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Abstract:497 ostrich eggs were collected from the breeding flock in
Nuclear Research Center from January to October 2006 to study the effect
of month of production on internal (Yolk weight, yolk diameters, yolk
height, yolk index, albumin weight, albumin height and Haugh unit) and
external egg quality (egg weight, egg width, egg length, egg shape index,
shell weight, shell %, shell thickness, and shell pore number), egg number,
fertility and hatchability percentage. It was found that average of egg
number per hen per month, fertility and hatchability were significantly
increased with the advancement of laying month. The peaks were observed
in July, while the lowest values were recorded in the beginning and the end
of the season. The heaviest egg weight was laid in May while the lowest one
was observed in January, although there was no obvious trend in the
present trait. Egg weight at 39 days of incubation increased from February
to May, decreased from June to August, then increased again. However, the
opposite trend was observed in egg weight loss percentage. And it was
found that egg width, egg length and egg shape index were significantly
lower at the start of egg production season (January to March). While there
are no highly significant differences between other months. Yolk weight and
yolk diameter were increased gradually with the progressive month of
production. In addition, yolk height had the higher value in March and
April, while it was significant decreased in May, June and July. And the
lowest value was observed in other months. Yolk index had the significantly
highest value during March, April and July, while this value occupied
intermediated with significant differences during May and June as
compared to other months that had the significantly the lowest values.
Albumen weight was significantly elevated in May, June, July and October.
While April, August and September had occupied intermediate value with
significant differences. While, the lowest  albumen weight value was
observed in other months. While, albumen height was significantly lowered
at the start of season (January and February), and the end of season
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(September and October) while it was significantly higher in the other
months especially in April. Egg shell weight and its percentage of egg
weight and shell thickness tended to decrease with the advance of the egg
production season being significantly highest at the start (January and
February) than all of the season. Meanwhile, shell pore number increased
with the advance of being significantly lower at the start of egg production
(January to April) than at the end of production in August to October.

INTRODUCTION
Birds are homeotherms so they are less vulnerable to environmental

temperature changes than poikilotherms in respect of both functional
efficiency and danger of tissue damage. There is evidence that throughout
the whole range of practical environmental temperature, laying hens have
physiological responses that affects their productive performance (Keener
et al., 2006). The relationship between ambient temperature and egg
formation and production has been much studied specially in ostrich.
Wilson, et al., (1972) and Rozenboim et al., (2007) reported that decreased
egg production and weight and shell thickness have been reported to result
from naturally and experimentally high temperature. These changes were
generally be accompanied by decreased food intake. It has thus been
supposed that the decrease in food intake is the primary response to high
temperature (Payne, 1966). In some studies increasing the nutrient
concentration of the food diet did partially counteract the effect of high
ambient temperature on egg production and shell thickness or hatchability
(Andrade et al., 1976). However, it has been claimed that there is a direct
effect of high temperature on egg production which cannot be reversed by
concentration the diet (Mueller, 1967).A destination between direct effect
(ambient temperature) and indirect effect (food intake) is to use periods of
heat stress too short to allow expression of effects of decreased food intake.
Exposure of birds to high ambient temperature (above 38°C) for about 24 hr
resulted in decreased egg production and weight and egg — shell quality and
food intake for 1 to 2 days (Compose et al., 1960). Similar effects have
been noted during the 1 st day after transfer to high temperature whether it
was cyclic or constant (Mueller and Sunde, 1975 and Olanrewaju et al.,
2006). Yolk formation is essentially a continuous process, while
oviposition, ovulation and formation of other egg components are discrete
events within the cycle. It is thus possible that the latter events are more
susceptible to extreme temperature within the 24 — h cycles. The aim of this
study was to examine the effect of month of production on internal and
external egg quality, hatchability percentage and pre and post hatching
mortality.
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MATERIAL AND METHODS

Four hundred ninety seven ostrich eggs were collected from the
breeding flock in Nuclear Research Center from January to October 2006.
The age was about 6 year for males and 5 years for females. The effect of
month of production on internal and external eggs quality, hatchability
percentage and pre and post hatching mortality was measured. All breeding
birds were daily fed 2.1 Kilograms per bird (divided on two times per day)
a completed diet containing 20 % crude protein and 2300 Kcal/Kg diet of
metabolizable energy throughout the breeding season (composition and
calculated analysis of the experimental diet are presented in table 1).

