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Abstract

Contamination of hatching eggs with pathogenic microorganisms decrease hatchability and may cause a financial loss in industrial bird production.
The aim of this study was to evaluate the microbiological status of a commercial ostrich farm and its relationship to the hatchery management.
Microbial sampling was done from the organs of two dead embryos, cloacae of seven newly hatched chicks and one mature female ostrich, the
content of five infertile eggs, the incubation room and incubator machines, the ingredients of diet, and the shell surface of 62 eggs which were laid
during a reproductive season. Various selective and differential media included MacConkey agar, blood agar, Sabouraud’s dextrose agar, nutrient
agar, and PPLO agar, etc. were used for isolation and identification of the microorganisms. Different types of fungi and bacterial contamination
were found on the shell surface of the eggs, which Gram-positive bacilli were isolated in 74% of these eggs (46/62). From the organs of two dead
embryos Gram-positive bacilli, Gram-positive cocci, Staphylococcus epidermidis, Rhodotorula spp., Helminthosporium spp., and Aspergillus nidulans
were isolated. Most of the ingredients of the diet contained Mucor spp. and a wide range of bacterial species. Finally, the effect of applying the
formaldehyde gas was evaluated by McNemar’s test, that results showed this method was very useful for reduction of microbial load of the egg-
shell in a high rate contamination. Comparison of microbial communities isolated from dead embryos and the egg-shells’ surface showed that
microorganisms in different parts of the farm could lead to contamination of the eggs which penetrated into the eggs. So implementing sanitation

and disinfection of hatching eggs for improvement of hatchability rate is recommended.
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Introduction

Two essential factors that demonstrate the main components of
reproductive performance are fertility and hatchability [1]. Heritability
of fertility and hatchability in chickens is estimated between 0.06-
0.13, so, it can be concluded that the non-genetic factors have more
influence on these traits [2]. The factors that influence hatchability
can be quoted as the condition of the flock (age, health, nutrition, and
strain), and egg conditions such as quality, sanitation, season, size,
storage duration, and weight [3,4].

Attention to ostrich breeding has been increased due to the
importance of ostrich products, such as meat, feathers, leather, and
eggs [5]. Getting adequate profits from the breeder farms requires
production high percentage of hatching egg. In the ostrich, the
hatchability percentage by using the artificial incubation method is
significantly lower compared with the poultry industry and reaches a
maximum of about 60% on average [6]. It has been reported that the
low level of hatchability of ostrich eggs in the artificial insemination
is related to the presence of microbial contamination of the eggs

[7]. Deeming DC, by studying on 320 ostrich eggs from nine farms
reported the average microbial contamination of 22.8% of the
examined eggs [8].

Meanwhile, contamination in eggs of poultry species has been
reported to be 13% on average [9]. High microbial contamination in
ostrich eggs with a high percentage of weight loss during incubation
indicates presence of so many pores in the ostrich egg-shells [8].
After eggs laid, the egg shell surface become contaminated with the
microorganisms. If the environmental conditions are suitable, they
can replicate rapidly and penetrate into the egg through the shell
pores. Eventually, contamination of the egg can lead to the death of
the embryo [10]. Some fungi and bacteria like pseudomonads can
break down the cuticle layer. Destruction of cuticle, may cause more
microorganisms enter into the egg and more moisture remove from
the eggs [10,11].

It has been reported by using germ-free eggs, the number of
hatching eggs can be increased [12]. Therefore, for identifying sources
of contamination of ostrich eggs, we tried to isolate and identify the
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microbial agents in different parts of a commercial ostrich farm,
and hatchery that could contaminate ostrich eggs before a flawless
incubation.

Materials and Methods
Specifications of the farm

Sampling operation to investigate microbial contamination was
performed in Mohases® ostrich farm in Alborz Province-Iran. The
farm was located in a relatively warm and dry area, and the total
number of birds was around 100 Black-Necked ostriches (Struthio
camelus australis). In the northern hemisphere breeding season of the
ostriches starts during March and ends around August/September
[13], therefore, some of the produced eggs in this period were studied
for microbial contamination randomly.

