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                                                     Table (3): Effect of ostrich embryo ages on blood chemistry (Mean±S.E). 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 
 
                                                   
 
                                                                                          
                                                                            a, b, c, d, e, f means in the same row with different superscripts are significantly different (P<0.05). 

Embryo Age(day) 
Parameter 

20 30 34 36 38 39 40 41 42 

Glucose 

 (mmol/l) 

2.15± 

0.13 f 

6.58± 

0.16 e 

7.91± 

0.54 d 

10.7± 

0.44 c 

10.7± 

0.15 c 

10.9± 

0.11 c 

13.3± 

0.19 b 

14± 

0.48  b 

15.2± 

0.32 a 

T. Lipids 

(mg/dl) 

415.7± 

13.94 f 

644.9± 

18.18 cd 

1255± 

16.75 a 

1143.9± 

71.38 ab 

1101.5± 

53.12 b 

760.9± 

44.95 c 

584.3± 

20.91de 

572.3± 

50.12de 

500.5± 

37.65 ef 

Triglycerides 

(mg/dl) 

100± 
6.83 f 

133± 
2.00e 

163± 
1.92 d 

238.3± 
 13.59 b 

340± 
20.81a 

195.5± 
2.44c 

178.3± 
4.17d 

75.3± 
3.53f 

43± 
3.51g 

Cholesterol 

 (mg/dl) 

162.8± 

13.2 e 

232.9± 

8.54 d 

295.9± 

9.9 ab 

309.7± 

15.39 a 

323.7± 

7.05 a 

290.3± 

3.18 abc 

258.4± 

1.11 cd 

240.2± 

20.95 d 

233± 

8.5 d 

Alk.p 

(IU/L) 
31.53± 
3.34 f 

55.7± 
2.54 e 

72.53± 
2.91 d 

74.2± 
3.12 d 

88.7± 
4.26 c 

99.5± 
1.06 bc 

104.76± 
3.35 b 

107.9± 
6.94  b 

140.9± 
7.78 a 

Acid phosphatase (U/L) 
5.98± 

0.15 d 

8.83± 

0.32 bc 

10.1± 

0.34 b 

13.36± 

0.69 a 

12.8± 

1.18 a 

7.76± 

0.15 c 

5.67± 

0.23 d 

6± 

0.17 d 

5.9± 

0.35 d 

T. Proteins 

(g/dl) 

0.79± 

0.08 f 

1.01± 

0.01 e 

1.04± 

0.1 de 

1.17± 

0.01 cde 

1.21± 

0.01 cd 

1.26± 

0.02 c 

1.5± 

0.08 b 

1.59± 

0.03 b 

1.9± 

0.06 a 

Albumin 

(g/dl) 

0.29± 

0.03 e 

0.41± 

0.03 d 

0.5± 

0.04 cd 

0.51± 

0.02 c 

0.51± 

0.01 c 

0.56± 

0.02 c 

0.66± 

0.05  b 

0.7± 

0.03 b 

0.83± 

0.01 a 

Globulins 

(g/dl) 

0.5± 

0.06 e 

0.6± 

0.02 cde 

0.54± 

0.08 de 

0.66± 

0.03 cd 

0.7± 

0.01 c 

0.7± 

0.01 c 

0.84± 

0.04  b 

0.9± 

0.01 b 

1.05± 

0.07 a 

A/G ratio 
0.6± 
0.1 b 

0.67± 
0.07 b 

0.95± 
0.15 a 

0.77± 
0.06 ab 

0.72± 
0.01 ab 

0.8± 
0.03 ab 

0.78± 
0.02 ab 

0.78± 
0.03  ab 

0.8± 
0.05 ab 

Urea 

(mg/dl) 

4.62± 

0.07 e 

6.00± 

0.37 d 

9.04± 

0.54 c 

9.78± 

0.50 bc 

10.9± 

0.05 b 

10.9± 

0.05 b 

10.91± 

0.05 b 

13.01± 

0.41 a 

13.86± 

0.78 a 

Uric acid 

(mg/dl) 

4.11± 
0.15 e 

4.8± 
0.19 de 

5.57± 
0.07 d 

5.57± 
0.07 d 

7.45± 
0.38 c 

8.23± 
0.15 bc 

8.59± 
0.29 b 

9.9± 
0.29  a 

10.6± 
0.22 a 

T3 

(pg/ml) 

138.3± 

1.68g 

186.7± 

3.35f 

205.7± 

0.66f 

213.3± 

1.68ef 

255± 

2.89de 

273.3± 

1.68d 

450± 

28.9b 

650± 

28.9a 

333.3± 

16.7c 

T4 

(ng/ml) 

0.35± 
0.03h 

1.733± 
0.14g 

2.43± 
0.07f 

2.77± 
0.07e 

5.07± 
0.07b 

5.13± 
0.07b 

5.43± 
0.07a 

4.07± 
0.07c 

3.2± 
0.17d 
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                           Table (4):  Effect of ostrich embryo ages on blood Hematology (Mean±S.E). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                      A, b, c, d, e, f means in the same row with different superscripts are significantly different ( P<0.05). 

 

Embryo Age(day) 
Parameter 

20 30 34 36 38 39 40 41 42 

RBCs×10
6
 

1.37± 

0.05 
e
 

2.40± 

0.03 
d
 

2.43± 

0.04 
d
 

2.52± 

0.03 
cd
 

2.52± 

0.04 
cd
 

2.69± 

0.07 
bc
 

2.74± 

0.07 
b
 

3.10± 

0.05 
a
 

3.15± 

0.13 
a
 

WBCs×1000 
4.33± 

0.67 
d
 

4.66± 

0.33 
cd
 

4.66± 

0.33 
cd
 

5.00± 

0.58 
cd
 

5.33± 

0.67 
cd
 

5.33± 

0.88 
cd
 

6.66± 

0.33 
bc
 

8.00± 

0.58  
ab
 

9.33± 

0.88 
a
 

Hb 

(g/dl) 

3.86± 

0.09 
g
 

6.00± 

0.15 
f
 

6.93± 

0.18 
e
 

7.70± 

0.25 
d
 

8.00± 

0.21 
d
 

8.13± 

0.15 
d
 

8.76± 

0.15 
c
 

9.30± 

0.10 
b
 

9.86± 

0.09 
 a
 

PCV% 
25.00± 

1.15 
g
 

34.00± 

0.58 
f 

38.66± 

0.67 
e
 

41.30± 

0.67 
d
 

43.00± 

0.58 
cd
 

44.00± 

1.15
 c
 

45.00± 

0.00 
c
 

47.33± 

0.33 
b
 

51.00± 

0.58 
a
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     Table (5): Effect of ostrich embryo ages on calcium and phosphorus concentrations in  

                      plasma (mg/dl), bone and  eggshell (mg/g) (Mean ± S.E). 

Embryo Age(day) 
Criteria 

0 20 30 34 36 38 39 40 41 42 

Calcium  

(mg/dl) 
 

1.69± 

0.06
h
 

2.2± 

0.10
gh
 

2.51± 

0.05
fg
 

3.06± 

0.17
ef
 

3.57± 

0.08
de
 

4.12± 

0.06
cd
 

4.66± 

0.09
bc
 

5.11± 

0.14
b
 

6.75± 

0.54
a
 

P
la
sm

a
 

Phosphorus  

(mg/dl) 
 

1.44± 

0.04
f
 

1.8± 

0.10
e
 

1.87± 

0.04
e
 

2.5± 

0.13
d
 

3.09± 

0.09
c
 

3.23± 

0.06
c
 

3.42± 

0.06
c
 

4.01± 

0.05
b
 

5.02± 

0.28
a
 

Bone Calcium 

(mg/g) 
  

4.93± 

0.12
g
 

6.0± 

0.06
f
 

6.93± 

0.06
e
 

7.64± 

0.31
d
 

9.1± 

0.05
c
 

9.4± 

0.03
bc
 

9.85± 

0.16
b
 

10.72± 

0.29
a
 

B
o
n
e 

Bone 

Phosphorus 

(mg/g) 

  
3.94± 

0.03
g
 

4.75± 

0.09
f
 

5.043± 

0.04 
e
 

5.343± 

0.08
d
 

5.56± 

0.02
c
 

5.72± 

0.07
c
 

6.1 ± 

0.03
b
 

6.57± 

0.14
a
 

Calcium 

Eggshell 

(mg/g) 

16.95± 

0.22
a
 

16.46± 

0.03
b
 

16.28± 

0.02
bc
 

16.22± 

0.02
c
 

15.97± 

0.01
d
 

15.92± 

0.02
d
 

15.83± 

0.00
d
 

15.76± 

0.03
de
 

15.6± 

0.02
ef
 

15.42± 

0.05
f
 

E
g
g
sh
el
l 

Phosphorus 

Eggshell (mg/g) 

0.69± 

0.01
a
 

0.64± 

0.00
b
 

0.63± 

0.00
c
 

0.62± 

0.00
c
 

0.59± 

0.00
d
 

0.58± 

0.00
de
 

0.58± 

0.00
e
 

0.57± 

0.00
e
 

0.56± 

0.00
f
 

0.48± 

0.01
g
 

               A, b, c, d, e, f, g means in the same row with different superscripts are significantly different ( P<0.05). 
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                                               Table (6): Effect of ostrich embryo ages on some physical characteristics (Mean±S.E). 

Embryo Age(day) Egg physical 

characteristics 0 20 30 34 36 38 39 40 41 42 

Percentage wt. loss 
3.54± 

0.12 h 

6.3± 

0.2 g 

8.01± 

0.45e 

8.53± 

0.27 e 

9.60± 

0.17 d 

11.18± 

0.18 c 

11.47± 

0.29 c 

11.60± 

0.31 c 

12.48± 

0.19 b 

14.43± 

0.35 a 

Eggshell porosity (pore/cm2) 
15.7± 

1.45a 

15.7± 

1.45a 

15.7± 

1.45a 

15.7± 

1.45a 

15.7± 

1.45a 

16± 

1.73a 

16.7± 

1.34a 

17± 

0.58a 

17± 

0.58a 

17± 

0.58a 

Eggshell thickness (mm) 
0.192± 

0.00
ab
 

0.192± 

0.00
ab
 

0.187± 

0.00
bc
 

0.185± 

0.00
bc
 

0.182± 

0.00
c
 

0.182± 

0.00
c
 

0.182± 

0.00
c
 

0.182± 

0.00
c
 

0.182± 

0.00
c
 

0.18± 

0.00
c
 

Shell relative wt. 
20.1± 

0.35a 

20.1± 

0.35a 

20.12± 

0.15a 

19.99± 

0.38ab 

19.63± 

0.11abc 

19.38± 

0.16bcd 

19.04± 

0.01cde 

18.76± 

0.15de 

18.64± 

0.17ef 

18.05± 

0.11f 

Albumin relative wt. 
52.6± 

0.85 a 

26.03± 

1.95 b 

8.83± 

0.44 c 

5.10± 

1.13 d 

3.06± 

0.16 de 

2.29± 

0.24 de 

2.52± 

0.3 de 

2.15± 

0.2 de 

2.00± 

0.0 de 

1.50± 

0.29 e 

Embryo relative wt.  
3.65± 

0.46 g 

18.23± 

0.60 f 

29.1± 

1.39 e 

32.49± 

1.54 de 

36.83± 

1.43 cd 

38.38± 

1.88 bc 

40.70± 

2.36 abc 

42.40± 

2.35 ab 

45.10± 

1.05  a 

Yolk relative wt. 
26.5± 

0.14a 

25.9± 

0.01ab 

25± 

0.58abc 

23.8± 

2.4abc 

23.4± 

1.5 abc 

21.96± 

0.5 abc 

20.9± 

1.9 cd 

20.6± 

1.55 cd 

20.4± 

1.95 cd 

19.5± 

2.5e 

Percentage of  Yolk  

Total Lipids 

58.3± 

0.93  a 

57± 

1.61  a 

52.17± 

0.33  b 

37± 

0.71 c 

36.25± 

0.63 cd 

35.25± 

0.25cde 
35.17± 

0.17cde 
35.00± 

0.58  cde 
33.95± 

0.41 de 

33.5± 

0.87 e 

                       a, b, c, d, e, f means in the same row with different superscripts are significantly different (P<0.05). 
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1-INTRODUCTION 
 

Recently, ostrich farming is considered as an untraditional 
way for solving the gap in meat production. Ostrich produce 
high protein red meat with a very low cholesterol content, high 
concentration of iron, phosphorus, potassium, copper and 
manganese (Sales and Horbanczuk 1998). The leather is 
proven to be very hard in texture if used for wearing, while the 
feathers are sold for the fashion industry.  

 
In Egypt, ostrich industry has dramatically increased over 

the last ten years. The most important on-farm constraint to 
productivity for ostrich industry are: low hatchability percentage 
due to the high rate of embryonic mortality that mounted 30% 
during the last 10-14 days of incubation and chick wastage 
within a week of hatching. These are the major problems in 
ostrich industry that result in a significant economic loss.  

 
The unusual embryonic mortality percent during 

incubation and chick wastage may be due to the struggle of 
ostrich embryo to emerge and free itself from the shell and 
contribute to muscular fatigue and failure to hatch. About 28 – 
50% of the fertile eggs failed to hatch and need assistance to 
hatch. If chick has not externally pipped after 12 hours of 
internally pipping we have to help them out. High chick 
mortality occurres in assisted chicks with poor growth rates in 
the survivors. Chicks that die at point of hatch or within a week 
of hatching show some degree of muscular lesions in the leg 
muscles, which are used to break the shell in hatching. The 
hatchability of ostrich eggs may be significantly increased if 
each egg receives individual attention after being placed in the 
hatcher. Unfortunately the practice of helping chick to hatch out 
is common in the ostrich industry. Ostrich chicks should be 
allowed to pip and hatch out on their own.  Mortality percent of 
chicks, which required no assistance to hatch was 9.8% 
compared with 75% for chicks helped to externally pip. 
Extensive embryonic mortality is usually observed in ostrich 
between pipping and emergence.  
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It was found that most ostrich embryos had mostly died in 
the final stage of embryogenesis. Unfortunately, very little is 
known about the patterns of embryonic mortality in the ostrich. 
The poor understanding of the pattern of embryonic development 
especially during hatching and the lack of information dealing 
with some internal physiological parameters that may affect 
ostrich embryonic development during incubation acts as 
limiting factors in the expansion of the ostrich industry 
worldwide (Deeming and Ayres 1994).  

 
Ostrich has been of economic importance for many years, 

data relating to their basic hematological and biochemical 
parameters especially during embryonic stage are rare. 
Knowledge of normal  blood hematological and biochemical 
values of ostrich embryos during embryonic stage are very 
important for: nutritional studies, detection of metabolic 
disorders, appropriate early diagnosis,  treatment of diseases, 
provides valuable information for evaluating embryos 
requirement during embryonic development and monitoring 
embryo's health status which reflects on the capability of the 
embryos to liberate themselves from the eggs and therefore the 
hatchability may increase. It is important to establish  
hematological reference and biochemical data of ostrich embryos 
at different ages in order to have baseline information. 

 
The low hatchability of ostrich eggs may associate with 

various factors. Unbalanced nutrition has been implicated with 
embryonic mortality, and affecting the production of a healthy 
chick. As the industry develops, additional efforts must be made 
to address the causes and solutions to these inevitable causes of 
unusual embryonic mortality percent during incubation.  

 
The egg is a “closed nutrition” system once it is laid by 

the hen. All the nutrients, including vitamins and minerals 
necessary to support complete embryonic development and 
viable chick are packaged inside the shell at the time of its 
formation (Latour et. al., 1997). Nutrients deposited in the egg 
by the hen determine success of embryo development and 
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hatching of a healthy chick (Vieira 2007). High mortality during 
the second week of chicken embryos suggests nutrient 
deficiencies in hens' diets (Leeson et. al., 1979).   

 
The practice of in ovo injection of vitamins, antibiotics, 

and vaccines as well as other nutrients, may become in the future 
a routine work in poultry production (Vieira 2007). The 
introduction of nutrients directly into the embryo was performed 
in several occasions. Manual egg vitamin injections are 
considered valuable for diagnosing possible limiting vitamins for 
hatchability (Grizzle et. al., 1992 and Abdullah et. al., 1994). 
The ability to directly supply growing embryos with in ovo 

technology with specific nutrient compounds may decrease the 
need for long-term formulation of enriched rations for maternal 
diets to achieve similar effect. In ovo injections may also provide 
a more accurate dose at the specific time for peak absorption of 
specific nutrients, cofactors, or metabolic modulators by the 
embryo (Surai et. al., 1999). 
 

In attempt to solve the problems of the high rate of ostrich 
embryonic mortality and low chick quality. However, since it is 
difficult to control egg composition via hen nutrition (breeder 
feed), in ovo feeding (direct application into the egg) offers a 
promising solution to provide the embryos with the essential 
nutrients. Increasing hatchability and vitality of the developing 
chick embryo with in ovo technology may be possible by testing 
the effect of in ovo injection of several nutrients to the 
developing embryo, so it can be commercially applied to achieve 
a better return on investment. Unfortunately, to our knowledge 
no studies were found for in ovo nutrients administration in 
ostrich eggs. So, the present study aimed to offer new insight for 
hatchability improvement in ostrich eggs via injecting the 
incubated fertile eggs with some vital nutrients. Therefore, this 
study was planned to: 

 
1-Follow up changes in some vital blood components associated 
with ostrich embryonic development during artificial incubation 
in order to investigate the utilization of these components during 
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embryonic development and to provide reference blood 
biochemical baseline values of the developing ostrich embryo 
during the incubation. 

 
2-Test the effect of in ovo injection of some nutrients and 
vitamins  such as proline, pyridoxine, biotin, vit.D3, vit.E and 
linolenic acid upon hatchability and hatching performance of 
ostrich embryos.  
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2-REVIEW OF LITERATURE 
 
The ostrich (Struthio camelus) is a flightless bird 

belonging to the ratite family and known as the largest living 
bird. The adult live body weight ranged between 70 and 150 kg. 
Ostrich is native to semi-arid and desert areas of Africa, they 
have been raised intensively in South Africa for more than 100 
years and reared commercially mainly to produce usable 
products, including meat, hides, feathers, and eggs (Kreibich 
and Sommer 1995).  

2-1- HATCHABILITY OF THE OSTRICH EGGS 

There are many factors affecting ostrich (Struthio 
camelus) production and acts as major obstacle and difficulties 
to the development of ostrich farming and has limited success to 
the ostrich’s world industry elsewhere. For instance, low 
hatchability, high dead in shell and high mortality of chicks 
during 3 months of rearing after hatch. On average 50% of all 
eggs hatched and only 40% of the hatching survived to slaughter 
age (Mellett 1993). In Italy: 20% of laid eggs are not fertile and 
just 60% hatches (Salghetti 2000). Hatchability of the ostrich 
eggs is very low when compared with poultry, this reduction 
resulted in part from high rate of infertility, embryonic mortality 
caused by poor understanding of the artificial incubation and 
chicks rearing are the most constraint on the development of the 
ostrich industry worldwide. Mushi et. al., (2008); Dzoma and 
Motshegwa (2009) stated that hatchability of artificially 
incubated ostrich eggs was generally low and varied, ranging 
from 33% to 80%. Embryonic mortality reaches its maximum 
during the last few days of incubation (Deeming 1995; Brown 
et. al., 1996). Moreover, 28 – 50% of the fertile egg failed to 
hatch which is in accordance with the 34 to 52% (Nashat 2005). 
Badley (1997) added that hatchability (proportion of fertile eggs 
hatching) and survivability (proportion of chicks surviving to 
three months) were 51% and 62%, while More et. al., (1994) 
found better results (67% hatchability and 68% survivability). 
Kocan (1995) reported that hatchability of ostrich eggs was only 
(37.2-51%) due to high rates of infertility (22-50%) and 



 

 

 6 

contamination (20-22%). In South Africa, Zimbabwe and USA 
during the whole breeding season, egg hatchability varied inside 
the same farm and between different farms.  
 
2-2-FACTORS AFFECTING HATCHABILITY OF    
      OSTRICH EGGS     
2-2-1- Egg weight loss: 

Wilson (1996) stated that the major factors that determine 
egg weight loss are shell porosity and ambient relative humidity. 
Secondary factors are egg size, altitude and incubation 
temperature. Approximate incubation relative humidity 
requirements are 15-20% for the ostrich eggs. Although, the 
primary effect of humidity on water loss from the incubating 
eggs, it also affects utilization of minerals from the shell, gas 
exchange and other functions. Insufficient water loss results in 
large, sluggish, edematous chicks, which are often in a 
malposition in the egg causing problems in pipping the shell and 
in hatching. Excessive water loss results in small, dehydrated, 
weak chicks that may not be strong enough to hatch. Chick's 
weights of 60 to 65% of the egg weight at setting appear to be in 
the normal range for ratites, as it is for other domestic species. At 
the hatcher, the embryos begin to pip the shells, so the humidity 
should be increased (to approximately 40%) to prevent 
membranes from drying too quickly, which causes the embryo to 
stick in the shell. Moreover, Deeming (1993) reported that 
excessive water loss results in reduced hatchability through 
dehydration of embryos and prevent hatching. 

Bowsher (1992) reported that the most practical way of 
regulating the amount of water loss from the eggs during 
incubation depended on the number and area of pores (shell 
thickness) and by altering the incubator humidity. So, earlier 
recommended humidities were between 50 and 52%. On the 
other hand, Deeming (1993) suggested that a potential solution 
to water loss problems is to tailor incubator humidity to the mass 
of the egg. So that, heavier eggs were incubated at lower 
humidities and lighter eggs at higher humidities.  

Packard and Packard (1993) suggested that 
hypercalcaemia attending excessive water loss may be the causal 
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link between increased mortality and dehydration in near term 
embryos. In 1995, Block suggested that the amount of weight 
loss of eggs during incubation can be readily manipulated by 
producers in modern artificial incubators, emphasizing the need 
for producers to routinely monitor incubator humidity, both 
directly and by regularly weighing eggs during incubation.  

2-2-2-Hypoxia and myopathy: 

Davis et. al., (1988) showed that hypoxia was the 
proximal cause of death in oedematous embryo as a result of 
impaired oxygen diffusion across the moist shell membranes. 

Rigdon (1967) and Burger and Bertram (1981) 
reported that myopathy was found in pelvic muscles of embryos 
that had pipped the shell, showing symptoms of muscular 
degeneration, including necrosis of the complexes (hatching) 
muscle resulted from exertions during hatching and swollen 
complexes muscles were common in ostrich chicks that straggle 
to hatch.  

Deeming (1995) found that myopathy was contributed to 
muscular fatigue and failure to hatch. He noticed that chicks died 
at point of hatch or within a week of hatching showed some 
degree of muscular lesions in the leg muscles which were used to 
break the shell in hatching. Myopathy was thought to occur 
secondarily to exertion, hypoxia and respiratory acidosis and this 
may be more direct causes of death in chicks which exhibiting 
this symptom. Embryos with low incidence of pelvic muscle 
lesion and was pipped the air cell or shell broken was assisted to 
hatch.  

Philbey et. al., (1991) found that the syndrome of ostrich 
chicks that died at or within 1 week after hatching (which had 
anasarca, degenerative changes in the complexes and pelvic limb 
muscles and fibrinoid degeneration of arterioles) was related to 
high relative humidity during incubation. Malpositioning, was 
also a cause of embryo mortality, may be related to high relative 
humidity or turning rate.  

Furthermore, myopothy, gross lesions of internal organs, 
haemorrhage, bacterial infections and congenital deformities was 
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also found to be causes for embryonic mortality (Deming 
1995b). 

2-2-3-Oedema: 

Jarvis et. al., (1985) found that high relative humidity 
levels in the incubator appear to cause oedema in chicks. Button 
(1993) and Terzicht and Vanhooser (1993) reported that 
oedema in artificially incubated ostrich embryos is a common 
problem causes embryonic mortality. Also, Davis et. al., (1988) 
showed that the failure of eggs to lose water leads to storing the 
excess of water in the embryo's skeletal muscles and under the 
skin resulting in a characteristic oedema.  

Angle (1995) found that most oedema was generally 
considered to result from insufficient water loss from the egg 
during incubation. Moreover, he confirmed Deeming (1993) 
when he reported that most bird eggs need to lose about 15% of 
their initial mass before pipping takes place. He added that, 
insufficient water loss result in poorly developed air cells, poor 
gas exchange and wet or ‘water-logged ‘oedematous embryos, 
many of which die at or near point of hatch or soon after. 
Moreover, Burton and Tullett (1983) observed that embryos in 
egg which lose insufficient water during incubation die probably 
not through an excess of water but rather through hypoxia 
induced by the low shell conductance. 

Shivaprasad (1993) observed that anasarca was a 
common problem in ostrich eggs, which failed to hatch. This 
problem was associated with embryos from eggs above the 
average mass of 1500g, which had below average weight losses.  

2-2-4- Hatch assistance: 

The social facilitation of hatching is well developed in the 
ostrich, and the absence of the stimulus from parents and other 
chicks to promote the hatching process may be a significant 
factor in reduced hatchability under artificial conditions. The 
hatchability of ostrich eggs may be significantly increased if 
each egg receives individual attention after being placed in the 
hatcher (Brake and Rosseland 1991). In this respect, Gary 
(1995) reported that hatchery management is critical for 
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successful hatchability. Hatchability problems can be caused by 
inadequate breeder nutrition, mating problems, improper egg 
handling, incubator or hatcher malfunctions, and humidity or 
temperature problems. 

Twenty eight to 50% of the fertile eggs failed to hatch and 
need assistance to hatch (if chick has not externally pipped after 
12 hours of internally pipping we have to help them out). High 
% chick mortality occurred in assisted chicks with poor growth 
rates in the survivors. In addition High % chick wastage during 
the first 10 weeks after hatching (Badley 1997 and Nashat 
2005). 

In ostrich, the sequence of the average hatching process is 
for the chick to pip first into the air cell on day 40 (internal 
pipping), then pip through the outer shell during day 41 (external 
pipping), and to complete hatching by day 42. This, of course, is 
subject to normal biological variation (Berry 1996). 

James and Stewart (1993) reviewed that inferior ostrich 
chicks may fail to hatch because of infectious, nutritional, 
genetic, or other causes of weakness. However, otherwise 
normal chicks may also fail to hatch because of improper 
incubation and hatching conditions, or simply as a result of the 
lack of external stimuli. Assistance to malpositioned or other 
abnormal chicks is a skill that develops best with experience. 

Thomas and Simon (1996) reported that it is important 
to allow the chicks to exit the shell on their own. At the time of 
internal pipping, the bird has not yet internalized all of the yolk 
material and the blood vessels that are attached to the inside 
membranes of the shell have not dried up sufficiently to allow 
the bird to hatch normally. The final process of exiting the shell 
may take many hours to several days, depending on the vigor of 
the bird. It may be necessary to remove pieces of sharp shell or 
to remove dried membranes to assist the chick in this process. 
Birds taken out of the shell prematurely often have incompletely 
internalized yolk sacs and are often subject to umbilical and yolk 
sac infections. If the chick is rushed, the navel may not have 
properly closed. An infected navel frequently leads to a dead 
chick. Once the bird has completely exited the shell, treat the 
umbilical area with liberal amounts of 7% Iodine. This will help 
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disinfect the area, prevent bleeding, and minimize bacterial 
contamination. 

Randy (1993) reported that chicks will usually hatch 
without assistance within 12 hours after they first pip (break) the 
shell.  Chicks should not be removed prematurely as blood 
vessels may break, or, if a chick is not given sufficient time to 
struggle, the yolk sac may not be drawn into the chick's body. If 
a chick has not hatched after 20 to 30 hours and appears weak, 
carefully remove a few pieces of shell. Be sure to remove pieces 
of shell which are cutting the chick's bill. He also advised that if 
chick has not externally pipped after 12 hours of internally 
pipping you have to help them out. It may take another 12 hours 
after making an external hole for the chick to break free. It uses a 
combination of kicking, pecking and body movements to achieve 
this.  