Table (1): The ingredients and the chemical analysis of the experimental
commercial diet.

Items (kg/ton food)
Ingredients:
Yellow corn 247
Soybean meal 295
Lucerne 350
Dicalcium phosphate 29
Limestone 45
Salt 5
Synthetic lysine 1
Synthetic methionine 1
Antitoxic 2
Min.! & Vit. Premix ° 12
Qil 12
Zinc pastracine 1
Total 1000
Chemical analysis (g/Kg) food:

ME (K cal/ Kg) 2300
Protein% 20
Crude fiber g/Kg 6
Calcium, g/Kg 35
Phosphorus, g/ Kg 0.70

1- The mineral premix provides the following (per 4 kg): choline chloride 1800gm;
manganese 225 gm; zinc 150gm; iron 60gm; copper 13gm; iodine 1.5 gm; selenium 0.60
gm; cobalt 0.90 gm; magnesium 250 gm ; Caco3 add to 4 kg (inclusion rate 4 kg / ton).

2 - The vitamin premix provides the following (per 2 Kkg): vitamin A 37500000 MIU;
vitamin D3 11250000 MIU; vitamin E 300 gm; vitamin B1 3300 mg; vitamin B2 3300 mg;
vitamin B6 4400 mg; vitamin B12 100 mg; pantothenic 20000 mg; nicotinic 60000 mg;
folic acid 2000 mg biotein 200 mg; Caco3 add to 2 kg (inclusion rate 4 kg / ton).
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Egg laying started in February and completely ended in October.
Collection eggs were took place from 1600 to 1800 h. to minimize the time
in the nest and prevent eggs infection.

Eggs were placed in storage racks (stored for four days) after the
surface of the eggs were cleaned with brush. The eggs were rotate 180
degree once daily until were placed in the setter. After the eggs were
sprayed with suitable disinfectant, as TH,, they were weighed on an electric
balance (+ 0.01 gm). Eggs were divided into two groups. The first group
(50 eggs as 10 eggs four each month) was assigned to study the effect of
month of production on external egg quality (egg weight, egg width, egg
length, egg shape index, shell weight, shell %, shell thickness, and shell
pore number), and internal egg quality (Yolk weight, yolk diameters, yolk
height, yolk index, albumin weight, albumin height and Haugh unit).

The external egg quality was measured as:

1- Both egg weights were measured by an electric balance to the nearest
gram .

2- Egg width and egg length were measured with venire.

3- Egg shape index was calculated as egg width over egg length multiplied
by 100.

4- The egg contents were evacuated then the shell and its membranes were
washed to remove all albumins and carefully dried then shell weight was
recorded to the nearest 1 gm using a scale balance (0.1 gm). The weight
of the shell included the shell membrane.

5- Shell percentage was calculated as a percent of shell weight over egg
weight.

6- Shell thickness was measured by micrometer to the nearest 0.01
millimeter (mm) using the average of three points at the equatorial
region, at the broad end and at the narrow end of the egg after the shell
membrane had been removed.

7- Shell pore number was calculated as the pore number in one centimeter
in the shell.

While the internal egg quality were measured as:
1- Albumin height (cm) was determined using three legs micrometer.

2- Albumin weight was obtained after the eggs were broken by subtracting
the egg weight minus both yolk weight plus shell weight.
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3-Yolk diameter (cm) was determined using calibrator (0.1 mm).

4-Yolk height was measured by using tripod micrometer and reading to the
nearest cm.

5-Yolk weight: The yolk was weighed separately to the nearest 0.1 gm for
each egg.

6- Yolk index was calculated as yolk height over yolk diameter
7- Haugh unit was calculated as:
H.u = log 100 (Alb. Height + 7.57 — 1.7 x egg wt) %%’

While the second group (447 eggs) was assigned to study the effect of
month of production on egg weight loss and hatchability percentage. After
removed eggs from storage chamber and weighed, eggs were placed in
setter for 39 day at 36 - 36.6 °C and 20-25 relative humidity. The eggs were
examined by light candling at the 7" day to remove the infertile eggs and at
the 14™ day to remove the early embryo dead. The candling was repeated at
21 and 36 days to measure the late dead embryos. From 36" day, eggs were
candled daily then weighted at the 39™ day to measure the weight loss
percentage that calculated as the equation:

Final egg wight- initial egg weight
initial egg weight
transferred to hatcher machine (35 — 35 °C air temperature and from 40 - 45
% relative humidity) until hatch (43 day).