In this farm, the average egg production of each laying bird per
month was around nine fertilized eggs. The eggs were cleaned with
a brush before being placed into the incubator machine. The farm
manager believed that “it was not necessary to disinfect the eggs
because the eggs were laid in the sandy nests and the ostrich is a
disease-resistant bird” The farm had two setters and one hatcher
machines. The hatcher and setters were cleaned and disinfected before
the beginning of the breeding season. During the incubation period,
an antiseptic pond was being placed in front of the entrance of the
incubation room.

Egg-shell sampling

To investigate the microbial contamination of ostrich eggs, 62
eggs were sampled in the sterile plastic bags with no direct contact
with hands. Isolation and identification of the germs were performed
with the procedure described by Deeming DC [8]. The surface of
ostrich eggs was swabbed and cultured on MacConkey agar, blood
agar, Sabouraud’s dextrose agar, nutrient agar and PPLO agar. Then
ten eggs were fumigated with formaldehyde gas for 20 minutes in a
closed container and isolation and identification of the microbes were
repeated again.

Environmental sampling (Incubation room: Air and Sur-
face)

Several Petri dishes containing MacConkey agar, blood agar,
Sabouraud’s dextrose agar, and nutrient agar were placed in the
incubation room, setter and hatcher for 15 minutes. Then, they were
sealed and transferred to the lab for microbial culture. Also, the air
inlet and air outlet ducts were sampled by swab and were carried over
to the lab [14].

Dead embryos and infertile eggs sampling

On day 38 of incubation, when the eggs were transferred to the
hatcher, the eggs were candled, and five infertile eggs and two eggs
with dead embryos were selected and transmitted to the laboratory in
sterile bags and were pierced with a drill. After mixing their contents,
sampling was done and cultured on MacConkey agar, blood agar,
Sabouraud’s dextrose agar, nutrient agar, and PPLO agar. The microbial
contaminations were detected in two dead embryos. The samples were
taken from lung, liver, intestine, eyes, yolk sac, and heart in aseptic
condition. Finally, the specimens were cultured on MacConkey agar,
blood agar, Sabouraud’s dextrose agar, nutrient agar, and Salmonella-
Shigella agar [15,16].

Sampling of the cloaca

Cloacae of seven newly hatched chicks and one mature female

ostrich were sampled with a wet swab randomly, and specimens
were cultured in selenite broth and after 24 hours were cultured on
MacConkey agar and Salmonella-Shigella agar [17].

Sampling of feed

To evaluate the microbial contamination of the feed, the feed
ingredients, including soybean meal, alfalfa, wheat bran, bone meal,
corn, barley, and mixed diet were sampled. Samples were put in
sterilized polythene packets and then transferred to the laboratory.
Twenty-five g of each sample was added to 225 mL of lactose broth
(to make a 1:10 dilution). Then 1:100, 1:1000, and 1:10000 dilutions
were prepared by adding saline. 0.5 mL of all dilutions were cultured
on nutrient agar media. Also, 0.5 mL dilutions of 0.1 and 0.01 were
cultured on MacConkey agar and Sabouraud’s dextrose agar [18].

Table 1: Isolated bacteria and fungi from 62 contaminated ostrich
eggshells.

Microorganism Number of Isolation from the Ostrich
Eggs (% of whole)

Bacteria
Actinomycete 1(1.6%)
Escherichia coli 1(1.6%)
Gram-negative coccobacillus 1(1.6%)
Gram-positive bacilli 46 (74.0%)
Klebsiella spp. 3 (4.8%)
Micrococcus spp. 2 (3.2%)
Staphylococcus epidermidis 1(1.6%)
Fungi
Allscheria sp. 1(1.6%)
Alternaria spp. 6 (9.6%)
Aspergillus flavus 3(4.8%)
Aspergillus nidulans 3 (4.8%)
Curvularia spp. 1(1.6%)
Helminthosporium spp. 6 (9.6%)
Mucor spp. 17 (27.4%)
Penicillium spp. 4 (6.4%)
Pullularia spp. 2(3.2%)
Rhodotorula spp. 2 (3.2%)
Scopulariopsis spp. 2 (3.2%)
Yeast 17 (27.4%)

Table 2: Isolated bacteria from the cloaca of seven newly hatched chicks
and a mature female ostrich*.

