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-INTRODUCTION

The ostrich(Sruthio camelus) is a flightless bird
belonging to the ratite family and known as thegédst
living bird. The adult live body weight ranged betn

and  kg. Ostrich is native to semi-arid and desert areas

of Africa, they have been raised intensively in tBou
Africa for more than  years and reared commercially

mainly to produce usable products, including meates,
feathers, and eggs (Kreibich and Sommer, ).

The most important on-farm constraints to
productivity for ostrich industry are: the high eaobf
embryonic mortality in the last days of incubation

and chick wastage (particularly during the firsteeks of
life). These are the major problems and result in a

significant economic loss to the ostrich industdnder
uncontrolled conditions, hatchability may reach of all

eggs and  of the hatching survived to slaughter age

This means that proportion of eggs laid producing
surviving chicks is only  due to embryonic and post

hatching mortality.

Another important factor which has a serious effect
on hatchability is the shell porosity. Shell potpdnas
been implicated with embryonic mortality of ostri®oth
too many pores and too few pores have been shown to
affect hatchability. Also, the mineral content dftrach
eggshells may influence embryo physiology and



hatchability causing embryonic mortality during |pipg
and hatching.

Another important problem which faced ostrich
farmers is the unbalanced nutrition. Unbalanceditiar
has led to severe long bone deformities and muscle
degeneration causing angular deformities of thetalpsal
and tarsometatarsal bones and developed skeletal
abnormalities.

Tibiotarsal rotation (TTR) was considered a serious
problem and an important cause of mortality in fadm
ostrich chicks during the first weeks after hatching.

Scarce literature is available concerning the ieca and
cause of TTR in ostrich chicks.

Mineralization of the osteoid matrix has also been
associated with deficiencies in the micro-mineralsc,
copper, calcium, phosphorus, magnesium and manganes

The investment base of the Egyptian Ostrich
Industry has increased dramatically over the Estyears.
This new industry has attracted an increasing nurabe
investors, who have decided to add ostrich to their
projects income stream. The most important chaéeng
which have been widely felt in Egypt and causes
considerable financial loses to ostrich farmers ehnidk
wastage are leg disorder and the unusual embryonic
mortality percent during incubation. As the indystr
develops, additional efforts must be made to addtles
causes and solutions to these inevitable causesick
wastage.

Therefore, the main objectives of the present study
are: - To study some factors affecting hatchabilityTo

study some factors affecting leg deformation durfingt
weeks after hatch.



-REVIEW OF LITERATURE

There are many factors affecting ostrich (Struthio
camelus) production and acts as major obstacle and
difficulties to the development of ostrich farmiagd has
limited success to the ostrich’s world industryegibere.

For instance, hatchability, incubated techniqughldead

in shell and high mortality of chicks durifigmonth of
rearing after hatch. On average’. of all eggs hatched
and only ¢ -7 of the hatching survived to slaughter age
(Mellett Y44Y and More eal., Y34¢),

Factors affecting hatchability of ostrich eqgs:

- Hatchability of the ostrich eqgs

Hatchability of the ostrich eggs is very low when
compared with poultry, this reduction resulted iartp
from high rate of infertility, embryonic mortalitgaused
by poor understanding of the artificial incubatiand
chick rearing are the most constraint on the deratnt
of the ostrich industry world wide. Deeminti¢ ©) stated
that hatchability of artificially incubated ostrigdggs was
generally low and it was less than or aboutZ,
Moreover,YA — o+ 7 of the fertile egg failed to hatch.

Kocan (4%°) reported that hatchability of ostrich
eggs was only¥(,Y-217%) due to high rates of infertility
(YY-o+7) and contaminationY(-YY%). In South Africa,
Zimbabwe and USA during the breeding season, egg
hatchability varied between different farms.