Statistical analysis:

Data were statistically analyzed using the general linear models
procedure (GLMP) of SAS (1997). ANOVA model (one way) was used
according to Snedecor and Cochran (1982) to test the effect of month of
production on parameters. The statistical model used was:

XlOOj . At the 39™ day, eggs were

Yij = p+ Si + €jj

Where Yj; is the trait under study, p is the general mean, Si is the
effect of month of production, and eij term denotes the random variation
among individuals within each group. Differences between means were
assessed by multiple range test (Duncan, 1955).

Results and discussion:

In generally there are many factors influence the number of seasonal
egg produced. Some are environmental (such as weather, nutrition and
obesity, health and physiological factors) while other are genetic once
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(Cooper, 2000 and Agana et al., 2003). Egg production of individual ostrich
is extremely variable (Bunter, 2002). At good farms, egg production can
reach as much as 50 — 70 eggs during the season of 6 — 9 months
(Buznitsky, 2005). Egg production figures tend to fluctuate from birds to
bird and from farm to farm (Bronneberg et al.,, 2007). Table (2)
demonstrated the effect of month of production on egg production, fertility
percentage, and hatchability rate. Our data shown that average of egg
number per hen per month significantly (p < 0.05) increased per hen with
the advancement of laying month. The peak of egg production per hen per
month was in July (8.94 eggs), while the lowest number of egg production
was recorded in the beginning and the end of the season (2.63 and 5.92 eggs
for January and October, respectively). However, the average of monthly
egg production for hen averaged 6.34 eggs (Table 2). Similar data was
found by Madzingira et al., (2000), Ipek and Sahan (2004) and Wohr and
Erhard (2005) who reported that egg production significantly differed
regarding to month of laying. And the breeding season commended in
January and extended to October, and reached the peak during May and
June, then declined again to the end of the season. While Zoccarato et al.,
(2004) and Fair et al., (2005) demonstrated that the peak of ostrich egg
production was from August to September followed by a general slump or
rest period with a second lower peak from November to December in South
Africa. The variation mentioned between the present results and those from
different research in ostrich of egg production suggests that climatic
conditions are important factors affecting the present trait. Additionally,
fertility in the ostrich was low at the beginning of the season (30.2 and 44.7
at January and February respectively), then increased steadily each month
and peaked in June (87.6 %) then declined again until the end of the season
(Table 2). similar data was found by Bowsher, (1992), and Lambrechts et
al., (2004). Fertility % of the ostrich is a very important measure of the
reproductive efficiency Malecki et al., (2004). According to Gowe et al.,
(1993) egg fertility is generally considered as a trait of both parents and
their ability to interact and produce a viable zygote. Fertility percentage in
ostrich is very poor as ranged from < 50 % through to good > 85 %, as
reported by Deeming and Ar (1999). The obvious from Table (2) that
hatchability percentage steadily increased from the start of the season, until
reached the peak in June (85.3 %), then declined again until the end of the
season. This data was agreed by More et al., (1994), Wilson et al., (1997)
and Lamberecgts et al., (2004) who reported that hatchability of ostrich
eggs dropped as the breeding season progressed. At the start and end of the
season the egg number were low and hatchability was very low, although
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this may reflect low rates of fertility or unfavorable conditions in partially
empty incubators.

Table (2): Effect of month of production on ostrich egg numberfertility %
and hatchability rates.

Month Egg Number Fertility % Hatchability %
January *2.63 +1.19 30.2 41.7
February 3.66'+£ 0.99 44.7 49.9
March 4.95"+ 0.69 72.2 59.6
April 6.22"+ 0.65 79.8 75.6
May 7.00° + 0.66 85.3 76.2
June 8.21°+0.62 87.6 85.3
July 8.94% + 0.63 83.2 82.4
August 8.63" + 0.52 79.5 78.1
September 7.43°+0.62 66.8 72.1
October 5.929+0.73 62.2 67.6

* Values are means + SE.
A, b, c, ..... Means with different superscripts in the same column are significantly

different (P< 0.05).