Individual MacConkey Agar Salmonella-Shigella
Agar
1. Chick Neg. Neg.
2. Chick Neg. Neg.
3. Chick E. coli E. coli
4. Chick E. coli E. coli
5. Chick E. coli Klebsiella oxytoca
6. Chick Neg. Neg.
7. Chick Neg. Neg.
*8. Mature Female Ostrich E. coli Enterobacter
agglomerans

Neg: Negative
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Sampling of water

Sampling was done to investigate the microbial contamination of the
farm water. One sample was transferred to the laboratory to measure
pH and water hardness. To identify the microbial contamination of
farm water, MacConkey agar, blood agar, Sabouraud’s dextrose agar,
and nutrient agar culture media were used [19].

Microbial cultures

After sampling, they were transferred to the Laboratory of
Department of Microbiology, Razi Vaccine and Serum Production
Research Institute (Karaj-Iran) and microbial cultures were used to
determine the type of organisms. The aerobic culture in an atmosphere
of 5% carbon dioxide at 37°C overnight; and anaerobic culture
incubated in a Microflow Anaerobic System cabinet providing an
atmosphere of 10% carbon dioxide, 10% hydrogen and 80% nitrogen
at 37°C for 48 h.

Nutrient agar is a culture medium which is used for the cultivation
of microbes supporting the growth of a wide range of non-fastidious
organisms that can grow variety types of bacteria and fungi. It
contains many nutrients needed for bacterial growth. Blood agar is
used to culture those bacteria or microbes that do not grow quickly,
such as Streptococcus pneumonia and Neisseria species. It detects
and differentiates hemolytic bacteria, especially Streptococcus
species, and is a differential media for the detection of hemolysis by
cytolytic toxins secreted by some bacteria, such as certain strains of
Bacillus, Streptococcus, Enterococcus, Staphylococcus, and Aerococcus.
Sabouraud’s dextrose agar is appropriate for cultivating dermatophytes
and other types of fungi and filamentous bacteria, such as Nocardia.
MacConkey agar is a selective and differential culture medium for
bacteria designed to selectively isolate Gram-negative and bacilli and
differentiate them based on lactose fermentation. PPLO agar contains
beef heart infusion and peptone to supply nutrients required for the
growth of pleomorphic, filterable, fastidious microorganisms which
also lack a rigid cell wall such as mycoplasmas. Salmonella-Shigella
agar is a selective and differential medium for the isolation, cultivation
and differentiation of Salmonella spp. and some strains of Shigella
spp. The survey of the colonies was performed using bacteriological
method [20,21].

Statistical method

The McNemar’s test was used to investigate the effect of disinfection
on reducing microbial contamination of ostrich eggs. The result was
compared with the values of the Chi-squared table and P<0.05 was
considered to be significant [22].

Results

None of the tested ostrich eggs or egg-shells were microbe-free. They
showed a wide range of microbial contaminations (Table 1). Forty-six
eggs were contaminated with Gram-positive bacilli. There were few
cases of contamination with some other bacteria, such as: Klebsiella
spp. in 3 eggs; Micrococcus spp. in 2 eggs; E. coli, Staphylococcus
epidermidis, Gram-negative coccobacillus, and Actinomycete each in
an egg. The recognized fungi were as follows: Mucor spp. and yeast
each in 17 eggs; Alternaria spp. and Helminthosporium spp. each in
6 eggs; Penicillium spp. in 4 eggs; Aspergillus flavus and Aspergillus
nidulans each in 3 eggs; Rhodotorula spp., Pullularia spp. and
Scopulariopsis spp. each in 2 eggs; and Allscheria and Curvularia
spp. each in an egg.

Sampling of the cloaca showed that none of the birds was infected
with Salmonella, and most of the contamination was due to Escherichia

coli. One case of Klebsiella oxytoca contamination was detected in one
of the chicks. Swap cloaca from a mature female ostrich that indicated
by number 8, presented Enterobacter agglomerans and E. coli (Table 2).

In the content of five infertile ostrich eggs, fungi were detected (i.e.
Mucor spp. and Helminthosporium spp.), but not any bacteria (Table 3).