-Effect of eqg quality on hatchability:

Hatchability of the egg and the production of a
healthy chick depend on two main factors combingite
good quality. First, the contents of egg at laymgst
supply all the water and chemical energy in thenfaf
macronutrients needed for embryo development. Skcon




the eggshells allow into the egg sufficient oxygemeet
the demands of the embryo and the appropriate igigant
of water vapour and carbon dioxide to pass out {Af,)
and Vleck,)44Y),

Egg quality is considered one of the most important
factors affecting hatchability of ostrich eggs dte
increasing embryonic mortality during pipping and
hatching. Good quality refers to the egg contents @
the eggshell. The contents with shell are very g to
provide the nutrients needed for embryo to deveitp a
healthy chick. So, any deficiencies will resultaibnormal
embryo growth. However, the different nutrients
requirements of ostrich embryo are not known witly a
accuracy. Stewart ( 4°) attributed the difficult in ostrich
artificial incubation to the great variation in thegg
guality between the incubated eggs compared tdehic
eggs which were more consistent in size and shell
characteristics. In this respect, Deemingifa &
Y44ea) reported that the hatchability depends firstly o
the characteristics of the egq itself which wereedrined
prior to laying and then on the management praztzcel
the environmental conditions imposed after the egg
laid. Consequently, the successful artificial ingtiiin as
measured by maximizing hatchability of fertile eggs
depends upon having good egg quality and proper egg
management during the pre-incubation and incubation
periods and providing the optimum conditions for
incubation and hatching.

Aaron (119¢) added that albumen pH was one of
the most important factors which affect hatchajilit

In addition, Black {%%¢) indicated that poor
quality shells such as high or low porosity, thintleick
shells, excessive ridging rebilling or stress liaas other
deformities which interfere with gas exchange are
common in immature hens and in hens under anysstres



with oviduct infections. All these factors affect
significantly the percent of hatchability.

Ostrich eggs are difficult to incubate and usually
require special incubation conditions and hatching
depends to a large extents on having good qualtys e
from healthy breeders birds fed a well balanced ainel
good egg management was required after laying saren
that the eggs hatch into healthy chicks (Blatk; ¢).
However, Naber (V1) and Angle {34Y) found that the
chemical composition of the ostrich eggs (protéat,
water and ash) was not influenced by the pareriagie
intake, while many vitamins were very responsive to
dietary changes. On the other hand, Deemihtf{)
cleared that nutrition of breeding ostriches, agmnetics
and its environment were several factors affectathble
characteristics such as egg composition, eggshell
conductance (porosity) and egg size all of whidrav
affecting hatchability.

The effect of egg shell porosity on egg hatching
was studied by Deeming {2%) who found that “Tight*
eggs with low porosity, lose little water and thgy
cause oedema (water retention) in ostrich embryushw
makes hatching more difficult. He added that thee la
embryos in this eggs were suffers from a shortage o
oxygen at the time of greatest need and dies obXigp
Satteneri and Saterlee 0 ¢) found that high and low
pore numbers in ostrich eggshells were associaidd w
reduced hatchability.

- _Effect of environmental factors on the
natchabllity:

Different studies were carried out on the effect of
the environmental factors on the hatchability ofriob
eggs. In this respect, Gonzalezi{¢) reported that
temperature was the most important environmentabfa
affecting egg weight, egg composition, eggshellghei
and thickness and shell porosity. High environmenta




temperature results in a decrease in albumen atid yo
weight with a reduction in egg quality and hatchighi
Philbey etal., (34Y) found that the syndrome of ostrich
chicks that died at or withih week after hatching (which
had anasarca, degenerative changes in the comghbeks
pelvic limb muscles and fibrinoid degeneration of
arterioles) was related to high relative humidityridg
incubation. Malpositioning, was also a cause of mb
mortality, may be related to high relative humidiy
turning rate.

- Effect of inbreeding on hatchability:

Another important factor which affects hatchability
is the inbreeding between the birds. Hermes§Af{)
reported that high level of inbreeding causes eoicy
mortality as a result of genetic mutations and tiegly
affected hatchability but the specific lethal gehase not
yet been recorded in ostriches.

- Effect of breeding season on hatchability:

Wilson etal., (Y14Y) reported that hatchability of
ostrich eggs dropped as the breeding season psegres
At the start and end of the season the egg numbez w
low and hatchability was very low, although thisyma
reflect low rates of fertility or unfavorable cotidns in
partially empty incubators. Meanwhile, More eal.,
(Y23¢) found that hatchability of ostrich eggs was pabr
the beginning of the laying season and this may be
associated with the low yolk weight.