Unfortunately, the practice of helping chick out is 
common in the ostrich industry (Deeming 1993). ostrich chicks 
should be allowed to pip and hatch out on their own and the aid 
is being given to some chicks which are either nor ready to hatch 
or were not destined to hatch because of nutritional, 
physiological or congenital problems, the result of efforts to keep 
such assisted chicks alive has meant that poor quality birds are 
being maintained and that the problems associated with chicks 
not hatching are not being investigated (Hallam 1992). 

Ar et. al., (1996) and Deeming (1997) reported that high 
chick mortality occurred in assisted chicks to pip and hatch out 
with poor growth and low survival rates. Mortality of chicks 
which required no assistance to hatch was 9.8% compared with 
75% for chicks helped to externally pip (Deeming and Ayers 
1994).  

Deeming (1995b) reported that the ostrich does not have 
an egg tooth and apparently uses its beak, right foot and bodily 
pushing to shalter the shell after the initial pip, the ostrich 
embryo only rotates around 90 while the chicken embryo rotates 
360 in order to cut the shell and break out.  The time from 
internal pipping to hatching is very variable in ostrich eggs 
within a batch (Button 1992 and Deeming 1993a). The embryo 
usually spends 10-48 hours in the air cell before externally 
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pipping. Hatching can then take at least another day. 
Occasionally a chick pips internally and externally and hatches 
all on the same day (Badley, personal observation).  

Deeming (1993a) believed that no assistance should be 
given until the chick has at least broken through the shell. 
Breaking into the egg any earlier may cause the premature 
demise of the embryo or, by allowing fresh air into the egg, 
discourage the chick from hatching by itself. 
 
2-3- THE PHYSICAL CHARACTERISTICS AND   
       CHEMICAL COMPOSITION OF  OSTRICH EGGS  
2-3-1- Eggshell structure and  mineral content: 

The eggshell structure is considered to be correlated with 
the hatching sequence in the ostrich. Abnormal shells described 
by Sauer et. al., (1975) were all commonly associated with 
failure of normal embryonic development.  

The mineral content of eggshells might influence embryo 
physiology and hatchability. Tuan and Zrike (1978) reported 
that after the early period of embryonic growth, the primary 
source of Ca (over 80%) and Mg (over 30%) was mobilized via 
shell absorption (dissolution of the shell) by the chorioallantoic 
circulation by mechanisms similar to bone resorption and the 
shell was the only sources of Ca and Mg late in incubation. 
Meanwhile, Tuan (1983) and Ono and Wakasugi (1984) 
reported that during embryonic development of the chicks, Ca 
and Mg are supplied from two sources, the egg yolk and 
eggshell. 

 Richards (1982) postulated that until approximately 10 
days of incubation the yolk appears to be the solo supplier of Ca 
and Mg in chicken embryos, but this to be true for turkey 
embryos until about day 15 of incubation. Bowsher (1992) 
cleared that the shell was a source of Ca to provide the embryo 
in the latter stage of incubation. Tronter et. al., (1983) found 
that Mg was lost from membranes of chicken eggs between 3 
and 9 days of incubation and Mg concentration of membranes 
increased after 18 days of incubation so they suggested that Mg 
played a more complex physiological role during incubation than 
simply as a structural component of the shell.  
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Christensen and Biellier (1982) cleared that increased 
plasma Ca to Mg ratio in embryos at the time of pipping and 
hatching increased physiological muscular mechanism for 
breaking the shell and hatching and may play a role in 
hatchability. On the other hand, ionic Ca stimulates muscular 
contraction whereas Mg inhibits contraction. So, they suggested 
that the influx of these ions into the egg membranes or 
embryonic circulation may influence embryonic survival during 
incubation by some as yet undefined physiological mechanism.  

Ono and Wakasugi (1984) cleared that the increased 
concentration of Ca and Mg in turkey blood plasma during 
pipping and hatching may be dependent upon the composition of 
the shell, which was the major source of these minerals, during 
the latter stages of embryonic development.  

Christensen and Edens (1985) assumed that the 
relatively low Ca in turkey eggshells may not affect hatchability 
as much as the relatively lower Mg concentration. Grabowski 
(1966) and Christensen and Eden (1985) found that injections 
of Ca and Mg at setting and at a 25 days of incubation (a time 
selected to coincide with the yolk supplying Ca and Mg to the 
turkey embryo) significantly depressed hatchability. However, 
latter in incubation specifically at day 25 of incubation, they 
found that the injections of Ca and Mg affected hatchability 
divergently since injections of Mg depressed hatchability 
whereas Ca injections improved hatchability. Moreover, they 
cleared that increasing the ratio of Ca to Mg in turkey eggs at 25 
days of incubation improve hatchability whereas decreasing the 
ratio suppresses hatchability.  

Romanoff (1967) observed that eggshell inorganic 
phosphorus (Pi) concentrations in chicken eggs varied among 
hatchability groups.  

Christensen et. al., (1982) studied the concentration of 
Ca, Mg and Pi in the turkey eggshell during the egg production 
season and in the hatched, pipped and non pipped dead embryos. 
They found that the concentration of Ca was significantly greater 
in eggs laid in the early season than in eggs laid in the mid 
season or late eggshells laid in the late season. Meanwhile, no 
significant differences were observed in the Ca concentration of 
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non pipped, pipped or hatched eggshells, while a significant 
increase in Mg was observed in early and mid season eggshell 
than in late shells. However, they found that hatched eggshells 
contained significantly more Mg than pipped or non pipped 
eggshells, the ratio of Ca to Mg increased significantly in the 
hatched eggshells than pipped or non pipped eggshells and the 
percent egg Pi didn’t change across the laying season in early, 
mid, late eggshells. On the other hand, the pipped eggshells 
contained significantly more Pi than non pipped or hatched 
eggshells.  

2-3-2- Eggshell porosity and oxygen supply:  

Shell porosity has been implicated with embryonic 
mortality, both too many pores and too few pores have been 
shown to affect hatchability. Paganelli (1991) and Button et. 
al., (1994) stated that pores number vary greatly between ostrich 
eggs and averages around 15 pores / Cm2. Also, they reported 
that ostrich eggs as well as most of the bird species were on 
average more pores at the air cell at the end of the egg than at the 
equator side. They added that the shell thickness was varies 
between eggs but increases with egg size.  

The increase in eggshell porosity is associated with a 
greater need for oxygen by the embryo towards the end of 
incubation. Deeming (1993) suggested that low eggshell 
porosity may limit oxygen supply to the embryo, resulting in 
suffocation without obvious symptoms and the death resulted 
from hypoxia. Sahan et. al., (2003) showed that there were no 
significant differences between hatched and unhatched eggs with 
respect to pores density and mass loss. However, Pores density 
correlated with hatchability. Hatchability was less in low pores 
density eggs (40.9%) than in intermediate (71.8%) and high 
pores density eggs (80.9%). 

2-3-3- Shell thickness: 

Saleh (1988) showed that shell thicknesses of different 
shell regions are consistent with the removal of Ca from eggshell 
for bone formation during the embryonic development. 
Moreover, he reported that the thin shell of hatching eggs may be 
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due to the more consumption of Ca by the live embryos than the 
dead ones in the unhatching eggs. In addition, his results 
indicated that the embryos used the equator Ca more than from 
large or small regions. Sateneni and Satterlee (1994) and 
Deeming and Ar (1999) demonstrated that hatchability was less 
in egg with thicker shell and lower shell porosity, which lose less 
water than optimum and in eggs which lose more water than 
optimum.  

Gonzales et. al., (1999) stated that although shell 
thickness did not significantly affect hatchability the shell was 
thinner in hatched eggs than in the unhatched ones, and that shell 
thickness and egg mass loss were negatively correlated. 

Peeples and Brake (1985) demonstrated that eggshell 
was a major respiratory component of the developing embryos 
and the thicker shell produce greater resistance to gaseous 
diffusion and the shell thickness was associated with increased 
embryonic mortality. On the other hand, Vick et. al., (1993) 
indicated that there are some factors other than shell thickness 
affected embryonic mortality and development of chicken eggs 
such as the poor albumen quality and thinner cuticle and shell 
membrane.  

Christensen et. al., (1996) showed that hatchability was 
depended upon a proper relationship between pores 
concentration and shell thickness (pore length) which provided 
proper weight loss for optimum embryo growth. Button et. al., 
(1994) reported that the eggshell porosity depends on the number 
of pores and the thickness of the shell which affects the loss of 
water vapour across the pores of the shell.  

Regarding eggshell thickness, Sahan et. al., (2003) 
studied the effects of eggshell thickness and eggshell porosity on 
water and hatchability of ostrich eggs. They found that shell 
thickness did not correlate significantly with hatchability. 
Although the hatchability of high shell thickness eggs (63.6%) 
was somewhat lower than those of intermediate shell thickness 
eggs (74.2%) and low shell thickness eggs (71.4%), however, 
this difference was not significant. On the other hand, eggs of 
low shell thickness lost more mass (13.03%) than those with 
intermediate (11.22%) and high (10.36%) shell thickness. Mass 
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loss during incubation was higher in hatched (11.98%) than in 
unhatched eggs (11.09%) although it was not significant. 
Accordingly, Shell thickness was negatively correlated to egg 
mass loss, while the pore density was correlated with 
hatchability.  

2-4-THYROID HORMONES 

Thiiodothyronine (T3) and thyroxin (T4) are important 
indicators of thyroid function, which are involved in chickens 
embryo metabolism, and numerous physiological processes, 
including regulation of heat production, mobilization of 
glycogen reserves, embryo muscle growth (Christensen et. al., 
1996 and Zhou et. al., 2007b), and stimulus for hatching 
(Christensen et. al., 2003c). 

Lu et. al., (2007) observed constant levels of T3 during 
mid incubation of chicken embryo, but it peaked the day before 
hatch. T4 levels reached high levels and stayed high during 
amnion consumption (between days 17 and 20 of incubation), 
decreasing after hatch. Elevated thyroxin levels are considered 
important for stimulating a variety of developmental and 
metabolic processes necessary for hatching. The sharp rise in T3 
was associated to embryonic switching to lung respiration. Both 
T3 and T4 are positively correlated with embryonic body weight 
during late incubation. 

2-5- NUTRIENT DEFICIENCIES 

Brake et. al., (1994) reported that very little is known 
about the role of parent nutrients and the effect of nutrient 
deficiency in the embryonic mortality and hatchability of ostrich 
eggs. Cooper et. al., (2005) reported the most problems in 
ostrich breeding, including fertility, hatching, chick survival, 
growth rates and deformities in the early weeks, are usually 
traced to inadequate breeder rations. Wilson (1997) reviewed 
that an unbalanced nutrition is the cause of bad reproductive 
efficiency (embryonic mortality, poor vitality of chicks).  

 Nutrient deficiencies, most gross deficiency in the egg at 
laying, resulted in embryonic failure (embryo mortality mid way 
through incubation) and reduced hatchability (Brake et. al., 
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1994). They stated that much more researches are needed to 
determine the nutrient requirements of breeding ostriches.  

Good incubation practices are quite important to improve 
low hatchability (Gonzales et. al., 1999), but nutrition is also a 
key element. In several farms at the beginning of reproductive 
period laying percentage and chicks’ conditions are pretty good, 
but later on the number of laid eggs, fertility and hatchability 
percentages get worse and worse and mortality increases. The 
laying period lasts 6-7 months and already at its beginning the 
ostrich hen has almost the totality of follicles. Moreover, since 
all the nutrients required for embryo development are 
prepackaged in the egg prior to laying, worsening of the 
performance could be due to a progressive consumption of some 
nutrients (Angel 1994). 

The supply of nutrients in the egg originates in the diet of 
the hen and from her metabolism. All of the minerals required by 
the developing avian embryo in the egg had to be supplied in the 
diet of the hen (Wilson 1997). In this respect, Richard and 
Miles (2000) essential that breeder diet should be adequate in all 
nutrients to develop the embryo inside the egg normally. A 
deficiency in the diet of the breeder hen affected egg hatchability 
via impaired growth and abnormal development of all major 
organ systems and chick quality. 

 Moreover, several vitamins and minerals such as vitamin 
A, D, E, pantothenic acid, folic acid (vit. B), biotin, riboflavin, 
linolenic acid, manganese, zinc, selenium and calcium were 
implicated in late embryonic mortality or deformities and 
reduced hatchability or in short supply caused embryo mortality 
or deformities at different stage. Hermes (1989) and Angel 
(1993) suggested that short supply of linolenic acid can cause 
embryo mortality or deformity at different stages and effect 
hatchability in ostriches. 
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2-6-NUTRITION AND EGG COMPOSITION 
The design of successful feeding programs for ratites 

(ostriches and emus) is a special challenge to nutritionists and 
production managers. There is little scientifically based 
information on nutrient requirements and efficiency of nutrient 
utilization by ratites. Since the first publication on ostrich 
nutrition appeared in 1913 (Dowsley and Gardiner), a 
considerable amount of research has been conducted on the 
subject in South Africa. Scientific publications on ostrich 
nutrition are, however, scarce since plenty of this information is 
not published in international scientific journals yet. 
Nevertheless, successful feeding programs have been developed 
by using basic physiological and historical information available 
about ostriches and emus combined with knowledge about the 
nutrient requirements of poultry and other species (Sheideler 
1997).  

Angel (1995) reported that knowledge of the nutrient 
content in the egg can be a good tool in evaluating nutritional 
problems in breeder bird diets. In the review done by Brake et. 
al., (1994) and Angel (1996) on the description of nutritional 
diseases and disorders in poultry and found that nutrient 
deficiencies in the egg at laying, ultimately resulting in embryo 
mortality will reduce hatchability. A nutrient deficiency in the 
egg can occur because it is insufficient supply in the maternal 
diet, not absorbed from the diet or not transferred from the 
mother to the egg due to a genetic malfunction. Other factors 
which cause nutrient deficiencies are their presence of toxins in 
the diet and high levels of one nutrient which causes the poor 
absorption of another. Very little is known of the effects of 
nutrient deficiency on hatchability of ostriches eggs.  The avian 
egg is a highly complicated biological system, in which physical 
and chemical characteristics deeply affect incubation process, 
embryo’s development and hatching (Narushin and Romanov 
2002).  In ratites reliable data are still lacking, because of the 
poor standardization of ostrich breeding. Moreover, very little 
research has been carried out regarding ostrich eggs’ nutritional 
profile as indicator of nutritional chick status (Angel 1994). At 
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the present time the extensively researched chicken embryo is 
used as a model for the ostrich. 

2-7- YOLK LIPIDS AND ESSENTIAL FATTY ACIDS  

Yolk lipids are the primary nutrient source for the avian 
embryo (Noble 1986). Lipids represent 30% of the yolk and they 
are the primary nutrient source to assure embryo’s vitality 
(Speake et. al., 1998a). The initial yolk dry mass of an ostrich 
egg is approximately 180 g (Deeming 1997). Thus, a residual 
yolk dry mass of 137 g means that only 24% of the initial yolk 
mass is utilized during the course of embryonic development. 
Lipid supply to the embryo is confined to the yolk whose 
composition is directed through a miscellany of dietary and 
maternal metabolic influences (Griffin et al 1984 and Noble 
1986). The embryo of the chicken develops within a closed 
system, the egg, which contains all the nutrients required for the 
21-days developmental process (Noble and Cocchi 1990).The 
lipid-rich yolk contains the lipid-soluble vitamins E and A, and 
also a range of carotenoids (Griffin et. al.,  1984).  The lipids 
provide a range of essential components for tissue development 
and function and its role in embryo survival and viability (Shand 
et. al., 1993 and Noble et. al., 1996a). The ß-oxidation of fatty 
acids derived from yolk lipids provides the avian embryo with 
more than 90% of the energy required for development. 
(Freeman and Vince 1974) and approximately 50% of the 
initial fatty acid content of the yolk is recovered in the tissue 
lipids of the chick (Lin et. al.,  1991), while the remaining part is 
used for energy production. On the contrary, the carbohydrate 
content of the egg is very low and its contribution to energy 
production is limited to the first few days of embryo’s 
development.  

The yolk of the egg provides fat that is oxidized by the 
embryo to produce energy for development and growth (Noble 
and Cocci 1990; Romanoff 1960). Yolk fat composition and 
The quality of fat available in the yolk is dependant on breeder 
hen diet and the common use of low quality fats (high level 
saturated fats, highly oxidized, low levels of essential fatty acids 
low in antioxidant levels, etc.) in breeder hen diets eggs will 
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reflect the same lipid profile, forcing subsequent embryos to 
utilize poor quality fats for energy production and structural 
membrane synthesis and do not produce an environment 
hospitable to embryo development that relies on fats (Cherian 
et. al., 1996; van Kempen and McComas 2002). Low quality 
fats added to diets of breeder hens as an inexpensive energy 
source may be counteracted with the in ovo administration of 
antioxidants to protect the lipids of the yolk as well as the plasma 
membranes of chicks’ cells from damage. Increased incidence of 
peroxidation of membrane lipids caused by free radical species 
may cause harm to the health of the developing embryo. 
Moreover, providing embryos with exogenous fatty acids may 
allow for increased energy production, as well as allow for more 
polyunsaturated fatty acid accretion in vital tissues during the 
stressful process of hatching. About day 14 of incubation, the 
embryo increases the uptake of fatty acids which may further 
increase the potential for lipid peroxidation to occur (Noble and 
Cocchi 1990; Latour et. al., 2000). As the chick begins pipping, 
the use of the chorioallantoic membrane for respiration begins to 
subside as pulmonary respiration of oxygen occurs, adding to the 
possible presence of radical oxygen species (Garcia et. al., 
1986; Moran 2007). Fats are also essential fuel for the heart and 
for deposition (of polyunsaturated fatty acids (PUFA)) in the 
brain (Cherian and Sim 1992). Day 14 of incubation (the time 
of intense fatty acid oxidation) may reduce the production of 
radical oxygen species that can cause serious damage to the 
highly polyunsaturated fatty acids of cellular membranes 
(Cherian and Sim 1992; Cherian and Sim 1997; Surai et. al., 
1999). 

The yolk lipids are also vital source of phospholipids and 
cholesterol for the biogenesis of cell membranes of the growing 
tissue. Certain tissues of the embryo require large amounts of 
particular long chain highly polyunsaturated fatty acids, in this 
respect (Speake 1999) showed that during development, the 
membrane phospholipids of the different tissues acquire distinct 
fatty acid compositions. For example, the phospholipids of the 
embryo’s brain and retina become highly enriched with 
docosahexaenoic acid (22:6n-3), whereas those of the heart and 
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liver display very high proportions of arachidonic acid (20:4n-6). 
These long-chain polyunsaturates are believed to play essential 
roles in the development and function of the tissues and can 
either be supplied preformed in the yolk or can be synthesized in 
the embryo from their yolk-derived C18 precursors. Thus, 
linoleic (18:2n-6) and a-linolenic (18:3n-3) acids can be 
converted to 20:4n-6 and 22:6n-3, respectively, by elongation 
and desaturation reactions. It is, therefore, evident that the yolk 
lipids must contain polyunsaturates of both the n-6 and n-3 
families in amounts and proportions appropriate for the demands 
of the embryonic tissues.  

The polyunsaturated profile of the yolk varies greatly 
between avian species (Surai et. al., 1999). Fatty acids profile of 
yolk is also largely a reflection of the fatty acid composition of 
the diets, as demonstrated in poultry (Hargis et. al., 1991; Nash 
et. al., 1995; Halle 2001). An adequate knowledge of nutrient 
requirements is quite important to achieve a “correct” yolk lipid 
composition, as deviation from this can pose consequential risks 
to the viability of the embryo (Noble and Cocchi 1989 and 
Noble 1987), and the studies of the nutritive profile of ostrich 
eggs, as a sign of chick’s conditions, can be useful to better 
comprehend these topics. Yolk lipid amount of ostrich eggs do 
not much differ from the other avian species (Sales et. al., 1996), 
but confronted with poultry, ostrich showed difference in fatty 
acid composition. In poultry the most represented 
polyunsaturated fatty acid is linoleic acid and its importance in 
embryo development, particularly embryo’s brain and retina, 
results in a major consideration in diet formulation, while in 
ostrich the predominant polyunsaturated fatty acid is linolenic 
and its content is much greater than in poultry (21.8% vs 1.4%) 
(Leskanich and Noble 1997). 

The essentiality of the polyunsaturated fatty acids of both 
the Linoleic (18:2n6) a member of the omega-6 and α-linolenic 
(18:3n3) a member of the omega-3 for embryo development 
throughout the animal kingdom is being increasingly recognized 
(Noble et. al., 1993; Noble and Cocchi 1989; Noble 1980). As 
opposed to the domesticated chicken in which linoleic acid is the 
predominant polyunsaturated fatty acid of the yolk lipids, in the 
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ostrich under normal conditions i.e., the wild state, linolenic acid 
assumes that role with commensurate reductions in the 
concentrations of both linoleic and oleic acids. For the 
domesticated chicken, both in the egg laying and broiler strains, 
much emphasis is placed on the role of linoleic acid as the major 
polyunsaturate of the yolk and its importance to embryo 
development (Noble and Cocchi 1990) with the result that a 
high linoleic acid concentration has become a major 
consideration in diet formulation for breeding stock. The major 
dietary components of the wild ostrich would suggest a 
considerably greater emphasis on linolenic acid intake. The 
predominance of linolenic acid presently observed in the yolk of 
the wild ostrich is therefore a reflection of its dietary intake. 
Likewise the extensive difference presently observed in the 
linolenic acid concentrations between the yolk of the wild and 
captive ostrich represent a considerable difference in their 
respective dietary fatty acid regimes. Several studies have 
demonstrated that certain avian species maintained in captivity 
produce eggs with markedly different fatty acid profiles than 
those of their counterparts in the wild (Surai et. al., 2001): 
ostriches (Noble et. al., 1996), pheasants and geese (Speake et. 
al., 1999). Linolenic acid in the case of the ostrich, 
polyunsaturated fatty acids are proven to be essential for embryo 
viability (Mead 1971). The large reduction in the concentration 
of n-3 fatty acids presently reported in the eggs of the captive 
ostriches was also associated with reduced hatchability (Noble 
et. al., 1993). Sussi et. al., (2003) reported that n-3 fatty acid 
deficiency affects avian embryo development and ά-linolenic 
acid seems to have a basic role in ostrich.  In contrast, in the 
domesticated chicken, n-3 deficiency results in severe reductions 
in the concentration of docosahexaenoic acid in the brain of the 
newly hatched chick, but does not reduce hatchability 
(Anderson et. al., 1989). 

Watkins (1979) reviewed that Linoleic acid is considered 
to be the only essential fatty acid (EFA) for poultry. Although 
growth and performance data have not shown a need for α-
linolenic acid in poultry, practical feed ingredients should supply 
adequate amounts of EFA for poultry. Nutrients that influence 
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EFA metabolism and eicosanoid formation and possibly EFA 
requirements, should be considered when formulating rations for 
young poultry and breeding stock. Factors that compromise EFA 
status or eicosanoid biosynthesis in poultry may interfere with 
normal development and reproduction. 

It is important to recognize that linoleic acid will not 
substitute for α-linolenic acid in providing n-3 PUFA to tissues. 
The long-chain n-3 PUFA derived from α-linolenic acid are 
present in the retina and nervous tissues (Rezanka 1989). 
Although dietary α-linolenic acid may protect chicks from 
nutritional encephalomalacia induced by vitamin E deficiency 
(Budowski et. al., 1987), an absolute requirement for α-linolenic 
acid in poultry has not been demonstrated.  

Embryonic viability and hatchability are compromised 
during EFA deficiency (Menge 1968). Other EFA deficiency 
symptoms in chicks include retarded growth, increased water 
consumption, reduced resistance to disease, enlarged liver with 
increased lipid content, and an alternation of tissue fatty acid 
composition (Balnave 1970). In males, deficiency symptoms 
also include reduced testes size and delayed development of 
secondary sexual characteristics. In the laying hen, decreased 
egg size, lowered egg weight, and changes in egg yolk fatty acid 
composition result from linoleic acid deficiency. However, 
reproductive failure and increased susceptibility to disease might 
be related more to defective eicosanoid biosynthesis than to 
strictly EFA deficiency.  

The linoleic acid requirement for optimal growth in 
chickens, turkeys and quail is suggested to be 1% of the diet 
(NRC 1984), although Whitehead (1984) reported that 0.8% 
may satisfy growth requirements for chickens. Recommended 
levels for adult poultry are more difficult to assess since tissue 
reserves can be influenced by the composition of rearing rations. 
Moreover, some investigators feel that the laying hen may 
actually have two requirements for linoleic acid: 0.9% for 
physiological purposes, (Balnave 1971), and an additional 2-4% 
for maximum egg size (Whitehead 1984).  

Linoleic acid is important for maintaining the integrity 
and functionality of bio-membranes. The concentration of 
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linoleic acid in the membrane lipids can affect cell receptor 
binding, activity of membrane-bound enzymes, and permeability 
properties of membranes. Hence, linoleic acid is implicated in 
the immune function as an anti-inflammatory compound that 
decreases blood platelet aggregation and can influence cell 
behavior in immune function and nutrient transport mechanisms 
in the intestinal mucosa (Latour et. al., 2000). Another 
polyunsaturated fatty acid (PUFA) of interest is alpha-linolenic 
acid (LNA), the long-chain n-3 (PUFA) required for normal 
development of the brain, nervous tissue and retina. An essential 
omega-3 fatty acid, LNA has been associated with increasing the 
n-3:n-6 ratio of (PUFA) levels in chicks through the maternal 
feeding of diets rich in LNA (Cherian and Sim 2001). High 
levels of LNA affect the activity of liver desaturases which 
ultimately affects the PUFA content of cellular membranes 
increasing the fluidity of cellular plasma membranes (Cherian 
and Sim 2001). 

Clauss et. al., (2003) reviewed that arachidonic (20:4n-6) 
and docosahexaenoic (22:6n-3) acids, the major metabolites of 
the n-6 and n-3 fatty acid families, respectively, are vital 
components of cellular and subcellular membranes. Both acids 
play a prominent role in the control and regulation of crucial 
cellular functions. Dihomogammalinolenic(20:3n-6), arachidonic 
and eicosapentaenoic acid (20:5n-3) are precursors of the 
hormone-like eicosanoids. These are a complex group of 
biologically active compounds which are involved in the control 
and regulation of blood flow, cell-mediated immunity and 
inflammation, insulin release, and reproduction. Linoleic acid 
and ά-linolenic acid, which are the parent compounds of the n-6 
and n-3 fatty acid families, respectively, cannot be synthesised 
by animals and have to be obtained from the diet. The poultry 
diets should provide an adequate level of linoleic and α-linolenic 
acids (Al-Athari and Watkins 1988a). Polyunsaturated fatty 
acid composition of ostrich eggs can be readily manipulated by 
feeding regime (Horbanczuk et. al., 1999). The bird’s 
requirement for essential fatty acids is usually expressed in term 
of linoleic, linolenic and arachidonic acids, which are considered 
the major precursors of prostaglandins and may play an 
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important role in the hatchability process (Mannion et. al., 
1992). 