The effect of month of production on ostrich egg weight and egg
weight loss percentage at 39 day of incubation was observed in Table (3).
The heaviest egg weight was laid in May (1478.9 gm) while the lowest one
was observed in January (1233.2 gm) although there was no obvious trend
in the present trait. It could be seen that laying month has a significant
effect on ostrich egg weight. Madzingira et al., (200) demonstrated that the
increase in egg weight towards the end of the breeding season can be
explained by the fact that it takes some time for the body conditions of the
birds to improve after the improvement in nutrition at the start of the
season, especially when little effort was made to maintain the bird's
condition during the off season. The present results are in accordance with
those obtained by Saha (2003), and Zoccarato et al., (2004). And they
added that it is important to highlight that the weight of eggs depends on
many factors such as genetics, management, and sequence of laying,
feeding and nutrition. It is observed from Table (3) that egg weight at 39
days of incubation increased from February to May, decreased from June to
August, hence then increased again. However, the opposite trend was
observed in egg weight loss percentage. Its mean that differences in egg
weight at 39 days of incubation and egg weight loss percentage were
significantly affected by month of laying. Ostrich eggs starts to loss water
as soon as they are laid and amount of loss during storage will depend
partly on storage relative humidity and temperature (Badley, 1997). During
incubation , water is lost across the egg shell at a rate that is dependent on
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the number and area of pores, the length of the pores (shell thickness) and
the water vapor pressure gradient (humidity gradient) between the inside of
the egg and the nest or incubation environment. Badley, (1997) documented
that low weight loss reduces oxygen uptake and calcium metabolism and
causes oedema in chicks, while excessive weight loss causes dehydration in
the embryo. Both either high or low weight loss reduce hatchability % and
survival of the hatching. Most successfully hatching under artificial
incubation condition has been reported for eggs that lost 12 % of their water
(Bowsher, 1992). Egg weight loss did not change from year to another,
varying only between 12.24 and 12.97 % (Ipek and Sahan, 2004).

Table (3): Effect of month of production on ostrich egg weight and egg
weight loss percentage at 39 day of incubation:

Month Egg weight Egg weight at 39 Egg weight loss
(gm) day (gm) (gm) %
January *1233.2'+10.19 1055.60% 17.22 14.44
February 1312.4'+10.99 1127.09" + 16.39 14.12
March 1393.2"+ 10.69 1194.81°+17.12 14.24
April 1407.7°+ 11.65 1212.17°+ 17.22 13.89
May 1478.9* + 11.66 1305.57%+17.19 11.72
June 1432.3°+10.62 | 1254.55° + 17.15 12.41
July 1440.9° + 11.63 1239.32° + 17.26 13.99
August 1412.2"+10.52 1202.49 + 16.15 14.85
September 1424.5° + 11.62 1218.66% + 16.15 14.45
October 1459.6° + 11.73 1252.49° + 17.15 14.19
* Values are means + SE.
A, b, ¢, ..... Means with different superscripts in the same column are significantly

different (P< 0.05).

Table (4) demonstrated the effect of month of production on egg
width, egg length and egg shape index. It was found that egg width, egg
length and egg shape index were significantly lower at the start of egg
production season (January to March). While there are no highly significant
differences between other months. Ostrich lay the biggest egg of any living
bird, about 1500 gm, with a maximum length and breadth of 16 and 13 cm.
Ostrich's egg represents 1.25 — 1.5 % of the weight of female compared
with the average 3.5 kg chicken which lays a 60 gm egg and is 1.7 % of its
body weight (Deeming, 1996). The ostrich egg is oval shaped and very
difficult to define visually the round end from the sharp one (Zaharchenko,
2005). Similar data was observed by Sales et al., 1996 and Di Meo et al.,
2003 who reported that the values of the length and width are affected by
egg weight. The ostrich egg is an exception with a high shape index of 80
% more than other birds (Franco and Beck, 2007).
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Table (5) demonstrates the effect of month of production on some
internal ostrich egg quality. It was found that yolk weight increased
gradually with the progressive month of production except at June and
August. Similar pattern were observed in yolk diameter except at May and
July it was significantly lowered (Table 5). In addition, yolk height had the
higher value in March and April, while it was significant decreased in May,
June and July. And the lowest value was observed in other months. As
shown in Table (5), yolk index was significantly the highest value during
March, April and July, while this value occupied intermediated with
significant differences during May and June as compared to other months
that had the significantly the lowest values. In addition, Table (5) suggests
the effect of month of production on albumen quality. It was found that
albumen weight was significantly elevated in May, June, July and October.
While April, August and September had occupied intermediate value with
significant differences. While, the lowest  albumen weight value was
observed in other months. While, albumen height was significantly lowered
at the start of season (January and February), and the end of season
(September and October) while it was significantly higher in the other
months especially in April. Similar data was observed by Madeiros (2005)
and Cloete et al., (2006) and Keener et al., (2006) who observed that all
internal egg quality traits studied did not significantly change at different
laying periods studied and there was no obvious trend for these traits. These
insignificant differences in internal egg quality traits may be due to that
ostrich egg has unique characteristics along the breeding season. Finally, it
was found that Haugh unit was significantly low in May, while no
significant differences were found between the other months (Table 5).