Gram-positive bacilli, Rhodotorula spp., Staphylococcus epidermidis
and Gram-positive cocci in the lungs; Helminthosporium spp. and
Gram-positive bacilli in the liver; Gram-positive bacilli, Gram-positive
cocci, and Aspergillus nidulans in the large intestine; Gram-positive
bacilli in eyes; and not any infection in the yolk sac and heart of dead
embryos were detected (Table 4).

Gram-positive bacilli, Alternaria spp. and Mucor spp. from setter
machines; Gram-positive bacilli and Helminthosporium spp. from
hatcher machine; Gram-positive bacilli, Mucor spp., Helminthosporium
spp. and Aspergillus nidulans from setter room; Gram-positive bacilli,
Mucor spp. and Alternaria spp. from hatcher room; Gram-positive
bacilli, Mucor spp. and Helminthosporium spp. from air inlet duct; and
Gram-positive bacilli, Alternaria spp. and Penicillium spp. from air
outlet duct were isolated (Table 5).

Bacillus spp., Klebsiella spp., E. coli, and Mucor spp. from alfalfa
were isolated. Gram-positive bacilli and yeast in soybean meal; Gram-
negative Coccobacillius and Mucor spp. in wheat bran; Gram-positive
bacilli, Mucor spp., Helminthosporium spp., Aspergillus nidulans,
and Scopulariopsis spp. in bone meal; Mucor spp. and Gram-positive
bacilli in corn; Mucor spp., Rhodotorula spp., and Gram-negative
Coccobacillius in barley; and Mucor spp., Bacillus spp., and Klebsiella
spp. in mixed diet were found (Table 6).

Drinking water of the farm was free of microbial contamination.
The degree of water hardness, alkalinity, and pH was 217 ppm, 113
ppm, and 8, respectively.

Disinfection with formaldehyde gas showed a significant impact
on the reduction of the bacterial and fungal load in nutrient agar and
Sabouraud’s agar (P<0.05). These results indicate that disinfection with
formaldehyde gas is useful when the rate of microbial contamination
is high (Table 7).

Discussion and Conclusion

Microbial contamination can transmit vertically or horizontally
from breeders to eggs. In the vertical route, bacteria may be colonized
in ovaries or oviducts and the eggs become infected. Although in our
study, the type of isolated microbes in the mature female’s cloaca and
content of infertile eggs was not similar, but, the risk of transmission of
microbial contamination from the reproductive system of female birds
to eggs is very high. For example, egg-shells can be contaminated with
Salmonella trough the oviduct or faecal carriage [23]. In the horizontal
rout, the microbes can contaminate the egg-shell through the
environment, such as faecal material or dust and infect the membranes
and yolk [9]. Due to the formation of spores and drought resistance,
Gram-positive rods can dominate the egg-shell microflora. It has been
reported that some opportunistic germs, such as some fungi, Gram-
positive cocci, Gram-negative enteric, and Gram-negative fermenters
can infect egg contents [24,25]. If the environmental conditions are
suitable for microbial growth, microbes can multiply rapidly in freshly
laid eggs and penetrate the egg-shell through the pores. Eventually, this
situation can lead to embryos’ death and a reduction in the hatching
rate [10].

In a scientific report study, Bacillus spp., Staphylococcus spp.,
Klebsiella spp., Escherichia coli, and Proteus spp. were isolated from

Citation: Behnamifar A, Rahimi S, Akhavizadegan MA, Karimi Torshizi MA, Maleki A (2020) Isolation and Identification of Microorganisms in
Eggs of a Commercial Ostrich Breeder Farm. J Anim Sci Res 4(3): dx.doi.org/10.16966/2576-6457.143



éch Forschen

pen HUB for Scientific Researc

Klebsiella spp., Escherichia coli, and Proteus spp. were isolated from
twelve dead embryos of the ostrich [26]. Staphylococcus spp. also was
found in dead embryos in the present study, and Bacillus spp., Klebsiella
spp., and Escherichia coli existed on the egg-shells of our research.
All microbes that exist in table 4 have also been reported in table
1. So it can be concluded that the contamination through the egg-
shell has penetrated into the eggs. Gram-positive bacilli that have

Table 3: Isolated microbes from the content of five infertile ostrich eggs.

been detected in the lung, liver, intestine and the eyes of the dead
embryos also have been isolated in almost all areas of the farm,
such as feed ingredients (Table 5), incubation room, setter and
hatcher machines and air inlet and air outlet ducts of incubation
rooms (Table 6). The presence of contaminants in infertile eggs can
be a reason for the high rate of early embryonic mortality in the
ostrich eggs [7].