Noble et. al., (1996b) carried out a comparative study on 
lipid composition of egg yolks  from ostriches reared wholly 
under natural conditions (wild birds), in which hatchability rises 
the 90% and from farmed birds (in captivity), which have a 
worse hatching percentage. The fatty acid profile of the first ones 
was deeply different from the second, in particular linolenic acid 
content was 80% lower in farmed ostrich’s eggs. Considering the 
importance of linoleic acid in poultry (in embryo’s development) 
and supposing a similar role of linolenic acid in ostrich, the same 
authors suggested that ostrich is  a considerably greater emphasis 
on linolenic acid, so low hatchability and neonatal viability 
characteristics of farmed ostriches may be due to inadequate 
amounts of n-3 fatty acids in the yolk. In the eggs from the wild 
ostriches, all the lipid fractions displayed substantial or high 
concentrations of Cl8 polyunsaturated fatty acids, triacylglycerol 
being particularly rich in linolenic acid (21.8 vs 2.73 % ) and 
phospholipid rich in linoleic acid ( 4.08 vs 0.86%); phospholipid 
displayed substantial concentrations also of C20 and C22 
polyunsaturates ( 0.67 and 3.45 vs 0.38 and 2.67%);  Cholesterol 
ester and free fatty acid fractions contained high concentrations 
of both linoleic ( 34.2 and 14.0 vs  22.7 and 10.7%);  and 
linolenic acid ( 21.0 and 13.3 vs 3.41 and 2.55%); Moreover in 
ostriches under farmed conditions, the lipid fractions all 
displayed large compensatory increases in their concentrations of 
oleic, stearic,  palmitic and consequently palmitoleic acid  

Noble et. al., (1996) and Surai et. al., (2001) 
demonstrated that in  eggs  containing  decreased  proportions  of  
n-3  fatty  acids increased  incidence  of  embryonic  mortality. 
Mounting evidence indicates that commercial diets formulated 
for captive birds tend to elevate the n-6/n-3 fatty acid ratio in 
eggs as compared to that, which is found in the eggs of wild 
birds of the same species (Maldjian et. al., 1996; Speake et. al., 
1999; Surai et. al., 2001).    This  shift  in  yolk  fatty  acid  
profile  suggests  that  the  amounts  and  proportions  of  
polyunsaturates  in  the  yolk  of  captive  birds  may  not  be  
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sufficient  to  meet  the  demands  of  developing  embryonic 
tissues (Surai et. al., 2001) and diminish embryonic viability.   
 
2-8- OSTRICH EMBRYONIC DEVELOPMENT    
        DURING  INCUBATION 

Ostrich farming has spread worldwide recently, and the 
growing interest in the ostrich as a farmed bird has led to more 
extensive studies of its biology (Deeming 1996 and 
Huchzermeyer 1998). Nevertheless, the embryonic 
development, which is a major aspect of both ostrich biology and 
successful ostrich farming, is poorly studied (Deeming 1997). 
Successful avian embryonic development is essential to poultry 
industry profitability (Schaal and Cherian 2007). It was found 
that most ostrich embryos had died mostly in the final stage of 
embryogenesis. Unfortunately, very little is known about the 
stages of embryogenesis, patterns of embryonic mortality and 
related problems in the ostrich (Brand et. al., 1998; 
Horbańczuk 2000; Sahan 2002; Szczerbińska 2002). The poor 
understanding of the pattern of embryonic development 
especially during hatching acts as limiting factors in the 
expansion of the ostrich industry worldwide (Deeming and 
Ayres 1995; Deeming 1995; 1995a, b and Szczerbińska 2002). 

The embryonic chick develops within a closed system, 
utilizing nutrients that are pre-packaged in the egg prior to lay. 
Therefore, maternal nutrient input has a great impact on the 
physiology of the development of the chick, all nutrients must be 
present in the egg to sustain embryonic development by the time 
the egg is laid (Fasenko 2007). Moran (2007) presented a 
comprehensive review on the development of the avian embryo. 
During the early stages of incubation, avian embryos depend on 
glucose as their energy source (Romanoff 1967; Moran 2007), 
and then they switch to fatty acids once choriallantoic respiration 
is established (Donaldson and Christensen 1991; Moran 
2007). According to Christensen et. al., (1996), yolk fatty acids 
supply 90% of nutrients for tissue growth, but when the embryo 
reaches its maximum size, oxygen supply also reaches a plateau 
stage initiating a cascade of events to prepare the embryo for 
emergence (Christensen et. al., 1999). At this point, the 
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amniotic fluid is orally consumed (Moran 2007), providing 
substrate for gluconeogenesis (Donaldson 1995), so glycogen 
can be stored in liver and muscle tissues (Christensen et. al., 
2003 and Uni et. al., 2005). The ability to use glycogen reserves 
respectively in liver and pectoral muscle during the last 3 days of 
incubation has been positively correlated to thyroid hormone 
levels (De Oliveira 2007). Christensen et. al., (2003) observed 
embryos and hatchlings with low levels of T3 were not able to 
utilize their energy reserves even when liver and muscle 
glycogen was plentiful. These glycogen reserves will be the 
embryo’s sole energy supply during hatching (Romanoff 1967; 
Donaldson 1995; Moran 2007), since the choriallantois is 
detached from the shell during pipping, limiting oxygen supply 
and lipid catabolism (Moran 2007). Even after hatch, 
gluconeogenesis and glycogenolysis will continue to be the 
poult’s glucose source until feed is consumed (Peebles et. al., 
2006). The liver is especially important because it is the 
embryo’s largest glycogen reserve (Romanoff 1967), and in 
contrast to muscle, the liver has all the dephosphorylation 
enzymes necessary to mobilize glucose to other tissues 
(Matthews and Holde 1990). This means that glucose derived 
from muscle glycogen can only be used locally, while liver 
glucose can be mobilized for use in other body tissues.  Fatty 
acids are already stored in egg yolk as triacylglycerol and 
phospholipids to be used for energy and membrane synthesis. 
Essential fatty acids are preserved for cell membrane synthesis 
while saturated fatty acids are consumed to sustain the increasing 
caloric needs of formed tissues. A relatively great amount of 
energy is used to sustain embryonic pipping movements to break 
the shell, and body rotation. Beta oxidation is a very important 
means to produce energy during incubation, but it is inhibited 
prior to hatch because of the limited oxygen supply and little 
triacylglycerol left in the yolk. Shell piercing is achieved by the 
coordination of pipping muscle movements and the egg tooth of 
the beak. The pipping or hatching muscle is a specialized muscle 
located in the back of the head. Hatching muscle fibers are 
exclusively anaerobic and relay on glycogen stored there 
previously. It also has a special nervous system to coordinate its 
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movements. External air access now provides enough oxygen for 
oxidation of fatty acids and lactate recovery in the liver. At this 
point the choriallantois can not longer extract calcium from the 
shell, so calcium mobilization begins from HDL granules. The 
embryo continues breaking the shell, rotating and using the feet 
to push until it is free from the shell (Moran 2007). The blood 
vessels linking the navel to the shell membrane are detached, and 
the hatching process is over. In the process of glycogen 
accumulation, glucose is taken in greater amounts by tissues that 
are active during hatching, like the hatching muscle, pectoral 
muscle and the heart. The complexus muscle (hatching muscle), 
located in the back of the neck right below the skull, is 
responsible for pulling the head back so the beak can break the 
membranes and the shell (John et. al., 1987 and Moran 2007). 
This muscle grows larger in size right before internal pipping, 
and shrinks after a couple days post-hatch (John et. al., 1987). It 
swells due to water and glycogen granules accumulation, and 
most of its muscle fibers are exclusively glycolytic (John et. al., 
1987 and Moran 2007). Stress conditions, such as low oxygen 
levels and high temperatures, during late incubation can cause 
embryos to hatch earlier. Before hatch, the hatchling’s full body 
size is reached, and its vital organ systems (e.g. respiratory and 
digestive systems) must become functional (Moran 2007). At 
that same time, the embryo is engaging in the process of 
hatching. Because nutrients available to the embryo are very 
limited just before hatch, an amazingly orchestrated sequence of 
metabolic changes within a very short time. These metabolic 
changes determine which pathway will be active, depending on 
substrate and oxygen availability. Little is known about how 
these metabolic events occur and how they can be modified by 
management and nutritional interventions. Thus, it is necessary 
to understand intermediatry metabolism of the late-term embryo 
before one can understand the impact in ovo feeding certain 
nutrients or compounds. The allantoic fluid will be reabsorbed 
only before internal pipping; so the allantoic fluid will be part of 
the amnion consumed by the embryo. Hoyt (1979)  Anything 
that results in amnion reduction will also result in smaller 
glycogen reserves, causing embryos to struggle to hatch due to 
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lack of energy. If embryos deplete their energy stores, they may 
die during internal or external pipping stages. Extensive 
embryonic mortality is usually observed in turkeys between 
pipping and emergence (Christensen et. al., 1993 and Foye et. 
al., 2006). Although some embryos may hatch, they have very 
low energy status and they are weak and dehydrated. Weak and 
dehydrated poults are very common in turkey operations, 
resulting in higher mortality during brooding (Christensen et. 
al., 2003).  

It was found that most ostrich embryos had died mostly in 
the final stage of embryogenesis. High mortality rate of ostrich 
embryos in last 7-14 days of incubation has been already 
observed (Brown et. al., 1996). Most of the ostrich embryos 
(85.7%) that died in the late stage of embryogenesis and died 
closely before the hatching showed jelly-like swellings 
(oedemas) of the head and limbs, which would point at 
disturbances in water evaporation process from the egg. In 
addition developmental malformations were found within its 
head: deformed cranium with cerebral haemispheres 
(exencephaly), lack of cranial covers, lack of eyes 
(anophthalmia), and abnormally developed beak (beak 
malformations), with the upper sheath clearly shorter than the 
lower. These anomalies are most frequently of genetic 
background, on the other hand they may however be also a result 
of improper feeding of parental flocks (Rockwell et. al., 2003 
and Wilson 2004). Avian embryonic mortality has long been a 
subject of biological interest. It is also a problem of obvious 
economic importance. Problems of egg quality, hatching 
technology and embryonic development of the economically 
most important domestic birds are relatively well understood and 
described. On the other hand, there is no information on the 
stages of embryogenesis and related problems in the ostrich.  

Although ostriches have been of economic importance for 
many years, data relating to their basic hematological and 
clinical parameters are lacking (Šimpraga et. al., 2004). In this 
respect, Levi et. al., (1989a,b) reported the lack of 
hematological data relating the normal values of ostriches in 
relation to age, sex and husbandry conditions. Bouda et. al., 
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(2009) reported that ostriches have been widely farmed in many 
countries and as in other domestic animals, knowledge of normal 
hematological values and other blood biochemical values are 
important for nutritional studies, for monitoring health and for 
appropriate diagnosis and treatment of disease.  

 
Lack of published papers dealing with hematological 

parameters, blood chemistry values in ostrich embryos and yolk 
fatty acids profile during embryogenesis  was incentive to me to 
make this study and to better understand to the ostrich embryonic 
development lead the scientists to solve two of the major 
problems facing ostrich farming, namely: 1- embryonic mortality 
which reduced hatchability, 2- low chick survival at the initial 
stage of rearing as the major factors affecting ostrich production. 
Measurement of hematological parameters provides valuable 
information for evaluation of health status of animals, and for 
prevention of diseases (Talebi et. al., 2005). Blood biochemistry 
analysis is a common tool for the early diagnosis and correction 
of nutritional and metabolic disorders (Miranda et. al., 2008). 
The present study provides a more comprehensive picture of 
hematological and biochemical data of ostrich embryo at 
different ages. Therefore, it is important to establish 
hematological reference and plasma chemistry values in embryo 
ostrich in order to have baseline information. 

2-9-IN OVO FEEDING  

Hatchability of ostrich eggs has not increased over the last 
twenty years. The lack of improved hatchability of ostrich eggs 
over the last twenty years may be associated with various factors 
including diet of the breeder hen. One of the major obstacles of 
ostrich industry in the world is the limited Knowledge of its 
nutrient requirements, (Scheideler 1997). Very little research 
works has been done on the effect of vitamins on ostrich 
performance. The design of successful feeding programs for 
ostriches is a special challenge to nutritionists and production 
managers. There is a little scientific information on nutrient 
requirements and efficiency of nutrient utilization by ostriches. 
Since the first publication on ostrich nutrition which appeared in 
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1913 (Dowsley and Gardiner).Plenty of the scientific 
publications on ostrich nutrition are not published in 
international scientific journals yet. Most of ostrich feeding 
programs depends on basic physiological and historical 
information available about the nutrient requirements of poultry 
and other species. The egg is a “closed nutrition” system once it 
is laid by the hen. All the nutrients, including vitamins and 
minerals necessary to support complete embryonic development 
and viable chick are packaged inside the shell at the time of its 
formation (Latour et al 1997). Nutrients deposited in the egg by 
the hen determine success of embryo development and hatching 
of a healthy chick (Vieira 2007). High mortality during the 
second week of chicken embryos suggests nutrient deficiencies 
in hens' diets (Leeson et. al., 1979).   

Advancing the use of in ovo technology has become a 
“hot spot” in research today. Beyond vaccines, any number of 
nutrients or compounds can be provided to the developing 
embryo via this route of administration. In ovo injections have 
created new opportunities to improve the health and 
development of broiler chickens. Employing the same 
technology as with vaccination, it is possible to provide 
developing embryos with exogenous nutrients in a process 
developed by Uni and Ferket (2003) known as “in ovo 

feeding”. Supplying embryos with exogenous nutrients in ovo 

may improve hatchability, increase hatched chick weight, and/or 
the final body weight of broilers through modulating embryo gut 
morphology (Uni and Ferket 2003). For example, Eggs from 
breeders fed biotin-deficient diets produced healthy embryos 
after the eggs were injected with biotin between 72 and 96 hours 
of incubation. Also, and injection of turkey eggs with biotin, 
folic acid, and pyridoxine improved hatchability of fertile eggs 
(Robel 2002). Improving the energy availability for the 
developing embryo and protecting the cellular membranes and 
fatty acid reserves from peroxidation may improve the embryo’s 
ability to hatch and to perform to its genetic potential.  If 
beneficial effects of in ovo feeding are determined, they may be 
readily adapted into the industry through existing hatchery 
infrastructure. The ability to improve any of these economic 
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traits or improve livability and performance of birds may lead to 
increased returns and efficiency for the industry.  

In ovo feeding (IOF) embryos with nutrients into the 
amnion prior to hatch was proposed by Uni and Ferket (2003) 
to increase chick quality and to improve survival during the 
neonatal period. In ovo feeding  nutrients will supply the embryo 
with extra substrate for glycogen storage , tissue growth and 
improving chick quality, performance and survivability (Foye et. 
al., 2006). Uni and Ferket (2004) showed that feeding the 
embryo before hatch by in ovo administration would be expected 
to enhance hatchability, effectively helps hatchlings in their 
struggle to emerge from the shell, and development of the 
digestive tract, and increase body weight and nutritional status of 
the hatchling. The advantage of in ovo feeding over early feeding 
is the possibility of helping the struggling embryos to hatch.  
Foye (2005) found that high turkey embryonic mortality during 
the late stages of incubation has been identified, to occur 
between internal pipping and egg emergence. Also, 
(Christensen et. al., 2003; Uni and Ferket 2004 and Moran 
2007) reported that turkey chicks face many challenges during 
late-term incubation, including internal and external pipping, 
until they finally hatch (Donaldson et. al., 1991). Many 
problems identified with these embryos are associated to a low 
energy status (Christensen et. al., 1996; Uni et. al., 2005; Uni 
et. al., 2006). Depleted energy reserves can result in poor quality 
chicks, stunted growth, or death during hatch or at the first days 
post-hatch (Uni and Ferket 2004). Feeding embryos in ovo was 
suggested as a way to help embryos overcome these challenges 
by adding nutrients to the amniotic fluid that will be orally 
consumed prior to internal pipping (Uni and Ferket 2003). 
Previous studies demonstrated that IOF can enhance energy 
status (Uni et. al., 2005; Foye et. al., 2006), promote 
gastrointestinal/gut maturation of developing embryos through 
improvements in morphology and mucus production (Smirnov 
et. al., 2006; Uni et. al., 2006).  

The ostrich like turkey is more prone to perinatal 
problems than chickens because of they have a thicker egg shell 
(lower conductance) (2.5, 0.44 versus 0.3 thick in chickens), 
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longer incubation period (42, 28 versus 21 days in chickens), and 
longer hatching window (exacerbated by longer storage since 
less eggs are available). These disadvantages often increase the 
incidence of weak ostrich chicks and poults by the time of 
placement, resulting in 2-5% mortality and during brooding 
phase (Christensen et. al., 2003c; Uni and Ferket 2004; 
Nashat 2005). Moreover, mortality of ostrich chicks which 
required no assistance to hatch was 9.8% compared with 75% for 
chicks helped to externally pip (Deeming and Ayers 1994). 
Because ostrich chicks and turkey poults are more difficult to 
hatch and brood than chickens, early development has been a 
focused area of research (Uni and Ferket 2004). Early feeding 
stimulates gastrointestinal motility and use of yolk sac nutrients 
necessary for growth (Noy and Sklan 2001). 
 
2-9-1-The Effect of In ovo Feeding of Vitamin D3  on   
          Hatchability   

Vitamins are the most important feed additives in poultry 
diets. Because active form of vitamin D3 is a calcitrupic hormone 
involved in Ca absorption in the intestine and has a major 
regulatory role in bone metabolism and bone strength, it is 
widely used as a feed supplementation (Newman and Leeson 
1999). Beside it vitamins B6, C and K are integral to bone health 
because of their involvement in the synthesis of matrix 
constituents, such as collagen and osteocalcin and formation of 
collagen cross links (Weber 1999).  

Vitamin D3 is now considered a pro-hormone and its 
biological activities are in a great majority due to its hormonally 
active derivative 1α, 25-dihydroxyvitamin D3 (Cancelaa et. al., 
1988).  Vitamin  content of the eggs is an important factor in the 
calcium metabolism of the developing embryo, and feeding the 
hen inadequate vitamin D3 results in reduced hatchability 
(Edward 1995). The essentiality of vitamin D3 for normal 
embryonic development in chickens demonstrated early in this 
century. Hart et. al., (1925) produced vitamin D3-deficient hens 
that laid eggs with a lowered hatchability. By 8 wk of deficiency, 
all eggs failed to hatch, whereas 66% of the eggs from normal 
hens hatched. The unhatched embryos contained half the calcium 
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of the hatching embryos (77 vs. 156 mg), suggesting a defect in 
calcium transport from the shell to the embryo. This observation 
therefore linked the absence of vitamin D3 with a decrease in the 
amount of calcium in the embryos and established vitamin D3 as 
being necessary for normal embryonic development in chickens. 
Subsequent investigations revealed that increasing amounts of 
vitamin D3 to laying hens diet improved embryonic development 
and thus hatchability of their eggs and delayed the onset of 
rickets in the hatched chicks (Bethke et. al., 1936). Stevens et. 
al., (1984) and Stevens and Blair (1985) found that hens fed 
low or  no supplemented diets with vitamin D3 did not have 
adequate amounts of the vitamin  to transport to the egg for 
normal embryonic development and  significantly reduced the 
hatchability. Esam and Ibrahim (2007) stated that increasing 
levels of vitamin D3 in maternal chicken diets from 300 IU up to 
1200 IU/kg feed was effective in improving hatchability due to 
lowest embryonic mortality. Also, Atencio et. al., (2006) 
demonstrated that a higher doses of vitamin D3 in the hen diet 
increased hatchability. 

Narbaitz et al (1987) and Richards (1996) reported that 
the vitamin D metabolites (1, 25(OH)2D3) are required by the  
chicken embryo in order to mobilize calcium from the shell, and 
decreased hatchability in vitamin D-deficient embryos is related 
to a defect in calcium mobilization from the shell. 75% of the 
total body calcium of newly hatched chicks was obtained from 
the eggshell. Also, vitamin D3 has an important role to chicken 
embryonic development in the regulating mobilization of egg 
yolk calcium by the yolk sac. The yolk and the shell are the two 
major sources of calcium for the developing chick embryo. The 
yolk, which contains 28 mg of calcium, supplies most of the 
calcium during the first 10-12 days of development. After 12 
days, the shell that contains 2g of calcium in the form of calcium 
carbonate becomes increasingly important in providing calcium 
to the developing embryo, by the time of hatching; the shell had 
provided over 130 mg of calcium to the embryo. The chick 
embryonic yolk sac is a genuine target tissue of 1, 25-dihydroxy 
vitamin D3. During normal chick embryonic development, 
vitamin D3 is involved in regulating yolk calcium mobilization 
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(Ono and Tuan 1991; Tuan et. al., 1991; Lee and Clark 
1993).  

Calcitriol treatment of chick embryos enhanced calcium 
uptake by the yolk sac as measured in vivo (Tuan and Ono 
1986) and in vitro (Lee and Clark 1993).  

Elaroussi et. al., (1994) reported that 1,25-Dihydroxy 
vitamin D3 (1,25-(OH)2D3) is essential for the dissolution and/or 
transport of eggshell calcium to the embryo across the 
chorioallantoic membrane. The later contains the vitamin D3 
receptor that increases following 1,25-(OH)2D3 injection into 
embryos at day 10 of incubation. One mechanism of action of 
vitamin D3 in the mobilization of eggshell calcium is the 
activation of carbonic anhydrase that acidifies the calcium 
carbonate shell. They showed that, a single injection of 100 ng of 
1,25-(OH)2D3 into vitamin D3-deficient quail eggs at day 10 of 
incubation resulted in a significant increase in both body and 
yolk calcium. This is accompanied by an increase in carbonic 
anhydrase from low levels in deficiency to normal levels.  

Turner et. al., (1987) and Bishop and Norman (1975) 
indicated that the renal 25-OH-cholecalciferol-1-hydroxylase, 
which is capable of producing 1, 25(OH)2D3 in the chick embryo 
exhibited activity  early at day 9  of incubation and showed a 
large capacity of the enzyme activity increases 6-fold to a 
maximal level which occurs on the day of hatching for regulation 
in response to changes in calcium metabolism. They showed that 
1,25(OH)2D3    is made by embryonic chick  kidneys and is found 
in low levels in embryonic chick intestine and kidney 
significantly at day 17 before hatch. 

Vitamin D3 is normally metabolized in chick embryos to 
25(0H)D3, 1, 25(0H)2D3, and 24, 25(0H)2D3  (Bishop and 
Norman 1975). Receptors for 1, 25(0H)2D3 appear at 12 days of 
incubation in the chorioallantoic membrane and increase 
thereafter until 19 days of embryonic life  (Coty  et. al., (1981). 
Consistent with this is an increase in active transport of calcium 
across the chorioallantoic membrane (Terepka et. al., 1969) that 
correlates with the appearance of a calcium binding protein 
(Tuan and Scott 1977). Thus, it appears but has not been proved 
that the calcium transport across the chorioallantoic membrane is 
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a vitamin D3-dependent process. Because eggs from hens given 
1, 25(0H)2D3 reflect a vitamin D3-deficient state, it appears that 
either 1, 25(0H)2D3 is not transferred from hen to egg, or if it is 
transferred, it is metabolized early in embryonic life and is no 
longer present when needed.  

A number of studies have clearly demonstrated the 
importance and role of vitamin D3 in chick embryonic 
development. The presence of cholecalciferol in eggs is very 
important to support the embryo Ca metabolism during 
incubation. Therefore, excess or deficiency of this vitamin can 
lead to reduced hatchability, which can be specially related to 
late embryo mortality (Narbaitz et. al., 1987; Narbaitz and 
Tsang 1989). Hart and DeLuca 1985; Narbaitz and Tsang 
1989 ; Tuan and Suyama 1996 demonstrated a sharp decrease 
in hatchability in embryos from vitamin D3 deficient  hens  and 
exhibited hypocalcemia, hyperphosphatemia and under 
mineralized skeleton. They showed that the developing yolk sac 
exhibits vitamin D3 responsiveness as early as day3 of 
incubation, suggesting that vitamin D3 may be important for 
early embryogenesis. In this respect, Elaroussi et al (1988) 
investigated the effect of vitamin D3 deficiency on mineral 
homeostasis in Japanese quail embryos and noted that the -D3 
embryos from 1,25(OH)2D3-fed hens became progressively 
calcium deficient, as documented by hypocalcemia, 
hyperphosphatemia and reduced calcium accumulation by  the 
skeleton, yolk sac, and allantoic fluid. Moreover, they added 
that, plasma phosphate was progressively elevated between days 
11 and 15. In contrast, calcium accumulation by the skeleton, 
yolk sac, and allantoic fluid increased between days 12 and 15 in 
+D3 embryos which may be due to the increase in activity of 
renal 25(OH)D3-1-hydroxylase between days 11 and 13. 

Bird skeletal development starts at day one of incubation 
with the use of minerals from the eggshell by the embryo (Tuan 
et. al., 1986), a process directly dependant on the presence of 
nutrients such as calcium, phosphorus and vitamin D3 in the egg 
(Narbaitz et. al., 1980). Therefore, broiler breeder nutrition, 
besides supporting hen requirements, should supply minerals for 
the embryo. Vitamin D3 is preferably deposited in the yolk in the 
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form of vitamin D3 as compared to D2. The efficiency of vitamin 
D3 deposition in the yolk is around 2.2 times higher than D2 
(Mattila et. al., 2004). Alternative sources of vitamin D3, such 
as 1.25(OH)2D3 and 25(OH) D3, may benefit broiler skeletal 
development as well as eggshell quality since this vitamin is 
directly involved in Ca and P homeostasis (Norman1987). The 
form 1.25(OH)2D3 has activity ten fold greater than vitamin D3 

itself. However, its supplementation as the only source of 
vitamin D has demonstrated a reduced transference into eggs 
(Narbaitz et. al., 1987 and Hart et. al., 1986). The form 
25(OH) D3 has activity twofold greater than vitamin D3 and 
presents favorable characteristics in terms of absorption by the 
intestinal cells when compared to cholecalciferol (Teergarden 
et. al., 2000). Ameenuddin et. al., 1982; Soares et. al.,  1995 
and Aslam 1998 affirmed that The metabolite 25(OH) D3 is the 
hydroxilated form of vitamin D3 with the highest ability to be 
transported into eggs, which lead to reduced incidences of 
progeny skeletal disorders and better immunity and hatchability 
parameters Therefore, it is capable of supporting high 
hatchability and embryo development when fed as the only 
source of vitamin D3.  Therefore, this form of vitamin D3 should 
have an important concomitant effect for breeders as well as for 
the resulting embryo. Also, Torres et. al., (2009) reported that 
cholecalciferol is the routinely used form of vitamin D3 
supplemented in broiler breeder feeds. The 25(OH) D3 form 
presents higher polarity compared to the usual D3, therefore it is 
expected to have a higher absorption plateau and it is also 
expected to lead to higher intestinal Ca absorption. Whitehead 
(2007) showed that 1,25-D3 itself is poorly incorporated into 
eggs and feeding only this form of vitamin D3 to hens does not 
sustain hatchability.  Further injections of 1,25-D3 into eggs only 
partially restores hatchability and there is evidence that another 
di-hydroxylated metabolite, 24,25-dihydroxy vitamin D3, is 
needed in addition to 1,25-D3 for full hatchability. Thus, both 
cholecalciferol and 25-D3 in the diet of the hen can meet the full 
needs of the hatching chick for vitamin D. Ameenuddin et. al., 
(1983) and Hart and Deluca (1984) showed that the 
administration of 1,25-dihydroxy vitamin D3 [1, 25(0H)2D3] to 



 

 

 37

laying hens as their sole source of vitamin D3 does not support 
normal embryonic development, whereas 25hydroxy vitamin D3 
[25(OH)2D3] does and produces normal  hatchability in chickens. 
Moreover, they reported that injecting the affected eggs 
(embryos with a defective upper mandible) from the 1, 25-
dihydroxy vitamin D3 fed hens with vitamin D3, 25-hydroxy 
vitamin D3, or 1, 25-dihydroxy vitamin D3 greatly increases the 
percentage of normal embryos. They concluded that 1,25-
dihydroxy vitamin D3 is not transferred from hen to egg in 
sufficient amounts to support embryonic development and that 
vitamin D3 or its metabolites, or both, are necessary for normal 
chick embryo development.  Norman et. al., (1983) reported 
that the combined and simultaneous administration of the 
cholecalciferol (D3) metabolites [1, 25(0H)2D3] and 24R,25-
dihydroxycholecalciferol [24R,25(OH)2D3] to White Leghorn 
hens was necessary for embryo development and normal egg 
hatchability; in the absence of 24R,25(OH) 2D3, none of the 
fertile eggs hatched.  