Finally, Table (6) demonstrates the effect of month of production on
external egg quality. It was found that egg shell weight and its percentage
of egg weight and shell thickness tended to decrease with the advance of the
egg production season being significantly highest at the start (January and
February) than all of the season. Meanwhile, shell pore number increased
with the advance of being significantly lower at the start of egg production
(January to April) than at the end of production in August to October.
Madeiros (2005) considered egg quality as one of the essential factors for
ostrich egg incubation. He added that the quality of the laid egg is directly
proportional to the genetically quality of the hen and its overall proper
management.

The latter author added that shell weight percentage averaged 19 %
and the higher shell percentage caused a decrease in the percentage of
albumin and yolk. They also added that these components did not affect by
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laying period, unlink the chicken hen, where as laying progresses, there is a
lower percentage of albumin and higher percentage of yolk. The results of
the present study are partially agreed with those obtained by Cloete et al.,
(2006) who observed that shell thickness decreased during the hot month
(May and July) and at the end of season (September and October). While,
the present results disagree with those reported by Brown et al., (1996 )and
Sahan, (2003) who observed that shell thickness was significantly correlated
with egg weight, where the heavier eggs having thicker shells and the egg
quality traits as egg length, egg width, egg shape index, shell thickness,
percentage of yolk, albumin and shell were significantly differences due to
thelayingperiod.
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Table (4): Effect on month of production on ostrich egg width, egg length and
egg shape index

1
January

2
February

3
March

4
April

5
May

6
June

7
July

8
August

9
September

10
October

Egg width (cm)

*11.6+0.12°

11.93+0.11°

11.9+0.11°

12.2+0.11%

12.9+0.12°

12.6+0.11°

12.540.11%

12.3+0.11°

12.5+0.11°

12.740.12%

Egg length(cm)

14.4+0.17%

14.4+0.16™

14.4+0.16™

14.7+0.16%®

15.2+0.13°

15.0+0.15%

15.05+0.16°

14.9+0.15%®

15.1540.16%

15.0440.16%

Egg shape
index

80.6+0.01°

82.8+0.01°

82.5+0.01°

82.1+0.01°

84.9+0.01°

83.9+0.01%

83.1+0.01°

81.6+0.01%

81.6+0.01%

84.440.01°

* Values are means + SE.
A, b, c... Means with different superscripts in the same row are significantly different (P<

0.05).
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Table (5): Effect on month of production on internal ostrich egg quality.

Parameters 1 2 3 4 5 6 7 8 9 10

January February March April May June July August September October
yolk wt (gm) | 242.6+9.78e [259.0+9.28d | 367+9.29c 387.649.28a | 391+9.37a 365.5£9.28c | 379+9.28ab 365.949.28c | 75.6+37.6b |382.1+9.79a
yolk 13.7740.24d |13.06+0.23e | 14.21+0.24c 14.240.24bc 13.07£0.25e 14.7440.23b 13.87+0.23d 14.7540.23b |15.254+0.23a |15.08+0.25a
diamet.(mm)
yolk 2.04+0.16e 2.21+0.14e 3.25+0.15ab 3.62+0.15a 2.7340.14cd 3.10+0.15bc 3.2240.15ab 2.06+0.14e 2.35+0.14de |2.34+0.16de
hight.(mm)
yolk index 0.1504+0.01c |0.170+0.01c | 0.229+0.01ab | 0.254+0.0la | 0.209+0.01b | 0.210+0.01b | 0.232+0.01ab | 0.140+0.01c [0.155+0.01c |0.156+0.01c
Alb. Wt. 666.8+27.4f |719.74259e | 724.4+25.9e | 782.4+25.9d | 851.5%+26.2a | 810.7£25.9b | 821.5+26.0b | 801.6+26.0c (818.6+26ab |856+27.4a
(gm)
Alb. 1.63+£0.094c |1.67+0.09¢c 1.99+0.09b 2.28+0.09a 2.08£0.09ab | 2.1+0.09ab 1.7+0.09ab 1.92+0.09b  |1.6+0.09¢c 1.54+0.09¢
Hight.(mm)
H. unit 34.9+0.41ab |35.10£0.39a | 35.39+0.39a | 35.58+0.39a | 34.05+0.39b | 35.15+0.39a | 36.43+0.39a | 36.42+0.39a |36.43£0.39a |36.25+0.41a

