillus fumigatus - 3 60%
Mucor sp. - 2 40%*

* No of isolates/ total No of examined eggs
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and 5 fungal contaminations (5/1.9%). Bacierial
isolates were mainly Salmonella species, E. coh,
Staphylococcus aureus and Pseudomonas aciugi-
nosa. No gross lesions of internal organs werc
noted but severe oedematous embryos showed ev-
idence of internal haemorrhage but the yolk was

completely absorbed (Fig. 3). Salmonella species

(enteritidis and typhimurium) were the predomi-
nant bacterial pathogens besides E coli, Staphylo-
coccus aureus and Pseudomonas aeruginosa, iso-
lated in dead embryos and contaminated eggs.
Aspergillus fumigatus and Mucor species were

the main fungal species isolated.

Fig. 2. Ostrich cgg showing newly hatched odematous embryo from incubator.
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Fig.3. Ostrich egg showing severely odematous embryo in the thigh, legs and
abdomen with unabsorbed yolk sac.

DISSCUSSION

Regular egg monitoring by candling is very im-
portant in ostrich production to provide early di-
agnosis of the development of microbial growth
and ensured that contaminated eggs could be re-
moved from the incubator before they contami-
nated other eggs, assessment of egg development

and hatching process (Deeming, 1995).

Deeming (1993) mentioned that there are factors
have significantly affect rate of egg hatchability
during incubation and include temperature, hu-

midity, respiratory gas exchange and egg turning.
The decreased hatchability rate (10%) observed

in the present study was low and in accordance to

that previously reported by Deeming (1995) who
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reported on 37.2 % hatchability from nine farms
supplying eggs. Infertility (41%) mentioned in the
present study was relatively higher than that re-
ported by Mellett (1993) which revealed 30% and
Deeming (1995) that reached 22.2%.

Embryonic mortalities were high at the start and
end of incubation period (42 days). Most of this
mortalities took place at the late stage of incuba-
tion (10-14 days) and were related to percentages
of water loss which cause severe oedema and later
mass deaths. In fertile eggs (266); broken egg
shell, malposition, severe oedema and microbial
contamination were the predominant lesions re-
ported with 7,1%, 27%, 19.5% and 29.3%, re-

spectively.

Ar and Rahn (1980) reported that 15% of the ini-
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tial eggs was the average value for water loss for
most bird eggs. The ostrich egg lies on the lower
side of this average with mean weight loss of 13-
14% being recorded (Burger and Bertram, 1981;
Jarvis et al., 1985; and Swart et al., 1987).

The resulted egg weight (13%) with average
weight loss was(1433 g) and similar to those pre-
vidusly measured for ostriches (1300-1500 g) by
Leuthold, 1977; Keffen and Jarvis, 1985; Swart
et al, 1987; Betram, 1992; Deeming 1993 and
Brown et al, 1996). Shell thickness ( 1.36-2.17
mm) was similar to that previously reported by
Keffen and Jarvis (1985) (1.79-1.83 mm) and
Bowsher (1992) (1.48-2.77 mm) for eggs incubat-
ed in the USA. Egg weight averaged 1260 £160
gm ( range = 840-1712 gm) and estimated initial
mass 1433 £ 1689 (range = 1035-2044 gm).

Malposition was the predominant lesion (27%) in
dead -in shell ostrich embryos in the present
study. This was similar to that reported by Phil-
bey et al, (1991), who mentioned that mal-
positioning of embryos results in failure to hatch
due to setting eggs upside down (air cell to the
bottom) or horizontally. Other factors such as the
inadequate turning of the eggs, insufficient water
loss and possibly genetic factors (Tullet and
Deeming, 1987; Wilson 1991a; and Jensen et al.,
1992), as well as deficiency or excess of vitamin

A in parent bird diets has been reported by (An-
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gel, 1993). Brown ct al (1996) mentioned that
horizontal incubation for 2-3 weeks followed by
vertical incubation has been shown to impr&ye
hatchability in comparison to eggs incubated éi-
ther horizontally or vertically for the full incuba-

tion period.

Water loss from naturally incubated ostrich eggs
was measured at 8.8-19.7% (Jarvis ct al., 1985),
13.2% (Swart et al., 1987), and 15.6% (Burger
and Bertram, (1981). Bowsher (1992) and Dg:q{n-
ing (1993) reported that water loss below (INO‘%)
producing chicks that are oedematous, slugé@h

and frequently have unabsorbed yolks.