In ovo administration of cholecalciferol supporting 
sustained development of the skeleton, mobilization of shell 
calcium, and prevention of hypocalcemia, probably because 
cholecalciferol is utilized slowly as needed to support 
development of the chick skeleton (Elaroussi et. al., 1993). 
Ameenuddin et. al., (1983) observed that injections of 0.20 
micrograms/egg of 1,25-dihydroxy vitamin D3 or 0.60 
micrograms/egg 25-hydroxy vitamin D3 prior to incubation 
resulted in significant improvement in embryonic mortality, they 
indicated that 1,25-dihydroxy vitamin D3 may be more active in 
supporting embryonic survivability when delivered directly by 
injection. Narbaitz and Tsang (1989) reported that injection of 
10 ng calcitriol, 1 microgram 24,25-(OH)2D3, or 2 micrograms 
25OHD3 to vitamin D3-deficient chicken embryos on the 14th 
day of incubation improved hatchability, bone and muscle 
weights, and both bone mineralization and resorption than in the 
controls. Elaroussi et. al., (1993) found that vitamin D3-
deficient (-D3) Japanese quail embryos [from hens fed 1,25-
dihydroxycholecalciferol (1,25-(OH)2D3)] die at Day 15 of 
incubation from severe calcium deficiency. Single doses of 125 
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to 1,250ng cholecalciferol, 600ng 24,25-
dihydroxycholecalciferol [24,25-(OH)2D3], or 100ng 1,25-(OH) 

2D3 per egg  were found to increase hatchability when injected 
into eggs prior to incubation.  

 
2-9-2-The Effect of In ovo Feeding of Pyridoxine on  
         Hatchability   

Pyridoxine (vitamin B6) is a water-soluble vitamin 
(Bender 1999), this is important from a nutritional standpoint, 
because the water-soluble vitamins are not stored to any extent in 
the body. Therefore, a constant supply must be provided in the 
maternal diet to be deposited in adequate quantities in the 
hatching egg for future offspring consumption (Stevens 1991). 
Any deficiency results in embryonic growth retardation that 
leads to its death and eventually results in poor hatchability. This 
is due to the important functions that it involved in the 
metabolism of protein, lipids, phospholipids, fatty acid, 
cholesterol and carbohydrates (Squires and Naber 1993). Also, 
it is required in several enzymes, particularly those involved in 
red blood cell formation transamination, decarboxylation, 
desulfuration and amine oxidation of amino acids, the 
coenzymes are in the form of pyridoxal phosphate and 
pyridoxamine phosphate, and they play an essential role in 
muscle phosphorylase activity and play an essential role in 
amino acid interaction and/ or transport; in nucleic acid synthesis 
via the production of active formaldehyde and has an important 
role in the actions of steroid hormones. The deficiency of 
vitamin B6 reduces the oxidation of linolenate (Maranesi et. al., 
1993 and Pregnolato et. al., 1994). Administration of 
pyridoxine stimulated the conversion of linoleate to arachidonate 
(John et. al., 1961). Bender (1989) reported that, the principal 
metabolic function of vitamin B6 is in amino acid metabolism, 
although the greater part of the body's vitamin B6 is in the 
muscles. Moreover, vitamin B6 requirements highly relative to 
protein intake. Okada et. al., (1998) confirmed that the function 
of pyridoxine in amino acid metabolism is reflected in an 
increased requirement when high levels of protein are fed.  
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Pyridoxine - deficient chicks show depressed appetite, 
poor growth and food consumption, hyper excitability, 
weakness, microcytic hypochromic anemia, convulsion, and 
death perosis, toe deviations and also produces characteristic 
nervous symptoms which play an important role in jerkey, 
movements of the legs when walking and often undergo extreme 
spasmodic convulsions that usually terminate in death (Calnek 
et. al., 1997 and Yang and Jenq 1998). During these 
convulsion chicks run aimlessly about, flapping their wings and 
failing to their sides or rolling completely over on their backs, 
reduced head down where they perform rapid jerking motions 
with their feet and heads. These signs may be distinguished from 
those of encephalomalacia (vitamin E deficiency) by the 
relatively greater intensity of activity of the chicks during a 
seizure, which results in complete exhaustion and often death. 
Moreover, pyridoxine deficiency lead to early embryonic death 
(Landauer 1967) and decreased IgM and IgG response to 
antibody challenge (Blalock et. al., 1984). Joseph et. al., (1967) 
studied the effects of pyridoxine deficiency on the lymphatic 
organs and selected blood components in the neonatal chicken 
and found a significant atrophy in the spleen, thymus and bursa 
as well as a microcytic p spleen olychromatic hypochromic 
anemia. However, total serum proteins and albumin 
concentration was significantly lower than normal. 

Joseph et. al., (1967) reported that vitamin B6 deficiency 
in the young chick depresses erythrocytopoiesis and hemoglobin 
synthesis. Preliminary investigations have revealed that 
environmental stress, presence of vitamin binding proteins and 
increasing the age of the hen may be factors in pyridoxine 
deficiency (Robel 1983). 

In adult birds, pyridoxine deficiency reduced egg 
production, hatchability, feed consumption and increased 
abnormal feathering weight loss, and death.  There was a lack 
of/or minor effect of dietary pyridoxine on the transfer of 
vitamin B6, for hatchability of turkey eggs (Roble and 
Christensen 1992). Egg injection of pyridoxine was vital for 
increasing hatchability even though the hen's diet was amply 
supplemented with pyridoxine (Robel 2002).  Robel (2002) and 
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Robel and Christensen (1991) reported that the injection of 
turkey eggs with 600 µg/egg pyridoxine (B6) at 25day of 
incubation period resulted in approximately 4.6 higher 
hatchability than the control (non-injected). In spite of, the 
turkey breeder had received in their diet more than twice the 
concentration of pyridoxine estimated as the requirement by the 
national research council. York et. al., (2004) and Bhanja et. 
al., (2007) reported that the injection of chicken eggs with 100 
µg /egg pyridoxine (B6) at14 day of incubation period resulted 
in apparently higher hatchability (81.5%) than in un-injected 
control (80%). Elaroussi et. al., (2003) reported that the 
injection of quail eggs with 10 mg/egg  pyridoxine (B6) at 7th 
day of incubation period resulted in improving hatchability 
(86.7%) compared to (75.8) control (non-injected). Also, 
Elsayed et. al., (2010) reported that the injection of quail eggs 
with 120 µg /egg pyridoxine (B6) before incubation resulted in 
apparently higher hatchability (89.0 %) than in un-injected 
control (79.9 %). 

 
2-9-3-The Effect of In ovo Feeding of Biotin on Hatchability             

Biotin is another important water-soluble vitamin, it is a 
cofactor in carboxylation and decarboxylation reactions 
involving fixation of carbon dioxide. These reactions have 
important roles in anabolic processes and in nitrogen metabolism 
(Calnek et. al., 1997). 

Perosis and various other abnormalities of the tibia are 
signs of biotin hypovitaminosis in growing chickens and turkeys 
(Bain et. al., 1988). Changes in tibial concentrations of fatty 
acids that are prostaglandin precursors correlate with bone 
abnormalities in Biotin-deficient chicks, suggesting that altered 
prostaglandin synthesis may be a contributing factor in altered 
bone modeling patterns of the tibiotarsus in biotin deficiency 
(Watkins et. al., 1989). 
 Biotin bioavailability for chickens and turkeys varies 
greatly among practical feed ingredients (Misir and Blair1988). 
This observation takes an important consideration in formulating 
diets to satisfy the poultry biotin requirements. High dietary 
protein or fat increases the signs of biotin deficiency (Pearce 
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and Balnave 1978), Fatty liver and kidney syndrome is a biotin 
responsive condition that has been observed.  

Robel (1987) reported that, as a result of certain field 
stress factors, certain breeder turkey hens experience hormonal 
imbalance which causes significantly high levels of avidin to be 
deposited into the albumenous portion of the egg. Avidin, which 
is a glycoprotein secreted in the magnum region of the hen 
oviduct, is hormonally induced and binds with biotin, rendering 
the nutrient to be unavailable for use. During the initial stages of 
development, the embryos are not adversely affected by the high 
levels of avidin because the yolk, which is protected by the yolk 
sac, provides a sufficient supply of free biotin for normal 
development. Following the second quarter of the incubation 
period, approximately (15-16 days), the yolk sac ruptures, and 
the avidin-rich albumen passes progressively into the yolk. At 
this point, a biotin deficiency occurs within the eggs as the high 
concentration of avidin makes biotin unavailable to the embryo 
by forming an avidin-biotin complex.  

Biotin is vitamin with important characteristics due to the 
presence of the inhibitors avidin and ovoflavoprotein in egg 
albumen, which affects biotin levels or biotin availability in the 
egg, and its availability to the embryo, and may affect egg 
hatchability (Vieira 2007). 

Robel (1987) found that by injecting the avidin-rich eggs 
with exogenous D-biotin in an inert liquid carrier after at least 23 
days of incubation, the hatch rate increased up to 5%. Embryo 
responses to supplementation of this vitamin in hen diets, as well 
as after in ovo injection, are very rapid (Couch et. al., 1949; 
Robel and Christensen 1987). Eggs from breeders fed biotin-
deficient diets produced healthy embryos after the eggs were 
injected with biotin between 72 and 96 hours of incubation 
(Couch et. al., 1948).  In ovo injection of turkey eggs with biotin 
improved hatchability of fertile eggs (Robel 2002). Robel and 
Christensen (1987) reported that the injection of turkey eggs 
with 87 µg /egg D-biotin at 25day of incubation period resulted 
in approximately 4-5% higher hatchability than the control (non-
injected).  
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Biotin has been suspected of having a role in "acute death 
syndrome" or "sudden death syndrome" in broiler chickens, 
because the concentration of biotin in liver was reported to be 
depressed in chicks that exhibited acute death syndrome 
(Kratzer et. al., 1985). 

Biotin deficiency alters the unsaturated fatty acids profile 
in tissue lipids in such a manner as to suggest that it impairs the 
conversion of linoleic acid to arachidonic acid (Watkins and 
Kratzer 1987). The latter is a precursor of the prostaglandins, 
prostocyclin I2 and thromboxane A2, which have marked effects 
on the vascular system.  

Biotin is essential   for embryonic development (Cravens 
et. al., 1944), embryos from hens fed biotin deficient diets 
developed syndactylia (extensive webbing between the third and 
fourth toes). Many embryos that failed to hatch are characterized 
by reduced size, parrot beak, crooked tibia, shortened or twisted 
trarsometatarsus, shortened wing and skull bones and shortening 
and bending of the scapula. Two peaks of embryonic mortality 
may occur (one during the 1 st week and the second during the 
last 3 days of incubation). 

Bradley et. al., (1976) fed Leghorn-type breeder hens a 
breeder diet supplemented with biotin at a level of 550 mcg. /kg 
of diet   for a period of 7 months resulted in 3% improvement in 
egg production and significant improvement in fertility and 
hatchability, the improvement in hatchability was due to a 
reduction in the numbers of early dead, late dead in shell 
embryos. Robel (1991) also observed that feeding turkey hens 
623 micrograms of biotin /kg of diet resulted in an increase in 
the hatchability with observed reduction in the embryonic deaths 
during days from 7 to 28 of incubation. Robel (2002)   reported 
that with the progression of maternal age, higher dietary biotin 
level was required for hatchability and chick weight. 
 
2-9-4-The Effect of In ovo Feeding of Fatty acids on  
         Hatchability  

The lack of improved hatchability of ostrich eggs over the 
last twenty years may be associated with various factors 
including diet of the breeder hen. The yolk fat of an egg is 
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crucial to the development of the chicken embryo in terms of 
energy production (Noble and Cocchi 1990). The quality of fat 
available in the yolk is directly linked to the diet of the breeder 
hen (Cherian et. al., 1996). If the hen is fed low quality fats 
(high level saturated fats, highly oxidized, low levels of essential 
fatty acids), her eggs will reflect the same lipid profile, forcing 
subsequent embryos to utilize poor quality fats for energy 
production and structural membrane synthesis (van Kempen 
and McComas 2002; Cherian et. al., 1996). Providing embryos 
with exogenous fatty acids may allow for increased energy 
production, as well as allow for more polyunsaturated fatty acid 
accretion in vital tissues during the stressful process of hatching. 
Nearly 80% of the 5-6g of lipid found in the yolk of the egg is 
absorbed by the embryo for energy production and structural 
membrane synthesis (Noble and Cocchi 1990). As a result, fatty 
acid oxidation provides over 90 percent of the energy 
requirements for the chick embryo (Romanoff 1960). The 
common use of low quality (low antioxidant, low essential fatty 
acids, highly oxidized) fats in breeder hen diets provides the 
growing embryos with a low quality fat source during 
development (Cherian et. al., 1996; van Kempen and 
McComas 2002). Low quality fat may predispose the embryo to 
increased metabolic disorders resulting from lipid peroxidation 
and damage to cellular membranes. During the third week of 
incubation, the embryo increases the uptake of fatty acids which 
may increase the potential for oxidative stress to occur (Noble 
and Cocchi 1990; Latour et. al., 2000). Another time of 
potential increased oxidative stress occurs as the chick begins 
pipping when it must switch to active pulmonary respiration of 
oxygen as opposed to respiring via gas exchange from the 
temporary embryonic structures (Garcia et. al., 1986; Moran 
2007). With such important roles in energy production for the 
embryo, fat sources are essential to fuel the heart and for 
deposition of polyunsaturated fatty acids in tissues such as the 
brain (Cherian and Sim 1992). As such, in ovo administration 
of high quality fatty acids may prove beneficial for improving 
energy production during embryogenesis and hatching. 
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Alpha-linolenic acid, polyunsaturated fatty acid, an 
essential omega-3 fatty acid. High levels of it affect the activity 
of liver desaturases which ultimately affects the polyunsaturated 
fatty acids content of cellular membranes increasing the fluidity 
of cellular plasma membranes (Cherian and Sim 2001). Schaal 
(2008) reported that the injection of broiler breeders eggs with 
0.1gm/egg the alpha-linolenic acid on day 14 of incubation 
resulted in apparently lower hatchability (55%) than in injected 
group with saline (80%). 
 
2-9-5-The Effect of In ovo Feeding of Vitamin E on  
         Hatchability 

Vitamin E is the major fat-soluble antioxidant, which 
breaks the chain reaction of lipid peroxidation. The antioxidant 
system of the brain is of great importance because of the 
development of nutritional encephalomalaeria. Which occurs in 
young chicks as a result of vitamin E deficiency (Dror and 
Bartov 1982). The use of antioxidants, especially vitamin E has 
been proven to reduce harmful peroxidation of lipids and 
cholesterols in animal models (Singh et. al., 2005). 

The yolk of the egg provides fat that is oxidized by the 
embryo to produce energy for growth (Noble and Cocchi 1990). 
Yolk fat composition is dependant on breeder hen diet and the 
common use of low quality fats (low in antioxidant levels, highly 
oxidized etc.) in breeder hen diets do not produce an 
environment hospitable to embryo development that relies on 
fats (Cherian et. al., 1996; van Kempen and McComas 2002). 
About day 14 of incubation, the embryo increases the uptake of 
fatty acids which may further increase the potential for lipid 
peroxidation to occur (Latour et. al., 2000). As the chick begins 
pipping, the use of the chorioallantoic membrane for respiration 
begins to subside as pulmonary respiration of oxygen occurs, 
adding to the possible presence of radical oxygen species 
(Garcia et. al., 1986; Moran 2007).  

The role of vitamin E administered in ovo has also been 
reported to have improved the immune response and  
immunoglobulin levels in turkeys and broilers as measured by 
increased the IgM levels of poults and the IgG levels of chicks 
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when measured 7 and 14 days, respectively, after embryonic 
exposure to vitamin E (Gore and Qureshi 1997). In addition to 
an increased immune response, exogenous vitamin E 
administered in ovo around day 14 of incubation (at the time of 
increased fatty acid oxidation) may prove beneficial in reducing 
the production of free radical oxygen species that can cause 
serious damage to the highly polyunsaturated fatty acids of 
cellular membranes (Cherian and Sim 1992; Cherian and Sim 
1997; Surai et. al.,  1999).  

Surai et. al., (1997, 1999) reported a positive correlation 
between high levels of dietary vitamin E in the maternal hen’s 
diet and increased vitamin E levels in eggs and subsequent chick 
tissues. Low quality fats added to diets of breeder hens as an 
inexpensive energy source may be counteracted with the in ovo 

administration of antioxidants to protect the lipids of the yolk as 
well as the plasma membranes of chicks’ cells from damage. 
Increased incidence of peroxidation of membrane lipids caused 
by free radical species may cause harm to the health of the 
developing embryo. In ovo feeding of vitamin E may protect 
lipid membranes from the harmful effects of radical oxygen 
species and allow for increased lipid utilization for energy 
production to improve hatchability. 

Schaal (2008) reported that the in ovo feeding of vitamin 
E may enhance the ability of the chick to produce energy for 
hatching and the antioxidant status of hatched chick tissues and 
protect lipid membranes from radical oxygen species. Vitamin E 
concentration in egg yolks is a direct function of its 
concentration in the feed. Vitamin E levels in the embryo are 
similar to the level found in the yolk at the early stages of 
incubation. The highest alpha-tocopherol levels are found in the 
liver, but they are rapidly depleted after hatching (Surai et. al., 
1997).Gore and Qureshi (1997) suggested that   in ovo injection 
of vitamin E three days prior to hatch may improve post-hatch 
poult and broiler quality. 

Bhanja et. al., (2007) documented that hatchability 
percentage in the vitamin E injected group was apparently lower 
(54.7%) than in un-injected control (80%) in broiler breeders. 
While, Schaal (2008) reported that Chicks that received vitamin 
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E in ovo hatched had a slightly higher rate (88% for both 10 IU 
and 20 IU treatments) than the non injected control in broiler 
chicken (85.4%),  
 
2-9-6-The Effect of In ovo Feeding of Proline on Hatchability  

Gloria et. al., (2002) reported that L-Proline is an amino 
acid that is essential for the synthesis of collagen. Collagen is the 
main structural protein of connective tissues, including skin, 
tendon, blood vessels, bone, ligaments, joints, cornea, vitreous 
humor of the eye, and basement membranes of all organs, it is 
the most abundant protein in the body, making up about 25% to 
35% of the whole-body protein content. L-Proline therefore 
provides building blocks that help to stabilize and strengthen the 
structural components of the body. Proline is a nonessential 
amino acid, which means that it is manufactured from other 
amino acids in the liver; it does not have to be obtained directly 
through the diet. Although proline can be made in the body, low 
protein and vegetarian diets may not provide optimal support for 
the production of collagen. Proline is biosynthetically derived 
from the amino acid L-glutamate (Lehninger et. al., 2000). 

The amino-acid content of hydrolyzed collagen is 
characterized by the predominance of glycine, proline and 
hydroxyproline, which represents around 50% of the total 
amino-acid content. Glycine and proline concentration is 10 to 
20 times higher than in other proteins (Hulmes 2002) and Bella 
et. al., 1994).  
 DeMichele et. al., (1986) reported the hydroxylation of 
proline to hydroxyproline occures during the collagen 
biosynthesis during connective tissue development in chick 
embryos. 
 Muller and Werner (2003) reviewed that proline is the 
precursor to hydroxyproline, which a major amino acid is found 
in the connective tissue of the body-collagen. Collagen is 
composed of the metabolic by-product of proline called 
hydroxyproline. In muscle tissue it serves as a major component 
of endomysium. Collagen constitutes 1% to 2% of muscle tissue, 
and accounts for 6% of the weight of strong, tendinous muscles. 
A closely related protein, elastin, is found in the elastic, yellow, 
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connective tissue fibers, which are abundant in ligaments and 
walls of blood vessels. Both collagen and elastin are rich in 
hydroxyproline, which comes from proline by way of a 
hydroxylation reaction requiring adequate levels of vitamin C.  
 Deuchar (1963) showed immediate highest uptake of the 
proline into all tissues equally of chick embryos from 1–9 days' 
incubation age as indicated by uptake of 50 µC/ml tritiated 
proline. The earliest collagen formation (synthesis) in the 
cartilage and skin. 

Diegelmann and Peterkofsky (1972) found the increase 
of collagen synthesis 2.2-fold in the frontal bone between 11 and 
14 days and 5.4-fold in the lower limb between 8 and 14 days; it 
remained relatively constant in skin between 8 and 16 days. The 
rate of calcification began to increase after the maximal rate of 
collagen synthesis had been reached in both bone tissues. The 
authors suggested that increased collagen synthesis is a 
prerequisite for bone formation. 

Elaroussi et. al., (2003) reported that in ovo 
administration of amino acid proline (1 mg/quail egg) at 7 days 
of incubation increased significant hatching weight and 
hatchability as compared to control. 

Ohta et al (1999, 2001) and Al-Murrani (1982) reported 
that all the amino acids content of egg and the embryo decreases 
as incubation time increases, except glycine and proline, they 
increased with the progress of incubation. 
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3-MATERIALS AND METHODS 
 

Ostrich eggs were weekly obtained from healthy parents stock 
raised in hygiene conditions in patches of 30 eggs from Risk Company 
for Ostrich Production Nasr City, Cairo, Egypt and set for incubation at 
El-Shafey Farm, Belbas, Sharkia, Egypt. The hematological and 
biochemical analysis in the present study were carried out at the Poultry 
Production Unit, Nuclear Research Center, Atomic Energy Authority, 
Cairo, Egypt. Data were collected and analyzed during the period from 
August 2008 till October 2009.  
3-1- BIRDS DIET AND EGG COLLECTION 
3-1-1   Diet Composition: 

Birds were fed 2.5 kg formulated breeder diet/ bird/day. The 
ingredient composition of the breeder diet and its content of essential 
fatty acids as recommended by NRC (1994) are presented in (Table 1). 

Table 1.Composition and calculated analysis of breeder diet. 
% Ingredient 
10 Yellow corn 
20 Soybean meal 44% 
15 Wheat bran 12% 
50 Alfa Alfa meal ,15 % 
1 Corn oil 

0.3 Yeast 
1 Dicalcium phosphate 
2 Limestone 

0.1 Salt (Nacl) 
0.5 Premix** 
0.1 DL-Methionine 99% 
100 Total, kg 

 Calculated analysis % 
18.5 Crude protein 
2802 ME kcal/kg 

% Fatty acid 
0.005 Lauric (C12:0) 
0.009 Myristic (C14:0) 
0.660 Palmitic (C16:0) 
0.037 Palmitoleic (C16:1) 
0.059 Stearic (C18:0) 
0.354 Oleic (C18:1) 
0.981 Linoleic (C18:2) 
0.422 Linolenic (C18:3) 
0.002 Arachidonic (C20:4) 
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** with ingredient indicated as follows: Vit.A 10000 IE ,VD3 1500 IE, Vit.E 3 
mg, Vit.B1 (Thiamine)2mg , Vit., B2 (Riboflavin)8mg,  Pantothenic Acid 19mg , 
Choline 1.430 mg ,Vit. B6 (pyridoxine) 5 mg, Niacin 57 mg, Biotin 0.2 mg, Folic 
acid 1.5 mg, Manganese 75 mg , Zinc 80 mg, Iron 100 mg, Copper 8 mg , Iodine 
0.5 mg, Cobalt 0.5 mg and Selenium 0.2 mg. 

3-2- EXPERIMENTAL TRIALS 
              In this study, two experimental trials were carried out. 
The first trial was carried out on the embryos to follow up 
changes in some vital physiological parameters during 
incubation. While the second trial was designed to test the effect 
of in ovo injection with: amino acid proline, two of vitamin B 
complex pyridoxine and biotin and two of fat soluble vitamins: 
Vit.D3 and Vit. E and one essential fatty acid (Linolenic acid) on 
ostrich egg hatchability.  

3-2-1-The First Trial:  
This experiment was carried out on a total number of 60 

ostrich eggs weighing from 1300 to 1500 g. Eggs were obtained 
from hens fed on ostrich breeder ration (Table 1). Eggs were 
incubated in using multi stage incubator.  

3-2-1-1- Egg Collection and Preparation: 
Eggs were daily collected as soon as possible after laying 

and cleaned immediately with a dry clean tissue paper, 
disinfectant solution sprayed on the surface of each egg and the 
shell was wiped dry with a clean toilet paper (Deeming 1997). 
Eggs were stored for up to 7 days in a clean storage room at 18 

oC and 69 % relative humidity as recommended by Gonzalez et. 
al., (1999). Collected eggs were left over night at room 
temperature before introducing to the incubator.  

3-2-1-2- Egg Incubation: 
Each egg was numbered using permanent marker and 

weighing using digital electronic balance (accuracy of  two 
decimal points). During incubation eggs were set in metal  – 
framed egg trays in a vertical position at 36.5 oC and 25   %
relative humidity (RH) and were turned every 1 hour through 
45° up to 39th days. During incubation period eggs were candled 
at weekly intervals using powerful ‘pen light’ torch, after two 
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weeks (second candling) infertile eggs were excluded. On day 
39, the fertile eggs were transferred to the hatcher up to hatching 
time, where the temperature and humidity were 36 oC and 40 % 

RH. The Following parameters were recorded for each egg: 

3-2-1-2-1- Egg Weight: 
 Egg weight in (gm) at the time of setting were recorded 

using an electronic digital balance with accuracy ± 0.01 g and 
caliber (1 mm accuracy), respectively.  

3-2-1-2-2- Percentage of Egg Weight Loss (EWL %)  During  
                   Incubation: 

During incubation period, four fertile eggs at days 7, 20, 
30, 34, 36, 38, 39, 40, 41 and 42 of incubation were selected at 
random and removed from the incubator, weighed then opened. 
The difference between egg weight at set and egg weight at 
sampling was used to follow up egg weight loss during 
incubation. Percentage of egg weight loss (EWL %) during 
incubation was determined according to Gonzalez et. al., (1999). 
by the following formula: 
 EWL %  =(Egg wt. at set – Egg wt. at day of sampling) X100 
                                              (Egg wt. at set) 

3-2-1-2-3- Eggshell Parameters: 
The eggshells of each egg were collected immediately 

after sampling and cleaned of adhering shell membrane and 
washed with distilled water to remove all albumen and dried 
overnight at 60   oC and then kept dry in dissector. A portion of 
each eggshell was grinded using steel mixture then 1 g was 
subjected to wet ashing according to method described by 
Charles et. al., (1984). Eggshell phosphorus and calcium were 
colorimetrically determined according to El-Merzabani et. al., 
(1977) and Gindler and King (1972), respectively. 

3-2-1-2-3-1- Eggshell Percent: 
Eggshell percent was calculated as the following 

formula according to Christensen et. al., (1996).  
Eggshell %= Egg shell weight X 100 

                Egg weight 
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3-2-1-2-3-2- Eggshell Porosity: 
Eggshell porosity was determined by averaging pore 

count obtained from discretionary sampling at 5 independent 
1Cm 2 sites on an egg surface. The sites were chosen 
approximately equidistant along the equator to better visualize 
and facilitate a more accurate counting of porosity; each selected 
site was dyed with a food-grade blue dye before counting. A 
clear dichotomy of pore size, small and large, was observed 
according to Gonzalez et. al., (1999). 

3-2-1-2-3-3- Egg Shell Thickness: 
Eggshell thickness was obtained by averaging thick 

measurement made at the same five shell sites used to determine 
porosity. A slip clutch micrometer was used to make individual 
thick estimate to the nearest 0.01 mm. 