* Values are means + SE.

A, b, c... Means with different superscripts in the same row are significantly different (P<

0.05).
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Table (6): Effect on month of production on external ostrich egg quality.

1 2 3 4 5 6 7 8 9 10

January February March April May June July August September October

Shell wt 323.8+10.4a | 333.749.87ab 301.8+9.87hc 237.7+9.87bc 236.419.87e | 256.1+9.87bc 240.4+9.87bc 244.7+9.87bc 230.319.87cde | 221.5+10.4de
d

Shell % 26.3+0.5a 25.440.5a 21.740.5b 16.9+0.5¢ 16.0+0.5¢c 17.9+0.5bc 16.7+0.5¢c 17.3+0.5¢c 16.16+0.47d 15.240.5e
Shell poor | 21.4+0.8d 20.940.8d 21.8+0.8d 21.8+0.8d 22.4+0.8cd 23.240.8cd 24.6+0.8c 33.2+0.7b 35.2+0.8ab 37.2+0.8a
No.
Shell thick | 2.4+0.06a 2.2+0.06b 2.2240.06b 2.24+0.06ab 1.92+0.06¢ 2.14+0.06bc 2.21+0.06b 2.0£0.06¢ 1.97+0.06¢c 1.99+0.06¢

* Values are means + SE.

A, b, c... Means with different superscripts in the same row are significantly different (P<

0.05).

559




M. A. Elsayed

REFERENCES

Aganga, A. A.; A. O. Aganga and U. J. Omphile (2003). Ostrich feeding
and nutrition. Asian Network for Scientific Information, P. asistan
Journal of Nutrition, 2 (2): 60-67.

Andrade, A. N., J. G. Rogler, and W. R. Featherston (1976). Influence of
Constant Elevated Temperature and Diet on Egg Production and
Shell Quality. Poult. Sci., 55: 685-693.

Badly, A R. (1997). Fertility, hatchability and incubation of ostrich (Struthio
camelus) eggs. Poultry and Avian Biology Reviews, 8 (2): 53-79.

Bowsher, M. W. (1992). Imrovement of reproductive embryo mortality. Ph.
D. Thesis, Texas A&M. University, USA.

Bronneberg, R. G. G.; M. A. M. Taverene; S. J. Dieleman; E. Decuypere;
V. Bruggeman; J. C. M. Vernooij and J. A. Stegeman (2007).The
relation between ultrasonographic observations in the oviduct and
plasma progesterone, lutinizing hormone and estradiol during the egg
laying cycle in ostrichs. Domestic Animal Endocrinlogy, 32(1): 15-28.

Brown, C. R.; D. Reinke and A. Loveridge (1996). Mortality in nearterm
ostrich embryos during artificial incubation. British Poultry scince
37: 73-85.

Bunter, K. L. (2002). The genetic analysis of reproduction and production
traits recorded for farmed ostriches (Struthio camelus) . ph. D.
Thesis, University of New England, Australia.

Buzntskiy, A. (2002). Farm management. International Conference on
Commercial Ostrich Breeding Development, pp: 40-45.

Cloete Jr. S. W. P. ; A. J. Scholtz; Z. Brand and S. W. P. Cloete (2006).
A preliminary study on the application of image analysis for the
measurement of ostrich egg shell traits. South African Journal of
Animal Scince. 36(3): 155-159.

Compose, A. C., F. H. Wilecox and C. S. Shaffner. (1960). The influence
of Fast and Slow Rises in Ambient Temperature on Production Traits
and Mortality of Laying Pullets. Poult. Sci. 39: 119-129.