No. of Ostrich Eggs/Culture media MacConkey agar Blood agar Sabouraud’s dextrose agar Nutrient agar PPLO agar
1 Neg. Neg. Neg. Neg. Neg.
2 Neg. Neg. Helminthosporium spp. Neg. Neg.
3 Neg. Neg. Mucor spp. Neg. Neg.
4 Neg. Neg. Neg. Neg. Neg.
5 Neg. Neg. Helminthosporium spp. Neg. Neg.
Neg: Negative
Table 4: Isolated microbes from different organs of the two dead embryos.
o) Cult Sab d's dext Sal lla-
rgan/ u ure MacConkey agar Blood agar abouraud's dextrose Nutrient agar PPLO Agar a' monefia
media agar Shigella agar
un, Ne Gram-positive Rhodotorula s ét:;rr):}l I‘:)cs(i)t?\clgsb?;ﬁierg;dﬁi Ne Ne
l\'Tegngegative & bacilli PP- posttiv / & &
positive cocci
Liver Neg. Neg. Helminthosporium spp. Gram-positive bacilli Neg. Neg.
Gram-positi Gram-positive bacilli, Gram-
Large Intestine Neg. ram p.OS.I ve Aspergillus nidulans iy .\-/e ac I.' ram Neg. Neg.
bacilli positive cocci
Eyes Neg. Neg. Neg. Gram-positive bacilli Neg. Neg.
Yolk Sac Neg. Neg. Neg. Neg. Neg. Neg.
Heart Neg. Neg. Neg. Neg. Neg. Neg.
Table 5: Isolated microbes from different parts of the incubation room.
S ling locati Cult .
ampling :::di:n /Culture MacConkey agar Blood agar Sabouraud’s dextrose agar Nutrient agar
Setter machine (swab) Neg. Neg. Mucor spp. Neg.
Hatcher machine (swab) Neg. Gram-positive bacilli Helminthosporium spp. Gram-positive bacilli
Setter machine (Petri dish) Neg. Gram-positive bacilli Alternaria spp. Gram-positive bacilli
Hatcher machine (Petri dish) Neg. Neg. Helminthosporium spp. Gram-positive bacilli
Setter room Neg. Gram-positive bacilli Mucor spp., Hel.mmth.osporlum Pp-, Gram-positive bacilli
Aspergillus nidulans
Hatcher room Neg. Gram-positive bacilli Mucor spp., Alternaria spp. Gram-positive bacilli
Air inlet duct Neg. Gram-positive bacilli Mucor spp., Helminthosporium spp. Gram-positive bacilli
Air outlet duct Neg. Gram-positive bacilli Alternaria spp., Penicillium spp. Gram-positive bacilli
Neg: Negative
Table 6: Isolated germs from feed ingredients.
Feed Items/Culture media Bacteria Fungi
Soybean meal Gram-positive bacilli Yeast
Alfalfa Bacillus spp., E. coli, Klebsiella spp. Mucor spp.
Wheat bran Gram-negative coccobacillus Mucor spp.
Bone meal Gram-positive bacill Mucor spp., Helm/nthospor/t.Jm s.pp., Aspergillus nidulans,
Scopulariopsis spp.
Corn Gram-positive bacilli Mucor spp.
Barley Gram-negative coccobacillus Mucor spp., Rhodotorula spp.
Mixed diet Bacillus, Klebsiella spp. Mucor spp.
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Table 7: Microbial culture results of 10 ostrich eggs before and after disinfection with formaldehyde gas.