3-2-1-3- EGG AND EMBRYO SAMPLING 
Four fertile eggs were taken randomly for blood, bone and 

eggshell sampling at 20       ( blood sampling and eggshell only), 
30, 34, 36, 38, 39, 40, 41and 42 days of incubation, embryos 
were separated carefully from all surrounding egg contents as 
described by Peebles et. al., (1998) and stored frozen  at -20 oC. 

The yolk sacs containing the residual yolk plus the yolk 
sac membrane were dissected from the bodies of the embryos 
weighed and stored at −80 °C for lipid fatty acids analysis.  

Excluded infertile eggs at 7 days of incubation were 
opened at the large end and examined (as control) for 
determining Yolk %, yolk fatty acid composition, albumen% and 
shell as % egg weight. A homogeneous sample of each 
component was frozen until chemical analysis was performed. 

3-2-1-4- BLOOD AND PLASMA PARAMETERS 
3-2-1-4-1- Blood sampling: 

Till 40 days of incubation blood samples were collected 
from the umbilical vein of the embryo using clean dry needle 21 
G. After 41 days of incubation blood samples were collected by 
slaughtering embryos or hatched chicks. Blood samples were 
collected into heparinzed test tubes. Each blood sample was 
divided into two test tubes: one to determine the blood 
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hematology and the other was centrifuged immediately at the 
speed of 4000 r.p.m. for 5 minutes. The plasma was divided 
equally into plastic tubes and stored at -20о C until the analysis. 

3-2-1-4-2- Hematological Parameters: 
Red blood cells (RBCs) and white blood cells (WBCs) 

counts were counted according to Natt and Herrick (1952). 
Hemoglobin concentration (Hb) % and packed cell volume 
(PCV) were determined according to Dacie and Lewis (1991).  

3-2-1-4-3- Plasma Biochemical Parameters: 
Plasma total proteins was colorimetrically measured 

according to Henry (1964). Plasma albumin was 
colorimetrically determined  by the method described by 
Doumas et. al., (1971).  The concentration of globulins in each 
sample was obtained by subtracting the albumin values from the 
total protein concentration from which the albumin / globulin 
ratio (A/G) was obtained. Plasma urea was determined according 
to Patton and Crouch (1977). Plasma uric acid was determined 
according to Caraway (1955). Determination of plasma 
cholesterol was carried out according to the method of Watson 
(1960).  Plasma total lipids were determined according to 
Lxingth et. al., (1972). Plasma triglycerides were determined 
using chemical commercial kits as described by the manufacture 
companies (spectrum, diagnostics, Egypt, Co. for biotechnology, 
S.A.E.). Alkaline phosphatase was determined colorimetrically 
according to Belfield and Goldberg (1971). Acid phosphatase 
was measured colorimetrically according to Kind and King 
(1954). Total thyroxin (T4) and triiodothyronine (T3) were 
measured in plasma by radioimmunoassay kits  (Coat-A-Count. 
PC diagnostic products corporation Los Angles, CA90045). 
Plasma inorganic phosphorus and calcium were determined 
colorimetrically according to El- Merzabani et. al., (1977) and 
Gindler and King (1972), respectively. 

3-2-1-4-4- Plasma and Yolk Fatty Acids Profile: 
3-2-1-4-4-1- Lipid Extraction:  

The total lipids from the samples of plasma and egg yolk 
were extracted by homogenization and refluxing in a suitable 
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excess of chloroform: methanol (2:1, v/v) according to well 
established procedures (Christie, 1984) and transmethylated by 
refluxing with methanol: toluene: sulphuric acid (20:10:1, v/v/v) 
in the presence of a pentadecanoic acid standard (Christie et. al., 
1970). All lipid extracts were then stored in chloroform at -20°C 
to await analysis by gas liquid chromatography. 

3-2-1-4-4-2- Fatty Acid Analysis 
Two milliliters of lipid extract were dried under nitrogen, 

resolubilized in 3mL boron trifluoride-methanol (10% wt/wt), 
and esterified by heating to 95 oC. The fatty acid methyl esters of 
plasma and yolk were separated and quantified by HP 6890 gas 
chromatograph equipped with an auto sampler, flame ionization 
detector, and SP-2330 fused silica capillary column (30mm-
0.25mm i.d.).  

3-2-1-5- BONE PARAMETERS 
Femur, Tibiotarsus and Tarsometatarsus bones of 

developing embryos were separated from fleshand muscles, 
cleaned from all adhering tissues, rinsed with distilled water and 
dried over night at 100 oC. A portion of each bone was grinded 
using steel mixture then 1 g was subjected to wet ashing 
according to a method described by Charles et. al., (1984). Ca 
and P content were determined in the wet ashing after diluted 
using the calorimetric technique of El-Merzabani et. al., (1977) 
and Gindler and King (1972), respectively. 

3-2-2- The Second  Trial   
3-2-2-1- IN OVO FEEDING 
3-2-2-1-1-Ostrich Eggs and Incubation 

This experiment was carried out on a total number of 100 
ostrich eggs weighed between 1300 and 1500 g obtained from 
hens fed on ostrich breeder ration (Table 1).  Eggs were obtained 
from Risk Company and incubated in El-Shafey Farm, Belbas, 
Egypt. Using multi stage incubator. Eggs were collected daily as 
soon as possible after laying and cleaned immediately with a dry 
clean cloth, disinfectant solution sprayed on the surface of each 
egg and the shell was wiped dry with a clean toilet paper 
(Deeming 1997). Eggs were stored for up to 7 days in a clean 
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storage room at 18 oC and 69 % relative humidity as 
recommended by Gonzalez et. al., (1999).  

Each egg was numbered, weighed and incubated at 
36.5oC and 25   % humidity up to 39 days. On day 39, the fertile 
eggs were transferred to the hatcher up to hatching. Temperature 
and humidity during hatch were 36oC and 40 % RH.  

3-2-2-1-2-In Ovo Injections 

After 7 days of incubation, eighty fertile eggs were 
sterilized with 70 % ethyl alcohol and divided randomly into 
equal eight treatment groups (each of 10 eggs). Using a 
Hamilton syringe  and according to the method of injection 
described by Elarousi et. al., (1993), the first group used as 
control (without injection) , while, the second group was injected 
in the width end of the egg with 1ml saline. The third, fourth and 
fifth groups were injected in the width end with 35, 10, and 1.5 
mg proline, pyridoxine, biotin dissolved in 1 ml saline while the 
sixth and seventh groups were injected in the width end with 180 
and 350 IU of Vit.D3 and Vit.E, respectively. The eighth group 
was injected with 2g Linolenic acid. Description of the protocol 
of injection is presented in (Table 2). After the completion of 
injection, the hole in each shell was blocked with wax and 
returned back immediately to the incubator until the 39 day of 
incubation; eggs were transferred to the hatcher for the next 5 
days. On the day of hatch, hatched chicks from each treatment 
were counted and non-hatched eggs examined to determine 
embryo status (dead after injection - pipped assisted- non-
pipped assisted- embryo hit and hatched (%)). Hatchability 
was recorded as percent of fertile eggs that hatched in each 
treatment as following: 
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Table 2:  Protocol of the ostrich eggs in ovo injection 
Group In ovo injected material 

1 Non injected (control) 
2 1ml saline 
3 35 mg proline dissolved in 1 ml saline 
4 10 mg pyridoxine dissolved in 1 ml saline 
5 1.5 mg biotin dissolved in 1 ml saline 
6 180 IU or 4.5 µg of Vit. D3  
7 350 IU or 233 mg of Vit. E 
8 2g Linolenic acid 

 
3-2-2-1-2-1-HATCHABILITY PERCENTAGE 
   At the begining of the experimental period, eggs from 
each treatment were collected and incubated. After hatching, 
chicks were counted to determine the percentage of hatchability.  
Hatchability percentages from fertile eggs were calculated by the 
following equation: 

                 
             Hatchability % =   Number of eggs hatch   X 100 
                                              Number of fertile eggs 

3-3- STATISTICAL ANALYSES 

Data were analyzed using statistical package system 
software (SPSS, Version 10). Duncan (1955), multiple range 
and T test was used to test the effect of age on different 
parameters.  The chi-square test was used to show statistical 
significance in In ovo injection treatments with hatchability 
percentage. 
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Umbilical vein Blood sampling 

30 day old embryo 20 day old embryo 

Embryo ages 
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36 
day old embryo 

34 
day old embryo 

39 
day old embryo 

38 
day old embryo 

Embryo ages 
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41 day old embryo 40 day old embryo 

1 day old chick 42 day old embryo 

Embryo ages 
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External pipping Internal pipping 

Embryo hit and hatched 
 

Hatch without assistance 
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Pipped assisted Non-pipped assisted 

Pipped assisted (2)  Non-pipped assisted (2) 

Hatch with assistance 
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4-RESULTS AND DISCUSSION 
 
4-1-EMBRYOS BLOOD PLASMA CHEMISTRY DURING      
      INCUBATION 

The effects of ostrich's embryo age on plasma chemistry 
are presented in Table (3). 

4-1-1- Glucose Concentration  
 Plasma Glucose concentration of ostrich embryos during 
incubation are presented in Table (3) and illustrated in Fig. (1).  
Examination of the data clearly showed that plasma glucose 
level increased significantly among 20, 30, 34 and 36 days of 
incubation followed by unsignificant differences in plasma 
glucose levels among 36, 38 and 39 days of incubation. 
However, a significant differences in  average plasma glucose 
levels among days 40, 41 and 42 days of the embryonic 
development were observed. The data clearly showed that 
plasma glucose levels increased significantly during early and 
late embryonic development meanwhile, it can be observed that 
plasma glucose level at hatch (42D) reached approximately 7 
folds(15.2 mmol/l) than its value at 20d (2.15 mmol/l) of the 
embryonic age. 

The observed patterns of plasma glucose during ostrich 
embryonic development is in agreement with that reported by 
Christensen et. al., (2000a) and Suvarna et. al., (2004), who 
reported that plasma glucose levels increased significantly with 
increasing turkey embryo age. In this respect, Lu et. al., (2007) 
reported a significant increase in plasma glucose levels with 
increasing age of Cobb 500 chick embryos from 10d to hatch. 
However, Lu et. al., (2004) reported a significant increase in 
plasma glucose from 13d to 18d suggesting that glucose may act 
as an important regulator to protein anabolism in the chick 
embryo via suppressing amino acid oxidation. Croom et. al., 
(2006) stated that total glucose uptake increased significantly 
between 23d, 26d and hatch (P<0.001). The level of active 
glucose transport increased 400% between 20d and hatch 
(P<0.001; 82.84 ± 5.25 vs 363.19 ± 39.9), they attributed this 
huge incremeant in plasma glucose to the significant increases 
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occured in jejunal growth. Sell et. al., (1991) reported that this is 
an ontological adaptation to prepare embryos for hatch. Similar 
increases in intestinal density and glucose absorption have been 
reported during this period by Hinni and Watterson (1963). 
They found these changes in chick embryos to be largely 
completed during the 3-day period preceding hatch. Also, 
(Christensen et. al., 2000a) noted a significant positive 
correlation between hatchling body weights and blood glucose 
concentration and this was accompanied by depressed 
gluconeogenesis in turkey poults. 

Bhattacharyya et. al., (2009) reported that maintenance 
of glucose homeostasis during few days pre and post hatch is a 
great challenge in a chick life.  The primary source of glucose 
needed for hatching activities is the liver and gluconeogenesis 
from protein of amnion and muscle. Glycolysis rather than fatty 
acid oxidation is needed at hatching to provide energy as oxygen 
supply is limited during the transition from chorioallantois to 
pulmonary respiration (Hoiby et. al., 1987). At day of hatch 
glycogen stores decrease substantially, and remain low until the 
newly hatched chicks has full access to oxygen, necessary to 
mobilize and utilize body fat reserves and assimilate external 
diet (Hazelwood 2000). On the other hand, Suvarna et. al., 
(2004) demonstrated that the increased plasma glucose during 
late embryonic development may be resulted from the increased 
power of glucagon, causing glycogenolysis. In this respect, 
Davis and Reeds (1998) suggested that glucose is an important 
regulator of protein anabolism in the mammalian fetus via its 
ability to suppress amino acid oxidation. Hazelwood (2000) 
suggested that a certain synergism exists between glucose and 
amino acids when β-cell responses are considered. This glycogen 
may accumulate in preparation for extra carbohydrate 
requirements that will be needed during pipping and hatch 
(Christensen et. al., 2001). A plateau of plasma glucose levels 
during pipping and hatch may indicate that glucose is being 
utilized as an energy source during this critical period in order 
for the embryo to survive. Compared with chick embryos, 1- to 
21-d-old chicks had higher plasma glucose levels which reflects 
a change in energy metabolism from using lipids and amino 
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acids as an energy source during embryonic development to 
glucose utilization in the post-hatch state. The process of 
hatching leaves the poult with little carbohydrate reserves. 
Tissue glycogen stores at hatching are minimal, and glucose for 
metabolism is created by gluconeogenesis (Freeman 1965). 
Early poult mortality is a common problem facing commercial 
turkey farms that may be related to stress and low glycogen 
reserves. Poults are able to alter their metabolism, i.e. decrease 
gluconeogenesis and increase hepatic glycogen within one hour 
of oral administration of carbohydrates (Donaldson and 
Christensen 1991 and 1994).  
 Establishment of a stable and sufficient glucose status is 
critical for the late-term embryonic developmental hatching 
process and post-hatch development of poultry until feed 
consumption is initiated. Toward the end of incubation embryos 
use their energy reserves to meet the high demand for glucose to 
fuel hatching activities (Freeman 1965; John et. al., 1987; 
1988; Christensen et. al., 2001). Although glucose can be 
synthesized from fat and protein (Elwyn and Bursztein 1993a, 
b, c), glucose is primarily generated from protein by 
gluconeogenesis or by glycolysis of glycogen reserves because 
oxygen is limited during the last quarter of incubation (Bjonnes 
et. al., 1987; John et. al., 1987). 
           In birds, the major glycogen reserves are the liver and 
glycolytic muscles (John et. al., 1988). These glycogen reserves 
are withdrawn as embryos go through the hatching process 
(Christensen et. al., 2001). The glycogen reserves begin to be 
replenished when the newly hatched chick has full access to feed 
and oxygen and can fully use the fat stored in the yolk sac 
(Rosebrough et. al., 1978a,b). Thus, the glucose level available 
to the late-term embryo for hatching and post hatch survival is 
dependent upon the glycogen reserve and gluconeogenesis, 
which is induced when glucose intake is insufficient to meet the 
metabolic glucose demands (Elwyn and Bursztein 1993c). The 
late-term embryo and neonatal chick depend on gluconeogenesis 
from amino acids (Dickson and Langslow 1978; John et. al., 
1988; Hamer and Dickson 1989), resulting in the depletion of 
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muscle protein reserves and reduced early growth and 
development (Vieira and Moran 1999a, b). 

4-1-2- Total Lipids, Cholesterol and Triglycerides   
           concentrations: 

Cholesterol is considered an essential agent required for 
embryonic development Roux et. al., (2000). Deficiencies in 
cholesterol during embryogenesis and organogenesis cause 
severe abnormalities. The role of cholesterol in cell biology has 
been known for years Pucadyil and Chattopadhyay (2006). It 
is a key constituent of the cell membrane, the structure of which 
is obviously important in cell-to-cell interactions, essential in 
embryonic differentiation. However, cholesterol not only plays a 
role in the physical structure of the membrane (eg, its viscosity 
and interference with phospholipids), but also in the synthesis of 
a number of steroid hormones. Connor et. al., (1969) indicated 
that most of the cholesterol in the embryo originated from the 
egg yolk, the egg contains approximately 12 milligrams of 
cholesterol per gram of yolk. Cholesterol biosynthesis was active 
in the brain and provided about 90% of its cholesterol content. 
 Data concerning average of plasma total lipids, 
triglycerides and cholesterol concentrations of ostrich embryo 
during embryonic developments are presented in Table (3) and 
Fig. (2, 3, 4). The data showed that the mean plasma total lipids, 
cholesterol and triglycerides increased gradually as the embryo 
advanced in age. The data showed that the mean plasma total 
lipid concentration increased gradually as the embryo advanced 
in age, and reached a peak at 34-d of embryos age, (1255 mg/dl). 
Also, plasma cholesterol and triglycerides levels continued to 
increase significantly (P < 0.05) with increasing embryos age. 
The increment reached its maximum at the 38-d of embryos age 
(323.7 mg/dl and 340 mg/dl), respectively. 

The observed significant increase in plasma total lipids, 
triglyceride and cholesterol concentration of ostrich embryos 
during incubation with progress of age are possibly due to the fact  
that ostriches started to use nutritional reserves from the yolk sac, 
which is rich in this metabolites. Miranda et. al., (2008) and 
Bouda et. al., (2004) attributed the significant increase of plasma 
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total lipid, triglyceride and cholesterol five folds higher in 4-day-
old ostriches chicks  than in older birds to the high reserves 
contained in the yolk sac. 
           Toward the end of incubation, embryos use their energy 
reserves to meet the high demand for glucose to fuel hatching 
activities (Freeman 1965; John et. al., 1987, 1988; Christensen 
et. al., 2001). Although glucose can be synthesized from fat and 
protein (Elwyn and Bursztein 1993a, b, c). 

Connor et. al., (1969) showed that newly hatched chicks 
were found to be hyperlipemic compared with older chicks and 
had fatty livers with a high cholesterol content. Also, Entenman 
et. al., (1940) found that the liver of the newly hatched chick 
contained large amounts of cholesterol. Stokes et. al., (1952) 
showed that the conversion rate of acetate to cholesterol is 
greatest towards the end of the 10th day of incubation.  

Schjeide (1954) and Schjeide and Dickinson (1963) 
agreed with Stokes et. al., (1952) when they reported that the 
amounts of the various lipid constituents in whole plasma varied 
considerably with the embryonic stage. The highest 
concentration of total lipid occurred in the plasma of chick 
embryo from the 10th to the 18th day of incubation. Also, Speake 
et. al., (1998b) reported the highest concentration of total lipids 
occurred in the plasma of chick embryo from ~6 to 20 mg 
lipid/ml plasma between days 15 and 18 of incubation but then 
decreases to half this maximal value by the time of hatching at 
day 21. As would be expected, yolk lipid absorption is associated 
with increasing lipid levels within the plasma of the embryo. 
Between days 13 and 18 of incubation, the plasma lipid 
concentration increases continuously with a slight fall occurring 
just prior to hatching (Noble and Cocchi 1990). In the case of 
the embryo of the king penguin, Decrock et. al., (2001) reported 
an increase in total lipid concentration in plasma and liver by 
twofold from day 40 to hatching. Triglyceride which is the 
predominant lipid of the lightest lipoproteins was observed in the 
21 days embryo.  Also, Wood (I972) showed an increase of 
embryonic and mature brain, heart in total lipids from the 10th 
day to hatching (21st day). While, triglyceride levels increased 
dramatically after the 16th day of incubation. Nordrum et. al., 
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(2000) reported that medium chain triglycerides have received 
much attention in animal nutrition because of rapid absorption 
and oxidation without deposition in the body. Also, medium 
chain triglycerides appear to be potential stimulators of nutrient 
transport into enterocytes, (Tajima et. al., 1993 and Wang et. 
al., 1996). It appears that medium chain triglycerides may have 
the potential to enhance nutrient absorption, decrease amino acid 
oxidation, and reduce body fat deposition and thereby allowing 
increased protein utilization (Kocaman et. al., 2005). Peres et. 
al., (1999) reported that plasma triacylglyceride concentrations 
and liver glycogen content may be related to the mechanism of 
glucose regulation.  

4-1-3- Alkaline phosphatase and Acid phosphatase  
           activities 
 Alkaline phosphatase(Alk.p) and acid phosphatases, are 
enzymes widely distributed in nearly all tissues and organs, in 
particular liver and bone of the developing chick embryo, 
hydrolyse the phosphate ester bond, to free attached phosphate 
groups (dephosphorylation) from many types of molecules, 
including nucleotides, proteins, and alkaloids  (Sabatakou et. 
al.,  2007). In addithion; they are associated with osteoblastic 
processes (Costa et. al., 1993). Alkaline phosphatase activity is 
also an indicator of the metabolic activity of the minerals 
associated with skeletal ossification (Hays and Swenson 1993; 
Sigler 1995; Holle and Benson 2001). 
 Increased alkaline phosphatase activity is an indication of 
bone repair or remodeling (Hopkins 1995). Bone remodeling is 
a series of complex processes of bone matrix formation, 
mineralization, and its resorption performed by the three types of 
bone cells; osteoblasts, osteoclasts, and osteocytes (Buckwalter 
and Cooper 1987 ; Marks and Popoff 1988). The osteocytes 
are former osteoblasts embedded in the mineralized bone matrix 
(Boabaid et. al., 2001; Bronckers et. al., 2003). Irie et. al., 
(2000) and Bonucci et. al., (2001) proposed a functional 
correlation between the acid phosphatase activity of osteocytes 

and the calcium levels in the body fluid. Nakano et. al., (2004) 
reported that enzymatic activity of acid phosphatase has been 
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regarded as one of the reliable markers for osteoclasts and their 
precursors.  

 Plasma alkaline phosphatase and acid phosphatase 
activites of ostrich embryo during incubation are presented in 
Table (3) and illustrated in Fig. (5 and 6). The mean plasma 
alkaline phosphatase activites increased gradually as the embryo 
advanced in age, the greatest value (140.9IU/L) were recorded  at 
hatch (42d). Plasma acid phosphatase activites followed the same 
pattern and reached a peak (13.36 U/L) at 36d of  incubation and 
sharply declined therafter  to reach its minimum value (5.9 U/L) at 
hatch (42d).  

The significant increase in plasma alkaline phosphatase 
and acid phosphatase activites of ostrich embryos with age 
advance agrees with Kubota et. al., (1981) and Luben et. al., 
(1976) who reported a significant increase in plasma alkaline 
phosphatase and acid phosphatase activities of broiler tibia 
during embryonic development which represent osteoblastic 
activity, began to increase at days 10-12, reached maximal 
values at day 19 and sharply declined thereafter. Both bone 
enzyme activities were highly correlated with Ca2+-binding 
activity in the chorioallantoic membrane. The reason that 
embryonic bone formation has to be completed by day 19, 
therefore, appears to be closely related to chorioallantoic 
function. Also the sharp decrease after day 19 of the bone 
alkaline phosphatase activities, which reflect osteoblastic 
activity, indicates the completion of the embryonic bone 
formation by day 19. Bone resorption also does not seem to 
occur, since bone acid phosphatase activity is very low 
throughout embryonic life. Levy et. al., (1986) showed that 
activity due to serum alkaline phosphates (Alk.p) elevations may 
be due to physiological increase in osteoclastic activity. Higher 
values of alkaline phosphatase (Alk.p) found in young ostriches 
could be explained by the higher metabolism of the younger 
animals, since Alk.p activity is related to cell and tissue turnover 
characteristic of the growing penods (Bell 1971). The noticeable 
significant increase in Alk.p activity values Table (3) can be 
attributed mainly to the intensity of the ossification process and 
skeletal development during the embryonal stage of ostrich chick 
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development. The increase in Alkp activity, as reported by other 
authors, is proportional to age, i.e. skeletal development and 
growth of the bird. Once this growth has been completed, these 
values fall once more and reached the lowest value in adult birds.  
Miranda et. al., (2008) attributed the higher activites of alkaline 
phosphatase to the release of large amounts of bone isoenzymes 
during the intense process of bone formation (osteogenesis) and 
skeletal development of the birds in the embryonic period. 

4-1-4- Total Proteins,  Albumin,  Globulins and A/g  ratio: 
         Plasma total proteins, albumin, globulins and albumin to 
globulin ratio (A/G) of ostrich embryos during incubation are 
presented in Table (3). Examination of the data clearly showed 
that the mean plasma total proteins, albumen, globulins and 
albumin to globulin ratio (A/G) increased gradually as the 
embryos advanced in age; the highest values were recorded at 
hatch (42d).  
        In this study, the observed significant increase in plasma 
total proteins of ostrich embryos with age advanced can be 
attributed to the significant increase in plasma albumin and 
globulin. The increases in plasma globulin values were more 
superior than the increase in albumin values which in turn 
causing the noticeable reduction in the absolute values of A/G 
ratio.  

The significant increase in plasma globulin of ostrich 
embryos especially during the last days before hatching seems to 
be associated with antibody formation. Kwak et. al., (1999) 
indicated that plasma globulin portion mainly involved in 
antibody formation as well as cell membrane activities and cell 
division and cell proliferation. However, Soliman (2000) 
showed that antibodies are globulin in nature and are involved in 
immune reactivity (immunoglobulins, Igs).  
 Serum albumin is the most plentiful and the most familiar 
plasma protein, albumin has been assigned numerous 
physiological roles (Peters 1975). It is the principle agent 
responsible for the osmotic pressure of the blood, for transport of 
fatty acids, for sequestration and transport of bilirubin and 
conveyance of tryptophan, cystine and various hormones 
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including thyroxin and steroids. Serum albumin also has a 
nutritive role as a reservoir of amino acids for peripheral tissues. 
Serum albumins are also reflected by total proteins levels. 
Albumin in fact represents a large part of total proteins and its 
trend follows that of total proteins.  

After reviewing the data in Table (3), it can be concluded 
that the significant increase in plasma concentrations of total 
protein, albumin and globulins of ostrich embryo with increasing 
the embryonic age is associated with the rapid increase in the 
embryos weight and this increment in plasma total proteins, 
albumin and globulin may be due to increased metabolic rates to 
meet rapid tissue formation, rapid growth, the increase in muscle 
mass, and as a consequence of high protein demands 
(Palomeque et. al., 1991). Moreover, Quintavalla et. al., (2001) 
reported that total proteins play an important role in transport of 
vitamins, hormones, enzymes and electrolytes. Levy et. al., 
(1989) observed an age effect on biochemical values in ostriches. 
Brown and Jones (1996) and Bouda et. al., (2004) found a 
significant (P < 0.05) difference among different ages of 
ostriches for plasma values of glucose, uric acid, total proteins, 
albumin, globulins, cholesterol, alkaline phosphatase and plasma 
Ca   and inorganic phosphorus (Pi). 

4-1-5- Urea and Uric acid concentrations 
 Uric acid is one of the most important end products of 
nitrogen metabolism in birds (Lumeij 1997). Blood nitrogen 
(urea), has been shown to be an indicator of protein metabolism 
and kidney function (Ubaldi et. al., 1982).  
 Plasma urea and uric acid concentration of ostrich 
embryos during incubation are presented in Table (3). Statistical 
analysis indicated that the mean plasma urea and uric acid 
concentration increased gradually as the embryos advanced in age, 
plasma urea and uric acid concentrations reached its maximum 
level at 42-d of incubation. 
 The observed significant increase in plasma urea and uric 
acid concentration of ostrich's embryo during incubation may be 
due to high protein metabolism. Miranda et. al., (2008) attributed 
the higher values of plasma urea to the large protein reserves 
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contained in the yolk sac. The higher uric acid values were 
indicate high purine metabolism and high recycling of nucleic 
acids, since birds excrete uric acid via urine. The concentration of 
uric acid in blood varies directly according to the demand of 
amino acids for protein synthesis (Costa et. al., 1993).  