Cooper, P. G. (2000). Critical factors in ostrich (Struthio camelus
australis) production: a focus on Southern Africa. World's Poultry
Scince Journal, 56: 247-265.

Deeming, D. C. (1996). Ostrich eggs- An incubation Challeng. World
Poultry — Misset, 12 (11): 49-53.

560



Quality, Ostrich Egg, Month of Production.

Deeming, D. C. and A.Ar (1999). Factors affecting the success of
commercial incubation. In : Deeming, D. C. (Ed). The ostrich,
biology, production and health, CABI Publishing, University
Manchester.

DiMeo, C.; G. Stanco; M. J. Cutrignelli; S. Castaldo and A. Nizza
(2003). Physical and chemical quality of ostrich eggs during the
laying season. British Poultry Scince, 44; (3) 386-390.

Duncan, D. B. (1955). Multiple Range and Multiple F Test. Biomtrics, 11. 1-42.

Fair, M. D. ; J. B. van Wyk and S. W. P. Cloete (2005). Parameter
estimates for production traits of ostrich females within breeding
season. Proceedings of The 3 International Ratite Scince Association
(WPSA), Madrid, Spain, 14-16 October, pp: 21-27.

Franco, D. J. and M. M. M. Beck. (2007). Physiological Changes to
Transient Exposure to Heat Stress Observed in Laying Hens. Poult.
Sci., 86: 835-544.

Gowe, R. S.; R. W. Fairull; 1. McMillan and G. S. Schmidt (1993).

A strategy for maintaining high fertility and hatchability in a multiple-
trait egg stoch selection program. Poult. Sci., 72: 1433-1448.

Ipek, A. and U. Sahan (2004). Effect of breeder age and breeding season
on egg production and incubation in farmed ostriches. Br. Poult. Sci.
45(5): 643-647.

Keener, K. M., K. C. McAvoy, J. B. Foegeding, P. A. Curtis, K. E.
Anderson, J. A. Osborne and D. J. Bush (2006).Effect of Testing
Temperature on Internal egg Quality Measurements. Poult. Sci., 85:
550-555.

Lambrechts, H. (2004). Reproductive efficiency of ostriches (Struthio
camelus) . ph. D. Theses, Faculty of Agriculture, Univeristy of the
Free State, Bloemfontenia, South Africa.

Lamberchets, H. ; D. Swart; S.W. P. Cloete; J. P. C. Greyling and S.
J.van Schalkwyk, (2004). The influence of stocking rate and male:
female ratio on yhe production of breeding ostriches (Struthio
camelus spp), under commercial farming condirions. South African
Journal of Animal Scince, 34(2):87-96.

Maderios, C. A. (2005). Ostrich incubation- The essential factors. International
Conference on Commercial Ostrich — Breeding Development. Pp:90-95.

561



M. A. Elsayed

Madzingeira, O; K. Dzama and J. H. Topps (2000). Production, fertility
and hatchability of ostrich eggs on a farm in Zimbabwe. Transactions
of the Zimbabwe Scintific Association, 74: 6-9.

Malecki, 1. M.; S. W. P. Cloete; W. D. Gertenback and G. B. Martin
(2004). Sperm storage and duration of fertility in female ostriches
(Struthio camelus). South African Journal of Animal Science, 34 (3):
158-164.

Miller, P. C. and M. L. Sunde (1975). The Effect of Pieces Constant and
Cyclic Environments on Shell Quality and Other Lay Performance
Factors with Leghorn Pullets. Poult. Sci. 54: 36-46.

More, S.; L. Dowling and A. R. Badley (1994). How productive and
healthy are farmed Ostriches in South Eastern Queensland.
Australian Ostrich Association Journal, 26: 17.

Mueller, W. J. (1967). The Effect of two levels of Methionine on the
Biological Performance of Laying Pullets in Controlled
Environments. Poult. Sci., U6: 82-88.

Olanrwaju, H. A., S. Wongpichet, J. P. Thaxton, W. A. Dozrer and S.
L. Branton (2006). Stress and Acid-Bose Balance in Chickens. Poult.
Sci., 85: 1266-1274.

Payne, C.G. (1966). Environmental Temperature and Egg Oroduction.
Physiology of the Domestic Fowl, PP. 235-241.

Rozenboim, |, e. Tako, O. Gol-Garber, J. A. Proudman and Z. Uni.
(2007). The Effect of Heat Stress on Ovarian Function of Laying
Hens. Poult. Sci., 86(8): 1760-1765.