Culture media
M|crob|aIasftta:ru:i:ifnefzsft-iT:lls before/ MacConkey agar Blood agar Sabouraud’s agar Nutrient agar PPLO agar
Negative/negative 6 1 2 0 7
Negative/positive 0 1 0 0 0
Positive/negative 4 7 6 8 3
Positive/positive 0 1 2 2 0
X2 x* 2.25 3.12 4.16 6.12 1.33
P-value 0.13 0.07 0.04 0.01 0.24

*Positive: Growth; Negative: No Growth

**McNemar chi-squared statistic with Yates correction of 1.0; y? value exceeds the table value of 3.841 (at 1 degree of freedom and an alpha level of

0.05)

twelve dead embryos of the ostrich [26]. Staphylococcus spp. also
was found in dead embryos in the present study, and Bacillus spp.,
Klebsiella spp., and Escherichia coli existed on the egg-shells of our
research. All microbes that exist in table 4 have also been reported in
table 1. So it can be concluded that the contamination through the egg-
shell has penetrated into the eggs. Gram-positive bacilli that have been
detected in the lung, liver, intestine and the eyes of the dead embryos
also have been isolated in almost all areas of the farm, such as feed
ingredients (Table 5), incubation room, setter and hatcher machines
and air inlet and air outlet ducts of incubation rooms (Table 6). The
presence of contaminants in infertile eggs can be a reason for the high
rate of early embryonic mortality in the ostrich eggs [8].

Deeming DC [9] examined microbial contaminations in ostrich
eggs. He reported six cases of fungal contamination in ostrich egg-
shells that four of them were found in the present study. Previous
studies indicated that the role of bacteria is more prominent in the
contamination of eggs than fungi. However, it is stated that the addling
of eggs strongly related to the attendance of fungi on egg-shells [28].
Fungal spores are almost present everywhere. Fungi can cause a variety
of infectious diseases and intoxications due to their high numbers and
prevalence and rapid spore release. Eggs have limited chemical defense
against fungi (e.g. no chitinases). Fungi can break down the shell
cuticle. As a result, the egg-shell pores would be accessed for bacteria
and they can quickly enter into the eggs [11,29].

Some papers reported that ostrich eggs do not have a cuticle layer
(Deeming, 1995), while some researchers have reported its existence
[30]. Therefore, because of this contradiction, it is necessary to
minimize the probability of contamination of eggs with preventive
methods. Studies conducted under laboratory conditions have shown
that the presence of water is necessary for penetration of microbes
into the egg-shells. Because the moisture leads to the proliferation of
bacteria on the egg-shells and by penetrating the shell pores, it acts as
a medium for the transmission of microbes [11,29]. Thus the nest of
ostriches should be well dry, be covered with a grainy litter, and dust
should be cleaned regularly.

In the farm under our study, the eggs were collected after being laid
and the environment of the farm was usually kept clean. Unfortunately,
the disinfection of in incubated eggs was not performed and the
disinfection of incubation rooms and incubator machines were
only administered at the beginning of the breeding season, and no
vaccination was done.

Due to increasing the diffusion resistance in the pores of egg-
shells and reducing gaseous exchange, the washing of eggs is not

recommended. Also, if the temperature of the disinfectant solution is
lower than the temperature of the egg, the volume of the egg content
reduced. This causes a negative pressure and a vacuum that moves
bacteria to the internal contents of the egg through the pores of the
shell, and the embryo becomes infected [7,30]. Since the usefulness of
using a mixture of permanganate-potassium formalin to disinfection
of ostrich eggs is questionable due to its strong oxidizing properties
[7], our results showed this method of disinfection was beneficial
for the reduction of microbial load of the egg-shell in a high rate
contamination. But in a low rate of contamination it was not very
effective and can be ignored with some measures and practices, such as
implementing sanitation and hygiene e.g. quick collection of eggs [31],
the maintenance of nest hygiene [32], carefully gathering and wiping
the eggs with a dry cloth, and holding the eggs with sterile toweling [33].

Average hatchability of incubated eggs in the commercial ostrich
farms have ranged from 37.5% to 61.8% [6]. In commercial farms,
even a small increase in hatchability leads to more economic benefit,
so everything should be done to its improvement. Therefore, due to
the role of microbial contamination in the reduction of hatchability
and the uncertainty about the presence of cuticle in ostrich eggs, rigid
standards of sanitation must be maintained in everywhere in the
ostrich farm.
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