4-1-6- Thyroxin (T3) and Tri-iodothyronine (T4)   
           concentrations: 

Thyroid hormones triiodothyronine (T3) and thyroxin 
(T4) are involved in numerous physiological processes in 
mammals and birds (Cogburn et. al., 1989; McNabb 2000). In 
addition, the thyroid hormones regulate heat production during 
the incubation of chick eggs (McNabb 2000). Black 1978; 
Mallon and Betz 1982; Decuypere et. al., 1992; McNabb et al 
1993) showed that the thyroid determines the characteristic stage 
of development and it's hormones play major roles in tissue 
differentiation and in the final maturation of many tissues just 
prior to hatching. McNabb and King (1993) and Dawson et. 
al., (1994) showed a significant correlation between thyroxin and 
body weight. Moreover, King and May (1984) reported that 
thyroid hormones are involved in ossification. Gado (1973) 
indicated that thyroid hormones are essential for normal growth 
in fowl and the overall body growth, maturation and growth of 
specific tissue being affected. Also, thyroid hormones plays a 
major role in the regulation of growth and the oxidative 
metabolism in birds (Scanest et. al., 1984 and Peebles and 
Marks 1991).  
 Plasma concentrations of triiodothyronine (T3) and 
tetraiodothyroxine (T4) of ostrich embryo during incubation are 
presented in Table (3) and figures (7 and 8). 
 Statistical analysis indicated that the mean plasma 
concentrations of triiodothyronine (T3) significantly increased 
with age and reached a peak at 40 and 41d-of embryo age (450, 
650 pg/mL) respectively, then declined to333 pg/mL at pre 
pipping day(42). Meanwhile, plasma concentrations of thyroxin 
(T4) increased significantly with increasing embryo ages and 
reached a peak at the 40d of the embryo age (5.43ng / ml). 
Moreover, both T3 and T4 concentration in the plasma ostrich 
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embryo decreased at pipping and before hatching Table (3). The 
previous results are in agreement with Christensen et. al., 
(2002) who found that the T3 concentrations were elevated at 
external pipping, and with Suvarna et. al., (2004) who reported 
a significant increase in plasma concentrations of T3 and T4 as 
the turkey poults embryos aged. Moreover he observed that T3 
and T4 increased dramatically at the 27 days of embryo 
development then declined at prepipping and before hatching. 
Christensen and Davis (2004) reported that the embryo survival 
rates improved during the latter times of embryo development 
when embryonic thyroid hormone concentrations increased. Lu 
et. al., (2007) reported a significant increase in plasma 
triiodothyronine and thyroxin levels during late chick embryo 
development. Plasma triiodothyronine increased 4-fold from 18d 
to 20d, and thyroxin increased 3-fold from 16d to 19d. Also, Lu 
et. al., (2004) showed a significant increase in plasma T3 and T4 
levels during the third week of incubation and reached a peak at 
19-20 d. Also our results are consistent with McNabb (2000) 
and Reyns et. al., (2003), they observed a sharp rise in T3 
activities at the developmental stage when the embryo switches 
to lung respiration, this period is a critical time for the chick 
embryos to survive because they need more oxygen and energy 
for hatching.  

The ability to use glycogen reserves respectively in liver 
and pectoral muscle during the last 3 days of incubation has been 
positively correlated to thyroid hormone levels (De Oliveira 
2007). Moreover, Christensen et. al., (2003) observed that 
embryos and hatchlings with low levels of T3 were not able to 
utilize their energy reserves even when liver and muscle 
glycogen was plentiful. Bellabarba et. al., (1988) reported that 
the increase in plasma T4 may be related to elevation in thyroid 
hormone receptors in the liver and brain during mid-stage chick 
embryogenesis. The significant observed elevation in plasma T4 
levels before hatch at this study is in agreement with previous 
results reported by McNabb (2000) and Reyns et. al., (2003), 
moreover they concluded that the significant increment in 
thyroxin levels during this stage is very important for stimulating 
a variety of developmental, physiological and metabolic 
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processes necessary for successful hatching. Thyroid hormones, 
both T4 and T3, showed significant positive correlations with 
chick embryonic body weight, suggesting that thyroid hormones 
appear to be critically important in maintaining normal growth 
and development during chick embryogenesis.  

Depending on the previous results, it can be concluded 
that the observed significant increase in the thyroid hormones 
during embryonic development in this study is logically since 
they are necessary for most body functions. They directly affect 
a number of physiological processes and are required for the 
permissive actions of other hormones, moreover, thyroid 
hormones are very important for embryo growth and stimulating 
a variety of developmental, physiological and metabolic 
processes necessary for successful hatching. 
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Table (3): Effect of ostrich embryos age on blood chemistry 
(Mean±S.E). 
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Fig. (1): Effect of ostrich embryos age on plasma  
Glucose concentration 
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Fig. (2): Effect of ostrich embryos age on plasma  
Total Lipids concentration 
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Fig. (3): Effect of ostrich embryos age on plasma 
Triglycerides concentration 
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Fig. (4): Effect of ostrich embryos age on plasma  
Cholesterol concentration 
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Fig. (5): Effect of ostrich embryos age on plasma  
Alkaline Phosphatase concentration 
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Fig. (6): Effect of ostrich embryos age on plasma  
Acid Phosphatase concentration 
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            Fig. (7): Effect of ostrich embryos age on plasma  
           Tri-iodothyronine (T3) concentration 
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Fig. (8): Effect of ostrich embryos age on plasma  

Thyroxin (T4) concentration 
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4-1-7- Hematological parameters of ostrich embryo: 
Ostriches have been of economic importance for many 

years, data relating to their basic hematological parameters 
especially during embryonic stage are rare. Measurement of 
hematological parameters during embryonic stage provides 
valuable information for evaluating embryos requirement during 
embryonic development.  

The results of ostrich hematological parameters during 
embryonic stage are presented in Table (4). The data clearly 
showed that erythrocyte counts (RBCs) increased gradually with 
increasing embryo's age reaches its maximum value (3.15 
million per mm3) at the 42nd day of age. The RBCs values at 41 
and 42 days of incubation were significantly higher (P<0.05) 
than that estimated at all the other sampling days. Since the 
hemoglobin concentration is highly correlated with RBCs 
counts, hemoglobin concentration (Hb) often takes the same 
pattern of RBCs counts during embryonic development. 
Hemoglobin content in the embryo's blood significantly 
increased from day 20 of incubation (3.86 g/dl) to day 30 of 
incubation (6.0 g/dl) and from day 30 to day 34 of incubation 
(6.9 g/dl),  hemoglobin concentration at 36, 38 and 39 days of 
incubation increased slightly with no significant differences 
among  these days, starting from the 40th  day until the 42nd  day 
of  incubation there were a significant differences (P≤0.05) 
among  these days in the Hb concentrations, the Hb 
concentration reached it's maximum level (9.86 g/dl) in the 
embryos blood at the 42 day of incubation. Meanwhile, 
hematocrite value (PCV), as it reflects status of RBCs counts and 
Hb content of the blood, it logically increased with advancing in 
age to reach its highest level (51%) at 42- d-old embryos. As the 
embryo developed, leukocytes counts (WBCs) gradually 
increased with increasing embryo ages Table (4). The value of 
WBCs at 42nd day old embryo (9.33×103) was significantly 
(P<0.05) higher than the other WBCs values at any embryonic 
age. 

The previously mentioned results agree with that reported 
by Levi et. al., (1989a,b) who found a significant increase 
(P<0.05) in erythrocyte count, Hb concentration and PCV value 
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with increasing ostrich age . Talebi et. al., (2005) and Islam et. 
al., (2004) observed high correlation between age and 
hematological parameters of broiler strains. Moreover, they 
reported that erythrocytic parameters and leukocytic parameters 
were significantly increased with advancing in age. Raukar and 
Simpraga (2005) and Durgun et. al., (2005) demonstrated that 
the age of ostrich has a direct influence on total erythrocyte 
count, hemoglobin concentration, hematocrit, and total leukocyte 
count. Hawkey et. al., (1984a) and Palomeque et. al., (1991) 
reported the occurrence of lower PCV, RBCs and Hb levels in 
young ostriches as compared with the adults. These low values 
were accompanied by relative microcytosis and hypochromia, 
which gradually increased with age reaching a maximum at 
maturity. A similar pattern has been demonstrated for 
erythrocyte count, WBC count, Hb concentration and PCV value 
in Japanese quail by (Christensen et. al., 1982 and Elaroussi 
and Elbarkouky 2003). Romanoff (1960) reported that chicken 
embryonic RBC, Hb and PCV increase several folds during the 
incubation period. The greatest increase takes place during the 
latter stage of incubation to reach values comparable to adults at 
hatch.  Hemoglobin concentration measured during pipping 
increased as expected by increasing RBC (Bagley et. al., 1990). 

The primary physiological function of the red blood cells 
(RBCs) is to carry hemoglobin which sequentially carries 
oxygen to tissues. The fundamental role of the red blood cell is 
oxygen transportation. (Burggren 2005). The increase in RBCs 
and Hb during embryonic growth might have been initiated by 
the increase of erythropoietin from kidney and this resulted in 
increased rate of erythropoiesis (Baumann and Dragon 2005).  
Khorrami et. al., (2008) reported that O2 transport to the 

embryo's, metabolically active tissues  depends upon the number 
of red blood cells and the concentration and character of the 
avian embryonic hemoglobins. Dragon and Baumann 2003 and 
Maina 2004 reported that changes in hematocrit (Hct) and 
hemoglobin concentration (Hb) and thus changes blood O2

 

transporting capacity are inducible well before hatching. Chan 
and Burggren (2005) reported that erythropoiesis  assists the 
chicken embryo in maintaining normal levels of blood O2 
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transport.  Avian embryos, exhibit relatively complex 
chemoreceptor reflexes by at least the last third of embryonic 
development period (Crossley et. al., 2003b; Khandoker et. al., 
2003),and arterial hypoxia may additionally stimulate  and 
increased cardiac output, enhanced erythropoiesis raising Hct 
and redistribution of blood flow within the tissues. Hematocrit 
has the potential to affect developing embryos, Khorrami et. al., 
(2008) reported that hemaocrite was significantly affected by 
developmental stage of chicken embryos and increased 
significantly from day 15 day 17. Regulation of hematocrit is an 
important component in maintaining blood oxygen homeostasis 
(Khorrami 2004). Increases in environmental oxygen, 
hemoglobin concentration or the number of available red blood 
cells can increase blood oxygen transport to the tissues (Hillman 
et. al., 1985). Moreover, the increase in hemoglobin-O2 affinity 
between day 8 and day 18 of incubation corresponds to the 
period where metabolic rate reaches its maximum pre piping 
plateau, and hypoxia begins to develop within the egg 
(Nikinmaa, 1990; Dzialowski et. al., 2002). 
          The chicken embryo grows quickly during the first 2weeks 
of age and oxygen uptake increases geometrically. The increase 
in oxygen uptake becomes asymptotic, reaching a plateau prior 
to pulmonary respiration and increases again after internal 
pipping (Tazawa and Whittow 2000).  

At the beginning of development, the single cell 
consumes oxygen to generate the energy required to divide, 
reorganize, and differentiate. As the embryo continues to grow 
and mature, its metabolic rate increases to support a larger mass, 
continued growth, functioning organ systems, and movements 
(Black 2003). As the embryo approaches hatching its oxygen 
requirement exceed the rate of oxygen diffusion across the shell 
(Ar et. al., 1980; Tazawa 1980; Reeves 1984). 

During the first 80% of incubation time the physiology of 
the cardiovascular and respiratory systems is sufficient to 
support the metabolic requirements of the growing embryo 
(Tazawa et. al., 1988). There is little change in the oxygen 
consumption until internal pipping and the beginning of 
pulmonary respiration at 90% of incubation time, when 
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convective respiration and direct access to air increase the 
amount of oxygen available to the embryo (Rahn et. al., 1974). 
Following external pipping, chorioallantoic membrane (CAM 
)circulation is reduced and the circulatory pathways to the lungs 
open to prepare the embryo for hatching (Tazawa and 
Takenaka 1985).  
        Oxygen is required by avian embryos for maintenance of 
existing tissues and for synthesis of new cells from raw materials 
contained within the egg (Altimiras and Phu 2000; Wieser 
2002). Aerobic metabolic activity requires O2 for the production 
of energy and is determined by the rate of O2 delivery to the 
tissues (Pelster 1997; Nakane and Tsudzuki 1999). Hypoxia 
during incubation retards embryonic growth, prolongs 
incubation, and reduces hatching success (Altimiras and Phu 
2000). Hypoxia also alters the timing of the switch from 
embryonic to adult hemoglobin (Baumann et. al., 1983). The 
sigmoid growth curve of the embryo is paralleled by both total 
oxygen consumption (Hopkins and Powell 2001). It is believed 
that embryonic growth in the chick is regulated by the oxygen 
partial pressure in embryonic blood (Kavida et. al., 2002).  
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Table (4):  Effect of ostrich embryo ages on blood 
Hematology (Mean±S.E).  
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4-1-8- Eggshell (Ca) and (P) concentrations of ostrich  
            egg during incubation 
 Eggshell calcium (Ca) and phosphorus (P) content of 
ostrich eggs during incubation are shown in Table (5). The 
eggshell content of calcium (Ca) and (P) were decreased 
gradually as the embryo advanced in age. It reached its minimum 
average (15.42 mg/g) and (0.48 mg/g), respectively at hatching 
day (42d). 

The eggshell consists of several mutual layers of calcium 
carbonate (CaCO3). The major elements in the eggshell are 
calcium, magnesium, sodium, and carbonate. The elemental 
composition of eggshell has been reported to be about 98.2% 
calcium, 0.9% magnesium and 0.9% phosphorus (Powrie 1972; 
Kermanshahi and Hadavi; 2006; Vetter and Grady 2005). 
Approximately 80% of the calcium requirements of the chick by 
the time of hatch are derived from the eggshell (Simkiss 1961; 
Richards and Packard 1996; Packard and Packard 1991). 
Most of the calcium in the chicken egg (1526 mg in this example 
egg of 58 g) is in the shell, where is available to the embryo after 
it is mobilized (Richards and Packard 1996). Abdel-Salam et. 
al., (2006) reported that calcium is the most important 
constituent of the eggshell. Phosphorus (P) stores are more 
problematic given that the shell contains very minimal amounts 
of P, and thus the only amounts available for all functions, 
including phospholipid synthesis, bone growth and 
mineralization, are found primarily in the yolk (Richards and 
Packard 1996). 

The observed lower Ca content in the eggshell of hatched 
eggs in this study is in agreement with many literatures which 
are dealing with this research point, they attributed the reduction 
in the Ca content of the shell to Ca withdraw from the eggshell 
for embryo bone formation during incubation. In this respect, 
Saleh (1988) attributed the thin shell of hatching eggs to the 
more consumption of Ca by the live embryos than the dead in 
shell ones. Also, Davis and Christensen (1995) showed that 
pores became wider during ostrich egg incubation which may be 
due to a reduction in the shell thickness. Furthermore, Tuan and 
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Zrike (1978) reported that after the early period of embryonic 
growth, the primary source of Ca (over 80%) was mobilized via 
shell absorption (dissolution of the shell) by the chorioallantoic 
circulation by mechanisms similar to bone resorption and the 
shell was the only sources of Ca in late incubation. Akins and 
Tuan (1993) reported that chicken eggshell supplies 
approximately 80% of the calcium found in the hatchling chick. 
In the same respect, Elaroussi et. al., (1994) pointed out that 
Japanese quail embryos mobilize 75% of the required Ca for 
their development and skeletal growth from the eggshell. 
Embryos of domestic fowl obtain most of the calcium required 
for skeletogenesis from the eggshell (Packard and Clark 1996) 
via a mechanism which is thought to be similar to that used to 
resorb / remove calcium from bone (Narbaitz et al 1981). This 
process requires the active transport of calcium across the 
ectodermal cell layer of the extraembryonic chorioallantoic 
membrane (Terepka et. al., 1969).  

The mechanism for mobilizing calcium from the shell is 
thought to be similar to the mechanism for resorbing calcium 
from bone (Zaidi et. al., 1993), and certain cells of the 
chorioallantoic membrane share a number of morphological and 
biochemical similarities with osteoclasts, the cells responsible 
for resorbtion of calcium from bone (Anderson et. al., 1982).  

4-1-9- Plasma (Ca) and (P) concentrations of ostrich  
          embryos during incubation  
 Plasma (Ca) and (P) concentration of ostrich embryos 
during incubation are presented in Table (5). Embryos plasma 
(Ca) and (P) concentrations increased gradually as the embryo 
advanced in age, the increase reached its maximum (6.75 and 
5.02 mg/g) at hatching day (42d). This finding is in agreement 
with Elaroussi and Elbarkouky (2003) who reported that 
plasma (Ca) and (P) concentration of Japanese quail embryos 
increased gradually as the embryo advanced in age, with the 
greatest increase at hatching day.  Šimpraga et. al., (2004) 
attributed the high phosphorus content in the embryos serum to 
the fact that during embryonic development, the energetic 
metabolism is very active, and phosphorus, as a component of 



 

 

 85

energy-rich compounds (creatine phosphate and adenosin 
triphosphate) plays a very important role.  

Christensen and Biellier (1982) stated that increased 
plasma Ca in embryos at the time of pipping and hatching 
increased physiological muscular mechanism and muscular 
activity of the embryo to break and free itself from the shell. 
Grabowski (1966) and Christensen and Eden (1985) found 
that increasing plasma Ca in turkey eggs at 25 days of incubation 
improved hatchability. Christensen and Biellier (1982) reported 
that increased plasma Ca may play a role in increasing muscular 
activity and ionic Ca stimulates muscular contraction. 

4-1-10- Bone calcium (Ca) and phosphorus  
            (P) concentrations of ostrich embryos 

Calcium and phosphorous are essential macro minerals, 
they playing an important role in the normal bone system 
development of embryos (Julian 2005; Almeida et. al., 2006). 
Phosphorus may affect more biological systems than any other 
element. It is an important element in many body functions 
including bone formation, phospholipid synthesis, acid-base 
balance and metabolism of fat, proteins, carbohydrates and lipids 
(Higwill and Winged 1998; Celebi et. al., 2005). 
 Bone (Ca) and (P) concentration of ostrich embryo during 
incubation are presented in Table (5) .Calcium and phosphorus 
content increased significantly (P<0.05) as the embryo grows up, 
a much higher (Ca) and (P) content at hatching day (42d) were 
observed . The previous results, is in agreement with Elaroussi 
and Elbarkouky (2003) who found that bone (Ca) and (P) 
concentration of Japanese quail increased gradually as the 
embryo advanced in age, with a maximal concentrations at 
hatching day.  

Calcium is a major nutritional requirement for developing 
chicken embryo. As extensive mineralization of the embryonic 
skeleton begins, after day 10 of incubation, large amounts of 
calcium are mobilized from the calcite stored in the eggshell. 
Nearly 80% of the approximately 140-180 mg of calcium in the 
days 20-21 hatchling chicken is derived from the eggshell 



 

 

 86

(Romanoff 1961) and is transported into the embryonic blood 
stream by the chorioallantoic membrane  (Tuan 1987). 
 Avian embryos assimilate large amounts of calcium in 
their bones in a short time. The avian embryo utilizes calcium 
contained in the eggshell and yolk for bone mineralization. The 
chicken egg yolk has about 20 mg of calcium, which is not 
enough to mineralize the embryonic skeletal system, which 
contains 120-130 mg of calcium at hatching (Simkiss 1967). 
Therefore, the greater part of calcium (over 100mg) has to be 
supplied from the eggshell. 

During embryonic skeletal calcification in the chick 
embryo, the chorioallantoic membrane (through its circulatory 
system) is responsible for mobilizing over 100 mg of calcium 
from the eggshell into the embryonic circulation (Romanoff 
1967). The chorioallantoic membrane lines the interior of the egg 
shell and beings to transport calcium at days 10-12 of embryonic 
life until hatching at day 21 (Tuan and Scott 1977). Crooks et. 
al., (1976) demonstrate that the Ca2+transport function of the 
chorioallantoic membrane is highly developmentally regulated, 
after 12 to14 days of incubation, and continuing to increase 
steadily until hatching. The ossification of the skeleton of 
chicken embryos occurs mainly in the later half of incubation 
and is well advanced at the time of hatching (Simkiss 1962). 
Kubota et. al., (1981) reported that the fresh weight and calcium 
content of embryonic tibiae during incubation began to increase 
at day 12 and attained maximal values at day 19 (2 days before 
hatching) when the bone calcium content almost reached a 
maximum. The maximal value of Ca2+binding activity of the 
chorioallantoic membrane was about 10 times higher than the 
basal value at day 12. 
 From the above-mentioned results, it can be concluded 
that the significant observed increase in bone (Ca) and (P) of the 
ostriches embryo in this study is mainly due to the rapid 
calcification of the skeleton that took place during the last week 
of incubation.  
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Table (5): Effect of ostrich embryo ages on calcium and 
phosphorus concentrations in plasma (mg/dl), bone and  eggshell 
(mg/g) (Mean ± S.E). 
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4-2–CHANGES OF SOME PHYSICAL   
      CHARACTERESTICS OF OSTRICH EGGS ALONG    
      INCUBATION PERIOD 
4-2-1-Percentage of egg weight loss (EWL %) during  
          Incubation period 

Data concerning percentage of egg weight loss of ostrich 
egg during incubation period is listed in Table (6).  Examination 
of data clearly showed that percentage of egg weight loss 
increased gradually as the embryo advanced in age, with the 
greatest increase at hatching, it can be observed that percentage of 
egg weight loss at hatch (42d) reached approximately 4 folds 
(14.4%) than at 20th -day (3.5%) of the embryonic age. 

During incubation, water is lost across the egg shell at a 
rate that is dependent on the number and area of pores and the 
depth of the pores (shell thickness).The previous results  agreed 
with results of  many authors, who reported different percent of 
egg weight loss to achieve successful hatching percent under 
artificial incubation conditions e.g., 12-15.5% (Jarvise et. al., 
1985 and Simon and More 1996), 10-13% (Bowsher 1992), 
12.24-12.97 % (Ipek and Sahan 2004), 13.2% (Wilson et. al., 
1997), 14.2% (Nahm 1999) and 15% (Deeming 1993). Saito et. 
al., (1999) reported that both lower and higher rate of water loss 
decreased hatchability.  The eggs hatched with water loss  below 
10% produced oedemetons, sluggish and unabsorbed yolk 
chicks. The failure to lose sufficient weight can reduce 
hatchability. In this respect, Angle (1995) stated that most 
oedema was generally considered to result from insufficient 
water loss from the egg during incubation. Deeming (1993) 
demonstrated that insufficient water loss result in poorly 
developed air cells, poor gas exchange and wet or ‘water-logged‘ 
oedematous embryos, many of which die at or near point of 
hatch or soon after. Also, low water loss (<13%) indicated low 
permeability of the eggshell to water vapour and other gases. If 
the permeability is very low then additional problems of oxygen 
supply or carbon dioxide removal can complicate the survival of 
the embryos later in development (Tullett and Deeming 1982). 



 

 

 89

Reduction in hatchability % and survival of the hatching due to 
high or low egg weight loss during incubation was explained by 
Badley (1997). He reported that low weight loss results in 
reduced hatchability through reduces oxygen uptake and calcium 
metabolism and causes oedema in chicks, while excessive 
weight loss results in reduced hatchability through dehydration 
of embryos and prevent hatching.  

Nashat (2005) reported that the percentage of egg weight 
loss lower than 13% and higher than 17% were significantly 
higher in un-hatched than in hatched eggs. Consequently, the 
recommended egg weight loss during incubation period (13-
17%) was significantly higher in hatched (95.5%) than in un-
hatched eggs (40.0%). Similar results were reported by Nahm 
(1999) who found that the weight loss of fertile ostrich eggs 
(14.2%) during the 40 days of incubation was significantly 
higher in the egg that hatched than in those that failed to hatch. 

Blood et. al., (1998) and Saito et. al., (1999) showed that  
embryonic deaths  were curve linearly related to evaporative 
water loss to day 35 of incubation and the higher death rates 
occurred in eggs with <10% and  >19% water loss. They 
postulated that the percentage weight losses during the 
incubation of the egg hatched were 0.33% per day and the fertile 
eggs that did not hatch had higher or lower percentage weight 
loss.  

4-2-2-Eggshell Thickness and Porosity 
Eggshell thickness and porosity of ostrich egg during 

incubation are presented in Table (6). Examination of the data 
clearly showed insignificant reduction in eggshell thickness 
among 20, 30, 34 and 36 days of incubation and among 36, 38, 
39, 40, 41 and 42 days of incubation, respectively. Moreover,  it 
could  be observed that eggshell thickness at 0 day of incubation 
was (0.192 mm) and reached the (0.18 mm) at 42 days of 
incubation. However, there were no significant differences 
between eggshell porosity of ostrich eggs during incubation. 

It is common knowledge and well stated that the eggshell 
is an important source of calcium for the developing embryo 
(Romanoff and Romanoff 1949). The eggshell provides the 
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embryo with minerals and calcium needed for the development 
of calcium consuming organs including the skeleton, muscles 
and brain (Wilkin et. al., 2009).  

The results of the present study are in agreement with 
those obtained by Bunck et. al., (1985) who showed that shell 
thickness decreased throughout incubation, and Balkan et. al., 
(2006) who reported significant changes in eggshell thickness, 
shell conductance and pore density during incubation in the 
Peking duck. Developing embryos utilize calcium from the 
eggshell, developmental stage can be expected to cause eggshell 
thinning (Castilla et. al., 2007; Karlsson and Lilja 2008). 
Castilla et. al., (2010) who cleared that eggshell thickness was 
significantly affected by the developmental stage of the eggs  
and the fully developed embryos had thinner shells than eggs 
with non-developed embryos and with Vanderstoep and 
Rishards (1970) who reported that changes in shell thickness 
and weight of eggs began during the last quarter of incubation 
period.  

Eggshell thickness reduction during incubation  can be 
due to the uptake or progressive absorption of calcium by the 
embryo and the decrease of eggshell hardness likely facilitate the 
breaking of the eggshell by hatchlings /at the end of the 
incubation. During development the avian embryo needs calcium 
for the ossification of the developing skeleton. Some of this 
calcium is deposited in the yolk when the egg is laid, but towards 
the end of incubation additional calcium is mobilized from the 
eggshell, and the mobilization of calcium causes the eggshell and 
pore length to thin to some degree (Nys et. al., 2004).  

4-2-3-Shell, albumen, yolk and embryo relative weights  
Shell, albumen, yolk and embryo relative weights of 

ostrich eggs during incubation are given in Table (6). 
The data clearly showed that shell relative weights of 

ostrich egg during incubation decreased significantly (P<0.05) as 
the embryo advanced in age (from 20.1% at day 0 to 18.05% at 
hatch). Albumen relative weights decreased significantly (P 
<0.05) as the embryo advanced in age (from 52.6% at day 0 to 
1.5% at hatch). Yolk relative weights decreased significantly 
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(from 26.5 % at day 0 to 19.5% at hatch). The initial yolk wet or 
dry mass of an ostrich egg is approximately (370, 185g), 
respectively. Thus, a residual yolk wet or dry mass of (273, 137 
g), respectively, means that only ~26% of the initial yolk mass is 
utilized during the course of embryonic development. Moreover, 
embryo relative weights increased gradually as the embryo 
advanced in age 3.65 % at day- 20 to 45.1% at hatch).  

The avian egg is a complete environment capable of 
sustaining embryonic development from the earliest stages of 
blastulation through hatching. At the time of oviposition, the 
chicken egg is composed of ~ 56% albumen, 32% yolk and 12% 
shell (Romanoff and Romanoff 1949). In the case of ostrich, 
the ostrich egg is composed of approximately 50-57.1 % 
albumen, 23.3-30% yolk and 19.6-20% shell and membrane of 
the total egg mass (Carey et. al., 1980 and DiMeo et. al., 2003).  
The results of the present study are agreed with those obtained 
by Peebles et. al., (1999) who reported that relative yolk weight 
and albumen weight of chicken embryo decreased during 
incubation. Also, relative wet and dry embryo weights changed 
in a similar manner, with rapid increases between days 12 and 18 
of incubation.  