- - - Effect of Egqg size on hatchability:

The wide range in egg masses in the ostrich poses a
problem for incubation. It was not be possible tovixle
an optimum environment for eggs off -+ or YA..g
within an incubator set for an average egg mass of.
Krawinkel (Y 1%¢) reported that egg size and weight had a
significant effect on hatching rate and Jostii(")
postulated that eggs weighing: -V +g had the best




hatchability. Ar_etal., (397) showed that hatchability of
large and small eggs are and)¢ %, respectively, lower
than average eggs and may cause the problem oharhet
the eggs will fit within the egg trays in the mauhi
Moreover, Deeming\(t 4 ¢b) studied the effect of egg size
on the hatchability and found that the hatchabilufy
ostrich eggs was decreased by increasing egglsirger
eggs were failed to hatch and contain late deadyerab
He also reported that weighing ovéRr:«g gave©°-’
hatchability compared withY 7 for eggs weighing
between)::«-V¢..q.

The effect of egg size on hatchability was expldine
by Deeming {91VY). He stated that the different surface
area : volume ratios of the differently sized eggsan
that temperature profiles of the eggs may diffeithw
larger eggs of higher metabolic rate retaining nuzat.

A Yo7 loss of the initial mass for &°++ g. egg was
achieved for one humidity setting, but this settings
unsuitable for smaller and larger eggs of differeater
content and shell conductance which may lose tochmu
and too little mass, respectively. In practicegéarostrich
eggs also have a lower hatchability).

-Factors affecting egq size:
- laying seasons:

French and TulletY?%)) showed that in laying
season, egg size and yolk size were increasedtiwvith
while, the proportion of albumen, shell and totadter
content declined with time. However, egg size,
composition and shell conductance changes withelgen
both within a laying season and from one layingseado
the next.

- Breeder nutrition:

Gonzales (%4¢) found that egg size in breeder
ostriches was influenced by levels of fats andenst in




the diets. A reduction in the feed intake was eissed
with a reduction in egg weight and egg production.

- - - Effect of egg storage time on hatchability:

Aaron () 11 ¢) showed that maximize hatchability of
ostrich eggs was achieved by storing eggs for oaekw
before incubation in order to reduce albumen theslen
and viscosity which affect and in turn increasedew#oss
and amino acids absorption by the embryo which will
influence hatchability. On the other hand, the @ngled
storage of egg with high temperature and humidity
negatively affected albumen quality and this was
associated with a reduction in the hatchabilityis th
reduction may be due to deterioration in the albume

Length of ostrich egg storage was considered an
important predictor of hatchability for ostrichele(sen et
al., Y34Y). In this respect, Stewart {?°) showed that
increasing storage time was associated with a texfuin
the hatchability, delay in the hatch, reductiorthia chick
guality and growth rate. However, they stated shatage
time of Y days was generally accepted after which
hatchability starts to decline with a significaetuction
after V¢ days and chick survivability was significantly
reduced by the longer storage time.

Wilson etal., (Y42V) reported that hatchability was
declined linearly with storage time, although, atw for
up toVY days had relatively little effect on hatchability.

Brake and Walsh\(1Y) and Brake efl., (Y1%¢)
reported that albumen quality have an importang ial
embryo development. So, storage time, storage tondi
and duration was need to be adjusted to take itttouant
the quality of albumen. They demonstrated thatirgett
fresh ostrich eggs particularly from young hensiltesl in
increased early embryonic mortality. Also, Williams
(Y24Y) and Aaron (1%¢) cleared that storage eggs too
long or those with poor quality the albumen (oldetate




season hens) loosed water too quickly and causdyl ea
embryo failure.

- Effect of egg storage conditions on
natchabllity:

Jost (94Y) reported that the hatchability of eggs
stored at)e-Y)'C for Y- days before incubation was
better than that of eggs stored for less thakays or more
than © days. However, Krawinkel,)f4¢) showed that
storage of eggs for-vV days before incubation improved
hatchability.

Hermes {1A4) and Deeming)?4Y¥a) reported that
ostrich eggs was normally held‘&t-Y - C when stored for
up toV days but oveY days eggs should be stored &iC
ande+-Ye RH in order to reduce water loss.

Meijerhoff (Y44Y) and Deeming Y?1Y) reported
that hatchability can be improved under prolonggd's
storage by enclosing eggs in plastic bags to redliee
quantity of carbon dioxide losses from the eggrdétging
resulting in arise in albumen pH. However, a remuncin
albumen acidity does not seem to affect hatchgbilit
Moreover, a high relative humidity should be maimtal
aroundY 7 during storage in order to reduce water loss
and a break down in albumen quality.