Sahan, U (2003).Near — term embryonic mortality during artificial incubation
of the ostrich eggs. Indian Veternary Journal, 80: 1002-1005.

Sales, J.; D. G. Poggenpoel and S. C. Cilliers (1996). Comparative
physical and nutritive characteristics of ostrich eggs. World's Poultry
Science Journal, 52: 45-52.

SAS. Institute (1997). SAS /STAT User's Guide: Statistics. SAS Institute,
Inc., NC., USA. Sounders, Philadelphia, Page: 1431- 1438.

Snedecor, G. W. and W. G. Cochran (1982). Statistical Methods 7"
Eddition the LOWA State. University Press, Ames, Lowa, USA.

Wilson, H. R.; A. R. Eldred and C. J. Wilcox (1997). Storage time and
ostrich egg hatchability. Journal of Applies Poultry Research, 6: 216-220.

562



Quality, Ostrich Egg, Month of Production.

Wilson, W. A., S. Itoh and T.D. Siopes (1972). Production traits of
Leghorn Pullets in Controlled Temperatures. Poult. Sci., 51: 1014-1023.

Wohr, Ann-Caroline and M. Erhard (2005). Ostrich farming in
Germany-an Animal Welfare Issue. "3" International Ratite Science
Symposium & XII World Ostrich Congress. Madrid 14-16 October
2005. Ed: Carbajio, E., Madrid, Spain pp: 145-156.

Zaharchenko, R. (2005). African ostrich;s incubation peacliarities.
Inernational Conference on Commercial Ostrich — Breeding
Development, pp: 96-120.

Zoccarato, I.; G. Kaijum; L. Gasco and G. Picco (2004). Effect of egg
weight on ostrich (Struthio camelus) chickweight and growth. Italian
Journal of Animal Science 3 : 7-17.

wﬂ\ uaﬂ.d‘
LAl g A A aladl) Gy i o pUN gk il
udl) Ay g 4 guadl)

Aaa — A5l Gsaall 38 hay pladl) JUS) 540 5 g pde de ) s Cnall o) )
S5 ia s b e s DA Al i (e A 497 s 5 A3 8L
Fand s A Al 5 1A B gl clia o £l g CDA) LA Al 2006
A i) A Cagh) il

Bl 5 Ay gadl) o JS dua 5 gl JSI it IS ) 2l daugie o 2 g )
lS 5 gl (8 Al ) 5 Al ansadl DA AY el o isine <l
pasall Al 5 Jyh Pla ol clbygiall JB () 5 A gy 5 A 5 el DA
RN

L iy et 8 il 8l Lt e et D& Gl (5550 il lo) il ¥
'&Lﬁ)yb )\ uau;a\ﬂ.\;\}mc.aa\ja\é.\\ Lﬂ\.\ﬁu&“é&)}@dﬂ\ bjL‘

A osbe el a5 8 el Oe Bl e 252 39 e die anll 05 & Y
psll Algs i GRUAN e B et ek a5 g e (e (i
e ) g 8 el dmé&éhﬁ&ﬁh@ﬂho&,.@m\ﬂ

Z A e 539 see

563



M. A. Elsayed

JS iy g Al ase 9 Jsh (e S e 335k il (alias) daa g
Alia (S ol la L gale gl (Fa 5 ol gl (e pus sl Al (8 Al
5oz s el Pl AY jed (00 Ligine 35 8 Jliall ll g 059 ) g
Ads sdnis 5 sl

Lain Addsy 5 dasd 5 oole Lsed Pla Jliall Jilal o el Gl 38 5 (e -
el A Amidie il B Anig 5 gile 5 DA Ui ciluldl) el
Pha dltiee ColS Lainy oSl S ddl g sdnis 5 sle Ledl Dl Galall () adi )=
sl Ak L are (8 diaddie CalS 5 i g (udae) g da) el

5 i) awagall Ailed 9 (Lol 9 ) augall Jg) (B palad) gl ) (asai-
il el DA Aala ) sedll Ay ai )l et (o g5S)

(o 5 o) pmssall Jsl (G35 ) claw 5 Lgins g duanll 3,08 (55 o)) —
33 galall il S 5L Al avgall dilgs Jin [ sedll 8L DA Caaias) Laiy
Jala Gy e 5kl @ el dae e

564