4-2-4-Percentage of Yolk Total Lipids 
Percentage of yolk total lipids of ostrich egg during 

incubation are given in Table (6) and illustrated in Fig (9). Data 
showed that percentage of yolk total lipids of ostrich egg during 
incubation decreased significantly as the embryo advanced in 
age from 58.3% of the yolk’s dry matter at (day 0) (fresh egg) to 
33.5% of the yolk’s dry matter at hatch (42d). The initial yolk 
total lipids dry mass of an ostrich egg is approximately 105 g. 
Thus, a residual yolk total lipids dry mass of 62 g, means that 
only 23% of the initial yolk mass is utilized during the course of 
embryonic development.Growth and development of the avian 
embryo are reliant on the transfer of nutrients from the yolk to 
the embryonic tissues. This transfer is mediated by the yolk sac 
membrane (Powell et. al., 2004). Lipids, which form about 33% 
of the wet mass and 60-65% of the dry mass of the yolk, are 
vitally important nutrients for the avian embryo (Applegate 
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2002). They provide almost all of the energy required for 
development as well as supplying components for the synthesis 
of cell membranes (Speake et. al., 1998a). The present results 
are in accordance with this obtained by Deeming 1997 who 
reported that lipids are 30% of the total yolk weight and ~60% of 
its dry mass in ostrich eggs and that they are the primary nutrient 
source to assure embryo’s vitality (Noble et. al., 1996 and 
Speake et. al., 1998a).The initial yolk dry mass of an ostrich egg 
is approximately 180 g (Deeming 1997). Thus, a residual yolk 
dry mass of 137 g means that only 24% of the initial yolk mass is 
utilized during the course of embryonic development. In the case 
of the embryo of the king penguin, a seabird, Decrock et. al., 
(2001) reported markedly decrease of total lipid, triacylglycerol, 
and phospholipid in the yolk by ~80% during the second half of 
development, indicating intensive lipid transfer to the embryo. 
Studies performed mainly on the chicken embryo have indicated 
that lipids are transferred very rapidly from the yolk to the 
embryo during the second half of the avian embryonic (Speake 
et. al., 1998a). The last seven days of neonatal chicken are 
notable as an intense period of lipid metabolism and rapid 
embryonic growth (Noble and Cocchi 1990). With the rapid 
absorption of lipid from the yolk, there is an associated 
accumulation of lipid within the embryonic tissues (Noble et. al., 
1986 and Peebles et. al., 1999). Also, the fatty acids released by 
the transport and metabolism of yolk lipids during avian 
development are used by the growing tissues for energy, 
membrane synthesis, or lipid storage (Decrock et. al., (2001).  

Yolk lipids are the primary nutrient source for the avian 
embryo development and growth (Noble 1986). In addition to 
being the major energy source of the developing embryo, the 
lipids provide a range of essential components for tissue 
development and function and its role in embryo survival and 
viability (Shand et. al., 1993 and Noble et. al., 1996a). The ß-
oxidation of fatty acids derived from yolk lipids provides the 
avian embryo with more than 90% of the energy required for 
development and growth. (Noble and Cocci 1990) and 
approximately 50% of the initial fatty acid content of the yolk is 
recovered in the tissue lipids of the chick (Lin et. al., 1991), 
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while the remaining part is used for energy production. The yolk 
lipids are also vital source of phospholipids and cholesterol for 
the biogenesis of cell membranes of the growing tissue (Speake 
1999).  
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Table (6): Effect of ostrich embryo ages on some physical characteristics 
(Mean±S.E). 
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            Fig. (9): Effect of ostrich embryos age on  
                           the percentage of total lipids in the egg yolk 
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4-2-5- Plasma fatty acid profile of ostrich embryos during   
             incubation: 

The effect of ostrich embryos age on plasma fatty acids 
profile are presented in Table (7).  Examination of the data 
clearly showed that plasma lauric fatty acid percentage (C12:0) 
decreased significantly from 8.13% of total fatty acids (FA) at 
(20d) to 4.88% at (38d) of incubation followed by significant 
increase from 6.05% at (39D) to 7.28% at (42d) of the 
embryonic development. Myristic acid (C14:0) decreased 
significantly from 22.57% at (20d) to 15.58% at hatch (39-42d). 
Pentadeconic acid (C15:0) increased significantly from 4.79 % at 
(20d), to 15.2 % at hatch (40d) then declined to (7.6 and 7.07%),  
respectively, at 41 and 42 days of incubation. Both palmitic acid 
(C16:0) and palmitoleic (C16:1) are disappeared during early 
and late embryonic development. Meanwhile, it can be observed 
that palmitic and palmitoleic acid reached 1.14 and 3.11 %,  
respectively at (38d) of the embryonic age. Stearic acid (C18:0) 
decreased significantly from 6.14 % at (20d) to 2.98% at hatch 
(39-42d). There were in significant differences among (34-36), 
38, 39, 40, 41 and 42 days of incubation. Oleic acid (C18:1) 
decreased significantly from (43.5 and 46.16) % at (20 and 30d), 
respectively  to 34.69% at hatch (42d). Linoleic acid(C18:2)  
percentage increased significantly from 15.03 % at (20d) to 
17.28% at (34-36d) then decline to 13.96% at (42d).There were 
insignificant differences in plasma linoleic acid during early and 
late embryonic development. Both plasma linolenic (C18:3) and 
arachidonic (C20:4) acid are disappeared during early and late 
embryonic development, meanwhile, it can be observed that 
plasma linolenic and arachidonic acid reached 0.72 and 0.38%, 
respectively at (38d) of the embryonic age. 

4-2-6- Yolk fatty acids profile of ostrich embryos during  
           incubation: 
     The Effect of ostrich embryos age on yolk fatty acids 
profile are presented in Table (8). The data clearly showed that 
as incubation proceeded, yolk lauric fatty acid percentage 
(C12:0) decreased significantly from 1.18 % at 0 day (fresh 
yolk) to 0.33% of total FA at hatch (38-42d). Myristic acid 
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(C14:0) decreased significantly from 25.63% fresh yolk (0d) to 
20.64 % at hatch (36-42d). Pentadeconic acid (C15:0) decreased 
significantly from 6.44 % at 0d (fresh yolk) to 4.06% at hatch 
(42d). There were insignificant differences in pentadeconic acid 
during early embryonic stages at among (0, 20, and 30d) and late 
embryonic stages at among (34-36), 38, 39, 40, 41 and 42 days 
of incubation, respectively. Palmitic acid (C16:0) decreased 
significantly with progress of age during incubation. It can be 
observed that yolk palmitic fatty acid percentage disappeared 
during the last 6 d of incubation or embryonic development. The 
highest palmitic acid (0.37) was found at (0d) of the embryonic 
age. However, there were insignificant differences in palmitic 
acid during early among 0, 20 and 30 days of incubation. 
Palmitoleic acid (C16:1) decreased significantly with progress of 
age during incubation. It can be observed that palmitoleic acid 
disappeared during the last 6 d of incubation. The highest 
palmitoleic acid (0.83) was found at (0 day) of the embryonic 
age. However, there were insignificant differences in palmitoleic 
acid during early among 0, 20, 30, 34 and 36 days of incubation. 
Stearic acid (C18:0) decreased significantly with progress of age 
during incubation from 6.75% fresh yolk (0 d) to 0.88% at hatch 
(36-42d).There were insignificant differences among (34-36), 
38, 39, 40, 41 and 42 days of incubation. Oleic acid (C18:1) 
decreased significantly with progress of age during incubation 
from 43.99 % at 0day (fresh yolk) to 35.33% at hatch (38-
42d).There were insignificant differences among 30. (34-36), 38, 
39, 40 and 41 days of incubation. Linoleic acid (C18:2) 
decreased significantly from 8.42 % at  0 day (fresh yolk) to 
4.97% at hatch (42d). Linolenic acid (C18:3) decreased 
significantly from 0.97% at 0day (fresh yolk) to 0.66% at hatch 
(38-42d).There were un significant differences among 20, 30, 
(34-36), 38, 39, 40 and 41 days of incubation. Arachidonic acid 
(C20:4) decreased significantly with progress of age during 
incubation from 0.49% at 0 day (fresh yolk) to 0.00% at hatch 
(38-42d). 

Lipids metabolism is an important aspect of chick 
embryonic development because avian embryos derive over 90% 
of their caloric requirement from fatty acid oxidation 
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(Donaldson 1981). The embryo requires fatty acids to synthesize 
phospholipids for membrane formation, and for synthesis of 
triglycerides for energy storage (Donaldson 1981). These 
properties make lipids a most efficient reservoir of energy. 
Moran (2007) reported that fatty acids are already stored in egg 
yolk as triacylglycerol and phospholipids to be used for energy 
and membrane synthesis. Essential fatty acids are preserved for 
cell membrane synthesis while saturated fatty acids are 
consumed to sustain the increasing caloric needs of formed 
tissues. A relatively great amount of energy is used to sustain 
embryonic pipping movements to break the shell, and body 
rotation. Beta oxidation is a very important means to produce 
energy during incubation, (Foye et. al., 2006 and Christensen 
et. al., 2003).  

During avian embryonic development, lipids are 
transferred sequentially from the yolk to the yolk sac membrane 
and subsequently to the plasma and then to the embryonic 
tissues, with the liver in particular accumulating large amounts 
of lipid (Noble and Speake 1997 and Speake et. al., 1998a). 
Fatty acids derived from yolk lipids are distributed among the 
growing tissues of the embryo where they are used for various 
purposes including oxidation for energy, formation of fat stores 
and synthesis of membrane phospholipids (Groscolas et. al., 
2003).Changes in the fatty acid composition of the plasma are 
also observed over the incubation period (Schjelde et. al., 1980). 

In this study, a large reduction in the yolk concentration 
of linolenic (0.97%), palmitic (0.37%), palmitoleic (0.83%) , 
arachidonic ( 0.49%) and linoleic  acids (8.42%)  are in contrast 
with Noble et. al., (1996) who found that  in the eggs from the 
wild ostrich in which hatchability rises by  90%, yolk lipids 
displayed high concentrations of linolenic acids (21.8%), linoleic 
(9.7%), Palmitic acid  (23.7%), palmitoleic (6.59%) , arachidonic 
acids (0.65 %) . As opposed to the domesticated chicken in 
which linoleic acid is the predominant polyunsaturated fatty acid 
of the yolk lipids, and its importance in embryo development, 
particularly embryo’s brain and retina, results in a major 
consideration in diet formulation, while in ostrich under normal 
conditions i.e., the wild state, the predominant polyunsaturated 
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fatty acid is linolenic and its content is much greater than in 
poultry (21.8% vs 1.4%) (Leskanich and Noble 1997). 

The major dietary components of the wild ostrich would 
suggest a considerably greater emphasis on linolenic acid intake. 
Noble et. al., (1996) showed that low hatchability and neonatal 
viability characteristics of farmed ostriches may be due to 
inadequate amounts of n-3 fatty acids in the yolk. Surai et. al., l 
(2001) demonstrated that in  eggs  containing  decreased  
proportions  of  n-3  fatty  acids increased  incidence  of  
embryonic  mortality. Hermes (1989) and Angel (1993) 
suggested that short supply of linolenic acid can cause embryo 
mortality or deformity at different stages and effect hatchability 
in ostriches. 

This  shift  in  yolk  fatty  acids  profile  suggests  that  the  
amounts  and  proportions  of  polyunsaturates  in  the  yolk  of  
captive  birds  may  not  be  sufficient  to  meet  the  demands  of  
developing  embryonic tissues  and diminish embryonic viability 
(Surai et. al., 2001).   

The Primary importance of yolk lipids as nutrients for the 
avian embryo is well established (Speake et. al., 1998). The 
oxidation of fatty acids provides almost all of the energy required 

for embryonic development, whereas the intensive synthesis of 
cell membranes during tissue growth also depends on the supply 
of lipids from the yolk (Speake et. al., 1998). Additionally, in 
some avian species, lipids derived from the yolk are used to form 
adipose tissue in the embryo (Farkas et. al., 1996; Speake et. 
al., 1998). The lipids  stored in adipose tissue may represent a 
source of energy that can be rapidly mobilized to enable the 
chick to cope with the demands of hatching and of early post 
hatch life (Farkas et. al., 1996).  

The polyunsaturated profile of the yolk varies greatly 
between avian species (Surai et. al., 1999). Fatty acids profile of 
yolk is also largely a reflection of the fatty acid composition of 
the diets, as demonstrated in poultry (Hargis et. al., 1991; Nash 
et. al., 1995; Halle 2001).  

The essentiality of the polyunsaturated fatty acids of both 
the n-6 (linoleic) and n-3 (linolenic) series for embryo 
development throughout the animal kingdom is being 
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increasingly recognized (Henderson and Tocher 1987). Fatty 
acid requirements, especially during the final part of embryonic 
development are now explainable in terms of roles involving a 
range of metabolic features that enable rapid tissue growth and 
specific function (Salem 1989). Polyunsaturated fatty acids are 
proven to be essential for embryo viability (Mead 1971). 

Linoleic acid and ά-linolenic acid, which are the parent 
compounds of the n-6 and n-3 fatty acid families, respectively, 
cannot be synthesized by animals and have to be obtained from 
the diet. The poultry diets should provide an adequate level of 
linoleic and α-linolenic acids (Al-Athari and Watkins 1988a; 
Mannion et. al., 1992). Linoleic (18:2n-6) and a-linolenic 
(18:3n-3) acids can be converted to arachidonic acid (20:4n-6) 
and docosahexaenoic acid (22:6n-3), respectively, by elongation 
and desaturation reactions. It is, therefore, evident that the yolk 
lipids must contain polyunsaturates of both the n-6 and n-3 
families in amounts and proportions appropriate for the demands 
of the embryonic tissues (Speake 1999). The long-chain n-3 
PUFA derived from α-linolenic acid are present in the retina and 
nervous tissues (Rezanka 1989). Also, dietary α-linolenic acid 
may protect chicks from nutritional encephalomalacia induced 
by vitamin E deficiency (Budowski et. al., 1987). 

 Linoleic acid is important for maintaining the integrity 
and functionality of biomembranes. The concentration of linoleic 
acid in the membrane lipids can affect cell receptor binding, 
activity of membrane-bound enzymes, and permeability 
properties of membranes (Latour et. al., 2000). Another 
polyunsaturated fatty acid of interest is alpha-linolenic acid. An 
essential omega-3 fatty acid, high levels of it affect the activity 
of liver desaturases which ultimately affects the poly unsaturated 
fatty acids content of cellular membranes increasing the fluidity 
of cellular plasma membranes (Cherian and Sim 2001). 

Clauss et. al., (2003) reviewed that arachidonic (20:4n-6) 
and docosahexaenoic (22:6n-3) acids, the major metabolites of 
the n-6 and n-3 fatty acid families, respectively, are vital 
components of cellular and subcellular membranes. Both acids 
play a prominent role in the control and regulation of crucial 
cellular functions. Dihomogammalinolenic (20:3n-6), 
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arachidonic and eicosapentaenoic acid (20:5n-3) are precursors 
of the hormone-like eicosanoids. These are a complex group of 
biologically active compounds which are involved in the control 
and regulation of blood flow, cell-mediated immunity and 
inflammation, insulin release, and reproduction. Arachidonic 
acid (20:4n6) is a precursor for prostaglandins (PGI2 and PGE2) 
which stimulate bone growth. Prostaglandin E2 and I2 have been 
known to have a positive effect on growth and bone development 
(Friedman 1981; Croft et. al., 1985; Ackerman 1995).  

In the case of chicken, notable changes occur in yolk fatty 
acid composition as the incubation proceed (Noble and Cocchi 
1990). Alterations in fatty acids composition of egg yolk can 
have a dramatic impact on embryonic development (Donaldson 
1981). Ding and Lilburn (1996) found in turkey poults that all 
yolk sac fatty acids declined greatly during the second half of 
incubation. Noble et. al., (1988) observed that oleic acid 
concentration in the yolk sacs of chick embryos decreased with 
age. Ding and Lilburn (1996) also found that oleic acid 
comprised the largest proportion of total yolk fatty acids and that 
it largely increased in the liver of the embryo during incubation. 
Noble (1987) has further described a particularly high content of 
oleic acid (70 to 75% of total long-chain fatty acids) present in 
chick embryo liver cholesterol esters. Donaldson (1981) and 
Calder (2001) found that among de novo synthesized fatty acids, 
unsaturated fatty acids can be converted to saturated fatty acids, 
but the saturated fatty acids cannot be changed to unsaturated 
forms in embryonic tissues, such as the liver. Noble and Shand 
(1985)reported that  changes in yolk fatty acids may stem from 
changes in the activities of various enzymatic processes 
occurring in the yolk sac membrane and in lipoprotein transport. 
The D6- and D9-desaturases are capable of converting linoleic 
acid to arachidonic acid and stearic acid to oleic acid, 
respectively. A negative correlation between yolk linoleic and 
arachidonic acids on day 38 th supports earlier findings that 
arachidonic acid is derived from linoleic acid through 
appreciable 6-desaturation activity of the yolk sac membrane 
(Noble and Cocchi 1990; Noble and Shand 1985). As more 
arachidonic acid is produced by the yolk sac membrane, the level 
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of linoleic acid in the yolk would be expected to decrease. A 
negative correlation between yolk stearic and oleic acids at  day 
30th would also support earlier evidence of 9-desaturase activity 
in the yolk sac membrane, converting stearic to oleic acid (Noble 
and Shand, 1985; Cherian and Sim 1993). Furthermore, 
changes in yolk concentrations of linoleic, arachidonic, oleic, 
and stearic acid may be affected by breeder hen age (Latour et. 
al., 1998). The breeder age influences the utilization of yolk 
lipids by developing embryos, and that the type of fat provided 
in the diet may have an additional influence. Latour et. al., 
(1996) observed that at 36 wk of breeder age, the levels of oleic, 
linoleic and arachidonic acid were higher in yolks from hatched 
chicks compared to those of fresh eggs. While, a pronounced 
decrease (∼3.5 times) was observed in the level of palmitoleic 
acid in the hatched chick yolks when compared to that observed 
in fresh egg yolks. Furthermore, yolk palmitic acid 
concentrations were higher at hatch compared to those of fresh 
eggs. Conversely, the level of oleic acid observed in fresh egg 
yolks had decreased by time of hatch in eggs collected from 64-
wk-old breeders.  

Also, it is clear from the present work Table (8) that a 
29.2% of the total fatty acids (FA) content of the initial yolk was 
transferred during incubation, only 17.66% of the total amount 
was transferred to the embryo during the hatching period, to 
satisfy the energy required to synthesize new tissue (i.e., growth), 
to maintain existing tissue, and to support any physical activity, 

particularly the muscular movements that occur during the 
hatching process. Similarly, Farkas et. al., (1996) reported that 
25% of the FA content of the initial yolk was transferred to the 
embryo during incubation, only 22% of the total amount was 
transferred to the embryo during the hatching period. Additional 
energy was provided by the mobilization of the embryo's fat 
stores, which declined dramatically by 40% during hatching. 
Reductions in the fat stores of the chicken embryo, by as much as 
25%, have been observed during hatching. Lin et. al., (1991) 
demonstrated that 50% of the mass of FA originally present in 
the egg of the domestic chicken was recovered in the lipids of the 
hatchling plus residual yolk, indicating that about one-half of the 



 

 

 103

yolk's initial content of FA is oxidized for energy during 
embryonic development. Assuming that the residual yolk of the 
domestic chicken accounts for 25% of the initial yolk FA content 
(Noble and Cocchi 1990), it can be calculated from the data of 
Lin et. al., (1991) that 65% of the FA transferred from the yolk 
during embryonic development is oxidized for energy. Similarly, 
60% of the lipid transferred from yolk to embryo during 

development of the turtle Emydura macquarii is allocated to 
energy production (Thompson et. al., 1999). Groscolas et. al., 
(2003) reported that a much greater proportion (83%) of 
transferred FA is allocated to energy production during 
development of the king penguin than is the case for the chicken. 
The metabolic cost of avian embryo development is equal to the 
sum of the energy required to synthesize new tissue (i.e., 
growth), to maintain existing tissue, and to support any physical 
activity, particularly the muscular movements that occur during 
the hatching process (Vleck and Bucher 1998).  
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Table (7): Effect of ostrich embryos ages on plasma fatty acids profile. 
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Table (8):  Effect of ostrich embryos ages on yolk Fatty  
                              acids profile. 
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4-3- IN OVO FEEDING 
 From the above-mentioned results on embryos plasma 

chemistry, some biochemical and physical characteristics of  
ostrich eggs during incubation, in this study, established base 
line information on the normal hematological and biochemical 
values which are important for nutritional studies, detection of 
metabolic disorders, monitoring health status and for appropriate 
early diagnosis and treatment of diseases. Moreover, it was 
reported that most of the embryonic mortality of the ostrich 
embryos occurred in the final stage of embryogenesis (Deeming 

ska ń Szczerbiandska ńWierci ;1996, .al. et; Brown 1995
2005). This final stage of the embryonic development is 
associated with the increase in most of the biochemical and 
hematological parameters estimated in the embryos, blood. So, 
any reduction in these base line parameters during the final stage 
of incubation will reflect on the embryos health and thereafter on 
their capability to hatch. Also, within many literatures which 
dealing with this research point, aimed to improve the 
hatchability of poultry industry in general, and in an effort to 
improve the hatchability and hatching performance of ostrich 
eggs in particuler by testing the effect of in ovo injection of 
several nutrients. Therefore,  it can be hypothesized that, the 
embryos receiving an exogenous supply of amino acid proline, 
two of vitamin B complex pyridoxine and biotin and two of fat 
soluble vitamins: Vit.D3 and Vit. E, and essential fatty acid 
(Linolenic acid) during incubation will sustain proper embryonic 
development, improve embryonic livability/ viability, will 
produce more energy during the stressful process of hatching, 
will have a higher vitality of the developing chick embryo and 

hatchability rate compared to the non-injected treatment. 

4-3-1- In ovo injection of ostrich egg during incubation   
           and hatchability traits: 

The Effect of in ovo injection with amino acid proline, 
pyridoxine and biotin, Vit.D3 (cholecalciferol) , Vit.E and 
linolenic acid on hatchability of ostrich eggs are presented in 
Table (9).  
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The obtained values for hatchability percentage are 
presented in Table (9). In general it was observed that the group 
of fertile ostrich egg received 180 IU Vit.D3 by injection realized 
the highest hatchability and embryo hit percent. In addition, 
hatchability was positively affected by both vitamin pyridoxine 
and biotin injection compared to non-injected group. While, in 

ovo-injection with linolenic fatty acid improved only the embryo 
hit percent compared to non-injected group. It is appearing from 
the same Table that vitamin E, proline and saline injected groups 
had more number of deaths after injection or just before pipping 
of chicks.  

The increase in hatchability of ostrich eggs, which was 
reported in this study following Vit.D3 injection, confirmed the 
results of Ameenuddin et. al., (1983) who observed that 
injections of chicken eggs with 0.20 micrograms/egg of 1, 25-
dihydroxy vitamin D3 or 0.60 micrograms/egg 25-hydroxy 
vitamin D3 prior to incubation resulted in significant 
improvement in embryonic survival to hatching with lowest 
embryonic mortality, they indicated that 1,25-dihydroxy vitamin 
D3 may be more active in supporting embryonic survivability 
when delivered directly by injection. Narbaitz and Tsang 
(1989) reported that injection of vitamin D3-deficient chicken 
embryos with 10 ng calcitriol, 1 microgram 24,25-(OH)2D3, or 2 
micrograms 25OHD3 on the 14th day of incubation improved 
hatchability, bone and muscle weights, and both bone 
mineralization and resorption than in the controls. Also, 
Elaroussi et. al., (1993) reported that the injection of vitamin 
D3-deficient Japanese quail embryos [from hens fed 1,25-
dihydroxy-cholecalciferol (1,25-(OH) 2D3)] die at Day 15 of 
incubation from severe calcium deficiency with Single doses of 
125 to 1,250 ng cholecalciferol, 600 ng 24,25-
dihydroxycholecalciferol [24,25-(OH) 2D3], or 100 ng 1,25-
(OH)2D3 per egg  prior to incubation resulted in improving 
hatchability. Hart and Deluca (1984) reported that injecting the 
affected eggs (embryos with a defective upper mandible) from 
the 1, 25-dihydroxy vitamin D3 fed hens with vitamin D3, 25-
hydroxy vitamin D3, or 1, 25-dihydroxy vitamin D3 greatly 
increases the percentage of normal embryos. They concluded 
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that 1, 25-dihydroxy vitamin D3 is not transferred from hen to 
egg in sufficient amounts to support embryonic development and 
that vitamin D3 or its metabolites, or both, are necessary for 
normal chick embryo development and normal egg hatchability.  
In ovo administration of cholecalciferol supporting sustained 
development of the skeleton, mobilization of shell calcium, and 
prevention of hypocalcemia, probably because cholecalciferol is 
utilized slowly as needed to support development of the chick 
skeleton (Elaroussi et. al., 1993). Calcitriol treatment of chick 
embryos enhanced calcium uptake by the yolk sac as measured 
in vivo (Tuan and Ono 1986) and in vitro (Lee and Clark 
1993).  Narbaitz et. al., (1987) and Richards (1996) reported 
that the vitamin D3 metabolites (1, 25(OH)2D3) are required by 
the embryo in order to mobilize calcium from the shell, across 
the chorioallantoic membrane (CAM) and decreased hatchability 
in vitamin D3-deficient embryos is related to a defect in calcium 
mobilization from the shell. One mechanism of action of vitamin 
D3 in the mobilization of eggshell calcium is the activation of 
carbonic anhydrase that acidifies the calcium carbonate shell 
(Elaroussi et. al., 1994). They showed that, a single injection of 
100 ng of 1,25-(OH) 2D3 into vitamin D3-deficient quail eggs at 
day 10 of incubation resulted in a significant increase in both 
body and yolk calcium. This is accompanied by an increase in 
carbonic anhydrase from low levels in deficiency to normal 
levels. Also, vitamin D3 has an important role for early 
embryogenesis and skeletal embryonic development in the 
regulating mobilization of egg yolk calcium by the yolk sac 
during the first 10-12 days of development.  They are suggesting 
the importance of vitamin D3.  After 12 days, the shell becomes 
increasingly important in providing calcium to the developing 
embryo (Tuan et al 1991 ; Lee and Clark 1993).  

Cholecalciferol is the routinely used form of vitamin D3 
supplemented in broiler breeder feeds. Eggs from hens given 1, 
25(0H)2D3 reflect a vitamin D3-deficient state (Torres et. al., 
2009), it appears that 25-D3 itself is poorly incorporated from 
hen  to eggs, or if it is transferred, it is metabolized early in 
embryonic life and is no longer present when needed, and 
feeding only this form of vitamin D3 to hens does not sustain 
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hatchability (Whitehead 2007). Further injections of 1,25-D3 
into eggs only partially restores hatchability and there is 
evidence that another di-hydroxylated metabolite, 24,25-
dihydroxy vitamin D3, is needed in addition to 1,25-D3 for full 
hatchability. Thus, both cholecalciferol and 25-D3 in the diet of 
the hen can meet the full needs of the hatching chick for vitamin 
D3. A number of studies have clearly demonstrated the 
importance and role of vitamin D3 in chick embryonic 
development. The presence of cholecalciferol in eggs is an 
important factor in the calcium metabolism of the developing 
embryo during incubation, and feeding the hen inadequate 
vitamin D3 results in reduced hatchability related to late embryo 
mortality (Edwards1995; Tuan and Suyama 1996).  