Deeming {%%Ya) and Stewart(1°) showed that
storage ostrich eggs horizontally were given gasilits.
In addition, eggs stored longer tha&ndays should be
turned daily and storage temperature should besdsed
with extended length of storage. Deeming {(¥a) add
that the hatchability was improved when eggs was
allowed to warm up to room temperature first before
setting.

- - - Effect of artificial incubation conditions on
hatchability:

Artificial incubation has become an essential part
any commercial ostrich farming enterprise. Howetviee,




understanding of artificial incubation requirements
ostriches is poor compared with poultry (DeemintfiY)
and problems are still commonly include achievihg t
correct weight loss from egg during incubation gadr
understanding of the pattern of embryonic develagme
especially during hatching. All these acts as limgit
factors in the expansion of the ostrich industryldwide
and has had limited success with ofily. hatchability of
all eggs set (Deeming and Ayresie and Deeming
Y4d0; 14490a&b). Brown etal, (Y121) stated that the
ostrich industry experiences a high rate of embryo
mortality during artificial incubation most of this
mortality takes place in the last-) ¢ days of incubation
before hatching.

Lundy (*%71) indicated that the physical
environment in the incubator will have a major uigfhce
on the hatchability of the egg. The main factorsb&®
considered are the temperature, humidity, gaseous
environment and egg turning.

-Turning regime:

Deeming (3A%a&b) reported that insufficient
turning results in retarded growth of the area ulsa, a
reduction in growth of the chorioallantoic membrane
(which limit oxygen uptake), reduced albumen (prote
uptake and malpositioning which result in dead hells
embryos or weak chicks. Also, Wilson?@1) reported
that absence of egg turning resulted in adhesioth®f
embryo to the inner shell membrane, prematuregassd
incidence of malpositions, decreased albumen atibn,
abnormal fluid distribution in the egg, decreaseggen
exchange surface of the chorioallantois and a poorl
developed the yolk sac.

Wilson (Y 44Ya) cleared that the best turning regime
for artificially incubated ostrich eggs was not lamoyet.
However, he reported that best hatchability forckén




eggs require that eggs to be turned abouimes / d and
failure to turn reduce hatchability from 7 to aboute + 7.
However, Deeming)(??V) stated that the critical period
for turning ostrich eggs is thought to be during frst
two weeks of incubation. An optimal turning freqagn
has not been determined for ratite eggs. HoweVeér,
times per day is practical and appears to givefsatiory
results. Eggs set air cell end up hatch best whamed
1+° to rest at &°° angle, whereas those set horizontally
hatch best when turned approximately:°. Turning
horizontally set eggs only in one direction willusa
rupturing of membranes and blood vessels resuiting
mortality. Brown etal., (121) added that ostrich eggs
horizontally incubated for the first +—)¢ days was
improved hatchability in comparison to eggs incebat
either horizontally or vertically for the full inbation
period. Moreover, Krawinkel,'¢4¢) observed that the
maximum hatchability A¢,YZ was attained for eggs
incubated in a vertical position and turnetimes daily.

- Temperature:

The effect of the incubator temperature on the
hatchability of the ostrich eggs has been the stlig
many authors. Deeming){%Y) and Angle {%4Y)
reported that excessive incubator temperature leas b
implicated as a potential cause of the incidence of
congenital deformities. Schalkwyk &it (Y 119) found that
shell deaths of ostrich eggs were significantlyhleigin
fertile eggs incubated &t,YC than in those incubated at

Y1C. They also assumed that younger embryos were less
susceptible to excessive heat than older embryos.
Moreover, Wang-Wenjing and Wangi(¢ 4) reported that
more embryos died at the constant temperatufé of C
during YA days of incubation than eggs set at varying
temperature fronit,e C to¥1,YC at the same period.




Wilson (Y497) stated that common incubator
temperature for ratite range froi, 1 to 4V, VY°f for multi-
stage machines. Incubators without fans are noymaii
aboutY°f higher than those with fans. Furthermore, post-
hatch growth may also be affected by incubation
temperature. The hatcher temperature should be
approximately Y°f lower than that of the incubator
because of the large amount of heat generatedebiati-
stage embryos. Moreover, Brooks and Ma\A\()
revealed that bone growth during the latter stagkes
embryonic development was accelerated or retargesl b
respective increase or decrease in incubation terye.
They indicated that such external control over efetl
metabolism was related to the poikilothermic natfrthe
embryo.