In the present study, oedema (19.5%) was ob-
served as the cause of embryonic mortlaities dgr;
ing incubation procedures. Oedema in artificiflliy
incubated ostrich embryos is a common prolﬂérﬁ
and has been reported by several authors (Phlbey
et al., 1991, Button, 1993; Terzicht and Vanhoég;
er, 1993). Angel (1993) described that pantothen-
ic acid deficiency in addition to insufficient wa;ter
loss from the egg during incubation were cons{d-
ered as a cause of oedema. Rahn and Ar (1974)
mentioned that during incubation, water is .I:’()lstﬂ
from eggs across pores in the eggshell and most
bird eggs need to lose about 15% of their initﬂilal.
mass before piping takes place. Insufficient water
loss results in poorly developed air cells, poor gas

exchange and wet or water-logged oedematous
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embryos, many of which die at or near time of
hatch or soon after (Bowsher, 1992; Deeming et
al.,, 1993 and Brown et al., 1996). Tullet and
Deeming, 1982; Davis et al., 1988) mentioned
that the proximal cause of death in oedematous
embryos was hypoxia as a result of impaired oxy-
gen diffusion across moist shell membranes. Suc-
cessful hatching under artificial conditions re-
vealed losses of 15.5% (Jarvis et al., 1985); 10-
13% (Deeming et al., 1993) and 12% (Boshwer,
1992).

In the present investigation, bacterial contamina-
tion in fertile eggs reached (29.3%) and consid-
ered as one of the main causes of dead-in shell.
The obtained findings showed that three sero-
groups of salmonellae were isolated from dead
embryos that typed as S. enteritidis, S. typhimuri-
um, and S. paratyphi. Similar were reported by
Poppe et al (1991) and Orhan and Guler (1993).
These organisms have been cultured from both
the shell and interior of hatching eggs of domestic
poultry and waterfowl (Board, 1969; Serviour et
al., 1972; Bruce and Johnson, 1978, Mayes and
Takeballi, 1983 and Burley and Vadhera, 1989).
Bacterial contamination of ostrich eggs may be
related to improper cleaning of eggs from faecal
matters in the farms. This results is similar to that
reported by Bruce and Drysdale (1991) who men-
tioned that the incidence of bacterial contamina-
tion is much greater when the egg is laid into an

environment contaminated by feacal matters.

408

Salmonella species (enteritidis and typhimurium),
E. coli, and Staphylococcus aureus were the main
bacterial pathogens isolated in the present study
in dead embryos (Table. 1). S. enteritidis phage
type 4 was of high incidence (19.2%) and coin-
cide with that reproted by (Barnhart et al, 1991
and Bernado and Machado (1990), relatively to
other Salmonella species; S. typhimurium phage
type 141 (6.4%), S. typhi (2.6%) and S. paratyphi
(3.8%) are similar to that reported by (Poppe et al,
1991; and Orhan and Guler, 1993) and considered
of zoonotic and of public health significance.
Concerning the serological identification of the
isolated E. coli, the obtained data showed that E.
coli serovars were belonging to 078 (2.6%), 01
(6.4%), 0128 (2.6%) and 0166 (7.7%) respective-
ly. The incidence of Staphylococcus aureus with
different serological identification were belonging
to phage types 84 (3.8%), S2A and 75 (5.1%), 29
and 3A (6.4%), 53 and 42D (8.9%) and 6 (10.2%)
respectively. Some phages particularly 42D, 75

and 52A were appropriate than others since they

lysed 34%, 23.3% and 22.3% of the isolates re-
spectively. Susceptability to other phage (6& 84)
was of lower orders (less than 2%). Pseudomonas
aeruginosa (3.8%) isolated in the present study
with serovar (0:9; 0: 6 and 0:3) was in accordance
to that mentioned by Deeming (1995) and Brown
et al, (1996). Aspergillus fumigatus and Mucor
species were the main fungal species (1.9%) iso-

lated in the present study. These findings are dif-
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ferent fro‘m that reported by Deeming (1995,
1996); who mentioned that fungal contamination
in ostrich eggs was relatively common at 49.3%
of all contaminated eggs examined. However they
accorded with that reported by Gulahan et al.
(1999) who stated that the incidence of microbial
spoilage :was mainly due to bacterial contamina-
tion ( including Aeromonas, E. coli, and Pseudo-
monas)' and low fungal incidence (0.1-2.9%) (in-

cluding Apsergillus and Mucor sp.)

In conclusion; ostrich eggs handling and collec-
tion should be carried out under hygienic meas-
urements to avoid egg contamination, periodic
egg weighting to avoid excessive water loss, egg
broken should be discarded to reduce microbial
penetration of the eggs and minimize losses in ha-
tachability‘and significant commercial produc-

tion.
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