The increase in hatchability of ostrich eggs, which was 
reported in this study following pyridoxine injection, confirmed 
the results of Elsayed et. al., (2010) who reported that injection 
of quail eggs with 120 µg/egg pyridoxine (B6) before incubation 
resulted in apparently higher hatchability (89.0 %) than in un-
injected control (79.9 %). Also, Elaroussi et. al., (2003) 
reported that the injection of quail eggs with 10 mg/egg 
pyridoxine (B6) at 7 day of incubation period resulted in 
improving hatchability (86.7%) compared to (75.8%) control 
(non-injected). Also, Robel and Christensen (1991) on turkey 
eggs injected with 600 µg of pyridoxine chloride. But increasing 
dietary levels of pyridoxine to turkey hens did not result in 
increasing hatchability or egg vitamin B6 levels (Robel 1992). 
Moreover, York et. al., (2004) and Bhanja et. al., (2007) 
reported that the injection of chicken eggs with 100 µg /egg 
pyridoxine (B6) at14 day of incubation period resulted in 
apparently higher hatchability (81.5%) than in un-injected 
control (80%).  Vitamin B6 plays an important role in the 
synthesis and degradation of aspartate aminotransferase in the 
chicken embryo (Sharma and Gehring 1987). Pyridoxine has 
an important role in amino acid, carbohydrate, and fatty acid 
metabolism and also plays a major role in the energy-producing 
citric acid cycle (McDowell 1989). Deficiency of pyridoxine 
leads to early embryonic death and decreased IgM and IgG 
response to antibody challenge (Blalock et. al., 1984). 
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Pyridoxine-deficient chicks show depressed appetite, poor 
growth and characteristic nervous symptoms (Scott et. al., 
1976). Robel (1983) assayed turkey eggs for pyridoxine and 
observed significant decrease in their pyridoxine concentrations 
associated with maternal age. This aging feature coupled with 
the biological variable in the deposition of the vitamin in hen’s 
eggs mean that it is conceivable that some contain insufficient 
pyridoxine for embryo survival.  It was considered that the 
transport of vitamin from the egg to the chick was responsible 
for the failure in embryo development. This reasoning reinforces 
that the practice of injection of vitamins, as well as other 
nutrients, may become a routine in poultry production (Vieira 
2007). The introduction of nutrients directly into the embryo was 
performed in several occasions.  

The increase in hatchability of ostrich eggs, that was 
reported in this study following biotin injection, confirmed the 
results of Robel and Christensen (1987) and Robel (2002) who 
found that the injection of turkey eggs with 87 µg/egg D-biotin 
at 25day of incubation period resulted in approximately 4.6% 
higher hatchability than the control (non-injected). The 
improvement in hatchability was due to a reduction in the 
numbers of early dead, late dead in shell embryos. Also, (Couch 
et. al., 1948) reported that eggs from breeders fed biotin-
deficient diets produced healthy embryos after the eggs were 
injected with biotin between 72 and 96 hours of incubation. 
Biotin is important water-soluble vitamin, biotin is a cofactor in 
carboxylation and decarboxylation reactions involving fixation 
of carbon dioxide. These reactions have important roles in 
anabolic processes and in nitrogen metabolism (Calnek et. al., 
1997). High dietary protein or fat increases the signs of biotin 
deficiency (Pearce and Balnave 1978). Biotin is vitamin with 
important characteristics due to the presence of the inhibitors 
avidin and ovoflavoprotein in egg albumen, which affects biotin 
levels or biotin availability in the egg, and its availability to the 
embryo, and may affect egg hatchability (Vieira 2007). Biotin 
deficiency alters the unsaturated fatty acids profile in tissue 
lipids in such a manner as to suggest that it impairs the 
conversion of linoleic acid to arachidonic acid (Watkins and 
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Kratzer 1987). The latter is a precursor of the prostaglandins, 
prostocyclin I2 and thromboxane A2, which have marked effects 
on the vascular system.  

Robel (1991) observed that feeding turkey hens 623 
micrograms of biotin/kg of diet resulted in an increase in the 
hatchability with observed reduction in the embryonic deaths 
(early dead, late dead in shell embryos). Robel (2002)   reported 
that with the progression of maternal age, higher dietary biotin 
level was required for hatchability and chick weight. 

As a result, the hypothesis that in ovo feeding of 
exogenous linolenic fatty acid would increase hatchability 
cannot be supported. However, the use of linolenic fatty acid has 
been implicated in increased the embryo hit percent (the ability 
of chick to break the shell without assistance). This result is in 
agreement with that obtained by Schaal (2008) who reported 
that the injection of broiler breeder eggs with 0.1gm/egg the 
alpha-linolenic acid on day 14 th of incubation resulted in 
apparently lower hatchability (55%) than in injected group with 
saline (80%).  This finding suggest that the improvement of the 
embryo hit percent may be due to the increasing of embryonic 
viability during incubation where the alpha-linolenic acid 
(LNA), polyunsaturated fatty acid (PUFA), an essential omega-3 
fatty acid. Providing embryos with exogenous fatty acids may 
allow for increase energy production, as well as allow for more 
polyunsaturated fatty acid accretion in vital tissues during the 
stressful process of hatching. The yolk fat of an egg is crucial to 
the development of the chicken embryo in terms of energy 
production. Nearly 80% of the 5-6g of lipids found in the yolk of 
the chicken egg is absorbed by the embryo for energy production 
and structural membrane synthesis (Noble and Cocchi 1990; 
Cherian et. al., 1996; van Kempen and McComas 2002). As a 
result, fatty acid oxidation provides over 90 percent of the 
energy requirements for the chick embryo (Romanoff 
1960).With such important roles in energy production for the 
embryo, fat sources are essential to fuel the heart and for 
deposition of polyunsaturated fatty acids (PUFA) in tissues such 
as the brain (Cherian and Sim 1992). As such, in ovo 

administration of high quality fatty acids may prove beneficial 
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for improving energy production during embryogenesis and 
hatching. Also, high levels of LNA affect the activity of liver 
desaturases which ultimately affects the PUFA content of 
cellular membranes increasing the fluidity of cellular plasma 
membranes (Cherian and Sim 2001). 

The hypothesis for in ovo feeding of exogenous vitamin E 
and proline cannot be supported as hatchability was not 
increased. It is appearing from the Table (9) that vitamin E group 
caused more number of deaths after injection or just before 
pipping of chicks. This  result is in agreement with that obtained 
by Bhanja et. al.,  (2007) who documented that hatchability 
percentage in the vitamin E (0.5 IU) injected group was 
apparently lower (54.7%) than in un-injected control (80%) in 
broiler breeders. However, Schaal (2008) reported that chicks 
that received Vit.E in ovo hatched at a slightly higher rate (88% 
for both 10 IU and 20 IU treatments) than the non injected 
control in broiler chicken (85.4%). The in ovo feeding of Vit.E 
may enhance the ability of the chick for increased lipid 
utilization for energy production to improve hatchability and the 
antioxidant status of hatched chick tissues and protect lipid 
membranes from the harmful effects of free radical oxygen 
species. Vitamin E concentration in egg yolks is a direct function 
of its concentration in the feed. Vitamin E levels in the embryo 
are similar to the level found in the yolk at the early stages of 
incubation. The highest alpha-tocopherol levels are found in the 
liver, but they are rapidly depleted after hatching (Surai et. al., 
1997). Gore and Qureshi (1997) suggested that   in ovo 

injection of vitamin E three days prior to hatch may improve 
post-hatch poult and broiler quality. Further studies by Dror and 
Bartov (1982) and Singh et. al., (2005) showed the importance 
of vitamin E as the major fat-soluble antioxidant, the use of 
antioxidant vitamin E has been proven to reduce harmful 
peroxidation of lipids and cholesterols in animal models. The 
antioxidant system of the brain is of great importance because of 
the development of nutritional encephalomalaeria which occurs 
in young chicks as a result of vitamin E deficiency. The role of  
vitamin E administered in ovo has also been reported to have 
improved the immune response and  immunoglobulin levels in 



 

 

 113

turkeys and broilers as measured by increased the IgM levels of 
poults and the IgG levels of chicks when measured 7 and 14 th 
days, respectively, after embryonic exposure to Vit.E (Gore and 
Qureshi 1997). In addition to an increased immune response, 
exogenous Vit.E administered in ovo around day 14 th of 
incubation (at the time of increased fatty acid oxidation) may 
prove beneficial in reducing the production of free radical 
oxygen species and lipid peroxidation that can cause serious 
damage to the highly polyunsaturated fatty acids of cellular 
membranes (Cherian and Sim 1997; Surai et. al., 1999; 
Latour et. al., 2000; Moran 2007). Low quality fats added to 
diets of breeder hens as an inexpensive energy source may be 
counteracted with the in ovo administration of antioxidants to 
protect the lipids of the yolk as well as the plasma membranes of 
chicks’ cells from damage. Increased incidence of peroxidation 
of membrane lipids caused by free radical species may cause 
harm to the health of the developing embryo.  

It is appearing also from the Table (9) that amino acid 
proline group had more number of deaths after injection or just 
before pipping of chicks. This finding disagree with the result 
obtained by Elaroussi et. al., (2003) who reported that in ovo 
administration of amino acid proline 1 mg/quail egg at 7 day of 
incubation resulted in significant increase in the hatching weight 
and hatchability (92.8%) of quail egg as compared to control 
(non-injected) 75.8%. They showed the important of proline in 
embryogenesis. 

 L-Proline is an amino acid that is hydroxilated to 
hydroxyproline, which is essential precursor for the synthesis of 
collagen in chick embryos (Buehler 2006 and Fratzl 2008). 
Collagen is the main structural protein of connective tissues, 
including skin, tendon, blood vessels, bone, ligaments, joints, 
cornea, vitreous humor of the eye, and basement membranes of 
all organs, it is the most abundant protein in the body, making up 
about 25% to 35% of the whole-body protein content (Ghonim 
et. al., 2009). Halmea (1969) observed the highest activities of 
protocollagen proline hydroxylase enzyme until the 14th day of 
embryonic development in bone and skin and present in all 
tissue, the activity of this enzyme may be an indicator of 
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collagen synthesis. Diegelmann and Peterkofsky (1972) found 
the increase of collagen synthesis 2.2-fold in the frontal bone 
between 11 and 14 days and 5.4-fold in the lower limb between 
8 and 14 days; it remained relatively constant in skin between 8 
and 16 days. The rate of calcification began to increase after the 
maximal rate of collagen synthesis had been reached in both 
bone tissues. The authors suggested that increased collagen 
synthesis is a prerequisite for bone formation.  

The decrease  in hatchability of ostrich eggs, that was 
reported in this study following Proline injection may be due to  
Proline is a nonessential amino acid, which means that it is 
manufactured from other amino acids in the liver; it does not 
have to be obtained directly through the diet. Although proline 
can be made in the body and biosynthetically derived from the 
amino acid L-glutamate (Lehninger et. al., 2000). This is 
confirmed by  Ohta et. al., (1999, 2001) and Al-Murrani 
(1982) who reported that all Amino acids content of egg 
decreases as incubation time increases and that all amino acids 
content of egg and embryo decreases, except  glycine and 
proline, which increased with progress of incubation.  

As a result, the hypothesis that in ovo feeding of 
exogenous linolenic fatty acid would increase hatchability 
cannot be supported. However, the use of linolenic fatty acid has 
been implicated in increased the embryo hit percent (the ability 
of chick to break the shell without assistance). Also, the 
hypothesis for in ovo feeding of exogenous vitamin E and 
proline cannot be supported as hatchability was not increased. 
On the other side, the hypothesis for in ovo feeding of exogenous 
Vit.D3, pyridoxine and biotin can be supported as hatchability 
was improved. Finally, In conclusion from the results reported 
in the present work it is  advised that injection with Vit.D3 in 
ostrich eggs with 180 IU improves the hatchability of ostrich 
eggs and embryo hit percent. In addition, hatchability was 
positively affected by both pyridoxine and biotin injection 
compared to non-injected group. 
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Table (9): Effect of in ovo injection with saline, proline, 
pyridoxine, biotin, Vit.D3, Vit. E, and Linolenic acid on 
hatchability of ostrich eggs.  
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5-SUMMARY AND CONCLUSION 

The present study was carried out in co-operation between 
the Ostrich Production Farm, Nuclear Research Center, Atomic 
Energy Authority, Cairo, Egypt and the Faculty of Agriculture, 
AL-Azhar University, Nasr City, Cairo, Egypt. Ostrich eggs 
were obtained from Resk Company for Ostrich Production and 
set for incubation at ElShfie Farm, Belbas, Sharkia, Egypt.  

The objectives are: 
1- To follow up changes in some vital physiological parameters 

and blood components associated with ostrich embryonic 
development during incubation and to provide reference 
blood biochemical baseline values for future studies of avian 
species and to document novel information on some normal 
changes associated with growth of the developing ostrich 
embryo during the incubation, as no similar and complete 
data could be found on this aspect in the literature. 

2- In an effort to improve the hatchability and hatching 
performance of ostrich eggs by testing the effect of in ovo 
injection of several nutrients.  

Two trials were carried out:  
1-First trial  

To follow up changes in some vital physiological 
parameters and blood components associated with ostrich 
embryonic development during incubation. A total number of 60 
ostrich eggs weighed between 1300 and 1500 g were obtained 
from from Resk Company for Ostrich Production. Eggs were 
collected weekly in patches of 25 eggs and Egg incubation was 
performed in ElShfie Farm, Belbas, Egypt.  
 Egg weight and egg weight loss during incubation were 
determined on each eggs.  

Egg and Embryo  Sampling 
During incubation period, 4 fertile (viable) eggs from 

each period were weighed, embryos were separated carefully 
from all surrounding egg contents.  
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During incubation period at Days 20, 30, 32, 34, 36, 38, 
39, 40, 41, 42 and 43 of incubation,  4 fertile (viable) eggs per 
day were collected:  Blood, Allantoic fluid, Amniotic fluid and 
the  yolk sac, albumen, eggshell  and Embryo were separated and 
weighted. 

Excluded infertile eggs at (7 days) were examined (as 
control) for egg yolk fatty acid composition, Essential and 
unsaturated Fatty Acids (Linoleic- Linolenic- Arachidonic) of 
yolk were determined in all egg ages. 

Eggshells of infertile and viable eggs were collected and 
Eggshell percentage, eggshell porosity and egg shell thickness 
were determined and analyzed for mineral contents (Ca and P). 

Leg bones (Femur + tibiotarsus + tarsometatarsus)  for 
developing embryos aged from, 30, 32, 34, 36, 38, 39, 40, 41, 42 
and 43  days were collected, and analyzed for mineral contents 
(Ca and P).  

Blood samples were collected from the umbilical vein of 
the embryo aged 20, 30, 32, 34, 36, 38, 39, 40, 41, 42 and 43 
days. Blood picture, including red blood cell count (RBCs), 
white blood cell count (WBCs), hemoglobin concentration (HB) 
and packed cell volume (PCV) were determined in embryo 
samples. In addition, blood plasma was separated to evaluate the 
concentrations of plasma total proteins (TP), albumin (Alb), 
globulins (Glob), calcium (Ca), phosphorus (P) glucose, alkaline 
phosphatase (ALK.p) and acid phosphatase. Kidney function 
such as plasma urea (U) and uric acid (UA) were measured. Also 
plasma total cholesterol and total lipids, plasma triiodothyronine 
(T3) and thyroxin (T4) and Plasma levels of essential and 
unsaturated Fatty Acids (Linoleic- Linolenic-Arachidonic) were 
determined. Furthermore, calcium and phosphorus changes in 
the plasma, leg bones and eggshell of the growing embryo and 
hatching chick are presented.  

The results showed that:  
1- Percentage of egg weight loss increased gradually as the 

embryo advanced in age,  
2- Eggshell thickness insignificant decreased among 20, 30, 34 

and 36 days of incubation followed by insignificant 
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differences in Eggshell thickness among 36,38, 39,40, 41 and 
42 days of incubation. There are no significant differences 
between eggshell porosity of ostrich egg during incubation. 

3- Shell relative weight of ostrich egg during incubation 
decreased significantly as the embryo advanced in age from 
20.1% at (0d) to 18.05% at hatch (42d). Albumen relative 
weight decreased significantly as the embryo advanced in 
age from 52.6% at (0d) to 1.5% at hatch (42d). Yolk relative 
weight decreased significantly from 26.5 % at (20d) to 19.5% 
at hatch (42d). Embryo relative weight increased gradually as 
the embryo advanced in age 3.65 % at (Day 20)   to 45.1% at 
hatch (42d) of the embryonic age. 

4- Percentage of Yolk Total Lipids of ostrich egg during 
incubation decreased significantly as the embryo advanced in 
age from 57% of the yolk’s dry matter at (0d) / fresh egg to 
33.5% of the yolk’s dry matter at hatch (42d).  

5- As the embryo developed erythrocytes and leukocytes count, 
hemoglobin concentration and hematocrite value (PCV) 
showed a gradual increase to reach their highest values at 42-
d-old embryo that became significant (P<0.05).   

6- Plasma glucose levels increased significantly during early 
(20-36d) and late (40-42d) embryonic development.  

7- Plasma concentrations of (T3) and (T4) significantly 
increased with age and reached a peak at 41 and 40 d of 
embryo age, respectively and decreased at pipping and before 
hatching. 

8- Plasma total proteins, albumen, globulins and albumen to 
globulin ratio (A/G), urea, uric acid, ALKp and acid 
phosphatase concentration increased gradually as the embryo 
advanced in age, with the greatest increase at hatching 42- d-
old embryos.  

9- Plasma total lipids, cholesterol and triglyceride concentration 
increased gradually as the embryo advanced in age and 
reached their peak at 34, 36 and 38-d-old respectively. 

10-  The eggshell contents of (Ca) and (P) were decreased 
gradually as the embryo advanced in age. Also, (Ca) and (P) 
concentration in embryos plasma and bones increased 
significantly (P<0.05) as the embryo grows up, a much 
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higher (Ca) and (P) content at hatching day (42d) were 
observed. 

11-Plasma fatty acids profile of ostrich embryos during   
      incubation: 

a- Plasma lauric fatty acid percentage decreased 
significantly with advanced in age followed by 
significant increase during hatching (39-42) days. 

b- Myristic acid decreased significantly with age.  
c- Pentadeconic acid increased significantly with   

age then decline at 41 and 42 days of incubation. 
d- Both palmitic acid and palmitoleic (C16:1) are   

disappeared during early and late embryonic 
development.  Meanwhile, it can be observed that 
palmitic and palmitoleic acid reached 1.14 and 
3.11 % respectively, at (38d) of the embryonic age.      

e- Stearic acid decreased significantly with age. There 
were insignificant differences inits average among 
(34-36), 38, 39, 40, 41 and   42 days of incubation.  

f- Oleic acid steadily decreased significantly with 
age.  

g- Linoleic acid percentage increased significantly 
from 15.03% at (20d) to 17.28% at (34-36d) then 
declined to 13.96% at (42d).There were 
insignificant differences in plasma linoleic acid 
during early and late embryonic development.  

h- Both plasma linolenic and arachidonic acid are  
disappeared  during early and late embryonic  
development, meanwhile, it can be observed that 
plasma  linolenic and arachidonic acid reached 
0.72 and 0.38% respectively, at (38d) of the   
embryonic age. 

11- Yolk fatty acids profile of ostrich embryos during   
incubation: 
a- Yolk lauric, myristic, pentadeconic, palmitic, palmitoleic, 

stearic,  oleic, linoleic, linolenic and Arachidonic fatty 
acids percentage  decreased significantly as incubation 
proceeded  



 

 

 120

b- There were insignificant differences in stearic acid 
(C18:0), oleic  acid (C18:1) and linolenic fatty acids 
among (34-36), 38, 39,  40, 41 and 42 days of incubation.  

c- There was a large reduction in the yolk concentration of 
linolenic (0.97%), Palmitic (0.37%), palmitoleic (0.83%), 
arachidonic (0.49%) and linoleic  acids (8.42%)  are in 
contrast with Noble et  al (1996) who found that  in the 
eggs from the wild ostrich in  which hatchability rises the 
90%, yolk lipid displayed high concentrations of linolenic 
acids (21.8%), linoleic (9.7%),  palmitic acid  (23.7%), 
palmitoleic (6.59%) , arachidonic acids (0.65 %) .  

d- As opposed to the domesticated chicken in which linoleic 
acid is the predominant polyunsaturated fatty acid of the 
yolk lipids, and its importance in embryo development, 
particularly embryo’s brain and retina, results in a major 
consideration in diet formulation, while in ostrich, the 
predominant polyunsaturated fatty acid is linolenic and its 
content is much greater than in poultry (21.8% vs 1.4%). 

g- It is clear  that a 29.2% of the total fatty acids content of 
the initial yolk was transferred during incubation, only 
17.66% of the total amount was transferred to the embryo 
during the hatching period, to satisfy the energy required 
to synthesize new tissue (i.e., growth), to maintain 
existing tissue, and to support any physical activity, 

particularly the muscular movements that occur during 
the hatching process. 

2- Second  Trial 
In ovo injection 

In an effort to improve the hatchability and hatching 
performance of ostrich eggs by testing the effect of in ovo 
injection of several nutrients. A total of 100 fertile ostrich eggs 
weighed between 1300 and 1500 g were obtained from from 
Resk Company for Ostrich Production. Eggs were collected 
weekly in patches of 25 eggs and egg incubation was performed 
in ElShfie Farm, Belbas, Egypt. Eggs were injected at the 7th day 
of incubation to deposit test material in the air sac through the 
width end of the egg. The materials tested were: amino acid 
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proline, two of vitamin B complex pyridoxine and biotin and two 
of fat soluble vitamins Vit.D3 and Vit. E and one essential fatty 
acid (linolenic acid).  

Eggs were divided into 8 groups as 10 eggs in each group. 
The first group without injection (control), while, the second 
group was injected in the width end of the egg with 1ml saline. 
The third, fourth and fifth groups were injected in the width end 
with 35, 10, and 1.5 mg proline, pyridoxine, biotin dissolved in 1 
ml saline and sixth and seventh groups were injected in the width 
end with 180 and 350 IU  Vit.D3, Vit.E, respectively and the  
eighth group was injected with 2gm linolenic acid hatchability 
and hatching performance were determined. 

Results indicated that: 
The group of fertile ostrich egg received 180 IU Vit.D3 

injection realized the highest hatchability and embryo hit 
percent. In addition, hatchability was positively affected by both 
vitamin pyridoxine and biotin injection compared to non-injected 
group. While, in ovo injection with linolenic fatty acid improved 
the embryo hit percent. Vitamin E, proline and saline injected 
groups had more number of deaths after injection or just before 
pipping of chicks. Finally, In conclusion from the results 
reported in the present work we advise injection with Vit.D3 in 
ostrich eggs with 180 IU to improve the hatchability of ostrich 
eggs and embryo hit percent.  
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 .*� ا��&<


3 و     -١٦����A��C3 وا������&���ث ا�����BWض *�$��#ي ;������A� 6'� ����*5 ا�,#ر

�����3 وا�������2
�ر�3 و ا2و�
�����3 وا�'$��دو�
�����3 و �#�
C��'3 وا������
�C��'ا� 

3
�#$

$3 وا2راآ
�و�
�BJ 6; 3ر ا/$� ����"�م ;6 ا��C ا�,�#$
�  و ا�,
I$
 .أM$�ء ا���#ر ا�\$

١٧-       5*���� �'��A� 6��; ������� أى ;���وق *�$##� O 3�وا2و�
��3 ا����2
�ر
 3$
�#$
 . *� ا��&<
� و��6 ا�B":٣٤;6 ا��B�ة *�  �#م وا�,

 و��
5  )ا��\���� (;6 *"�ر�� �
� *&�#ى �B�Jر ��
5 ����م ا�C)ر+��              -١٨
     ���
��+ :��"; �'��A$� ز����C9 ����
��#ر ��x ٩٠(�����م (%   ���#�و��� ا���= 

�BW5 ا�$��م      ضا�
;�6 9�آ
�)� *��    ) ا��\���( آ'
� ;6 9�آ
) �BJر �

� *>'�� وه6 Eا� �
���$A'� �&�*5 : آ�692ا�C�2ض ا��ه$
� ا���2

 3������$
�#$

������3،  ) ٢١z٨ vs ٠z٩٧( ا�,�C��'٠ (��������*5 ا�z٣٧   vs 
٢٣z٧ ( ،  3��������
�#�
C��'٠(����������*5 ا�z٨٣ vs ٦z٥٩ (  ،  5*����������

 3

���3  ���� ،  ) ٠z٦٥ vs ٠z٤٩(  .ا2راآ
����و��#$
 vs ٨z٤٢(�*5 ا�,
٩z٧( . 

١٩-                    5

�� *>�'H ا��B�J  6�; �G��Aر ��E5 ا���ه$6 ا6����2 ا�C&ا� �'���

� ;6 ا���#ر       ا��وا� ه# C3 و�= أه
�#$
 و�= ا+�'�ر�� ه�*�  ا�\$
$I ا�,

�$+  }GX+ V

$�3 ه�#                ه���   9�آ�#$

$��C ;�6 ا�$���م ���'�� ا�,� � ا���وا
 G����Aا� H'���<* ����
E5 ا�����ه$6 ا6������2 ا����C&5ا�
 � ;����B���J  6ر ا�'���


��� *��� *&���#ا�       jF� 6��,+أ =��$* ���>

5 ا����وا� ;��Iو*&���#ى ا�'���  
 ).vs 1.4% %1.8( ا/U�ى


�� ;��B�J 6ر ��
5      ا/���Cض  *��  ;"�  %٢٩z٢و� ا�=   -٢٠,Fا� ��
 ا��ه$
 [��"�$�*��� ه���� ا�$��A'�  % ١٧z٦٦ ا�\$��
� X��Uل ا��&<��
� إ���6ا�$����م 


� X��Uل ��$\,� [��"�$�
���ة ا/����مU/ا :��"B��9= *��� اد�*���� *��� ا���
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 . �,B": وا�W�وج *� ا�">�ة�ا�Xز*ا����� 

���� ا�D)-!�ا�� : 
 3E/ ا��!7
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5 ا�$�����م *���� X���Uل     ���; :���"Bا� �'���A� �
���A&�� 6 *&�و��������; 

�� 8�9 ا����Wام               Gا�Eا� ��J�$ا�� �* ������� V-WC5 ا�

� �"� ا�'MT9ر�'�Uا


<� *W-'� *� *)ر+� 4�آ� را�3 ���2ج ا�$��م        ١٠٠+�د  �     �C�A"*  6ا��
�C\*            K#+�ت   ٨��Bأ��'#ع *�� ا�� ��C+ 6�,+ �"&,�    ��
Gا#Nا� ��;�Eا� [Uا��� :
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 6���$
*\C#+���� �&"���� ، ) *,\���٣٥8(ا�'����و�
� *\C#+���� �&"���� ا�&5���C ا2*
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  ، ) *,\����١٠8(*\C#+����� �&"����� ا�'
 &� �+#C\*  د �
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)3$
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H ، )ا�*�\C,� :"Bا� �'A� س�
 .و89 �

 :أه  ا�(�)'& ا��� #  ا��GH2 إ�!�)
١-             ��+�\� ��N
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 و���ة دو�
��    ١٨٠ و� أن ا�C\C#+� ا��I 89 �"� ا�'


� د  **��
; �٣            :�"Bا� �'�A� I�; ت��+#C\Cأ+,�6 ا� � وآ����A� 3'�     آ���
� ��ون *�A+�ة ;6 آA� ا�">�ة�U 6ا�� �
 .ا���Fآ
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  وا�'
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����دة (� ���
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���A'� ا���Fآ
 .ا�">�ة 

٤-                  5�C&ا� ��* [�F� ���#"&C5 ا�

H ا�'�*��\* 6�; :�"Bا� �'�A� �>BWا� 
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� )  *,\��٣٥8(ا2*
$��6 ا�'���و�*����
; 3��) ����ة دو�
��� و٣٥٠(  هوآ��
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