- Relative humidity:

Horbanczuk eal., (' 494) reported that ostrich eggs
can be incubated successfully in relative humidity
betweenYY and ¢ 7 with taken into consideration egg
weight, eggshell thickness and porosity. Moreovteey
found that the hatchability of ostrich eggs incelolsat the

same dry bulb temperature 6f.¢ C and initial RH of +,
¢+, Y+ or Yo/ waste, VY, Yo andAY/ respectively. They
also reported that eggs from the batch incubatetheat
highest initial RH ¢:7) had the greatest number of
malpositioned chicks, the most chicks with unabedrb
yolk sacs, and a day old chicks had poorer vigbihian
chicks from other groups.

Christesen_etal., (*%91) and Ar etal, (Y917)
suggested that incubator humidity for ostrich egjgsuld
be less thar' e’ to allow a'°Z loss of initial egg mass
during thete days incubation period and /or a useful way
to optimize egg mass loss and maximize embryo galrvi
and chick quality. However, Philbey al., (Y3%))
indicated that a humidity of¢—YV7 at the recommended
incubator temperature off1 'C was to be more




appropriate  and result in improved hatchability.
Furthermore, Jarvis él., (' 4A°) found that high relative
humidity levels in the incubator appear to causgeo®

in chicks. Only those incubated at humidity levalsove
Yo/ were affected. They added that’” to 7 RH in
hatchers was the most successful for hatching aruk c
health. They concluded that the weight loss of ¢gg
during incubation was the best guide for settingiality
levels, with a target of¥7 to V7’ weight loss during the
¢Y day incubation period. Sahanadt, (YY) concluded
that incubator humidity should be low (%) to allow
enough mass loss of to Yo’ which is necessary during
incubation period from the eggs. However, Brown et
al.,(Y121) stated that it is difficult to reach low humidity
during artificial incubation.

- Incubator oxygen and carbon dioxide:

Wilson ()447) recommended incubator levels of
YV7 oxygen and+,+° to +,)/ carbon dioxide for ratite
eggs incubated at less than - + ft. altitude.

- Effect of ostrich egg weight loss on

natchabllity:

Egg weight loss during incubation was considered
an important factor in ostrich egg hatchability &ome
time, with too much or too little weight loss resoud) in
reduced hatchability. The weight loss of egg during
incubation was affected by the porosity of the &égdls
and the humidity of the air around the egg. In thspect,
many authors reported different percent of egg Indmps
to achieve successful hatching percent under @atifi
conditions. Wilson Y%%1) showed that normal
hatchability should be expected in ostrich eggs$ kbse
VY to YV of initial weight from setting to"A days of
incubation. Jarvise_edl., (Y?A°) reported)e,° percent
loss, \Y,Y7 loss and)Y’. Meanwhile, Bowsher(4Y)
and Deeming \34Y) reported):-'Y7/ loss. Simon and
More (Y 441) reported that fertile eggs were most likely to




hatch with weight loss during incubation betweénand

Yo/ of the egg weight at the beginning of incubation.
Moreover, Saito et al.,){39) reported that both lower
and higher water losses resulting decreased halithab
and the eggs that do hatch with water losses belot
produced oedemetons, sluggish and unabsorbed yolk
chicks.Deeming and Ferguson %)) stated that the egg
start to lose weight from the moment was laid. &arage

Yo/, of the initial egg weight was lost during inculoati
with an additional’ lost between piping and hatching.

Stewart {19°) showed that much lower relative
humidity of YA-Y1/Z was used for incubating ostrich eggs
to achieve the desired weight loss'df)°’. Blood etal.,
(Y49A) and Saito_etal., (*1%9) showed that embryonic
deaths were curve linearly related to evaporatiatew
loss to dayYe of incubation and the higher death rates
occurred in eggs with %<7 and > 47 water loss. They
postulated that the percentage weight losses duhag
incubation of the egg hatched wer& Y’ per day and the
fertile eggs that did not hatch had higher or lower
percentage weight loss. In addition, Nahmd43)
reported that the weight loss of fertile ostriclgeg ¢,Y7%)
during thet . days of incubation was significantly higher
in the egg that hatched than in those that faibedatch.

He added that the longer periods of storage between
laying and incubation resulted in significantly mor
unhatched eggs. They stated that pore density was
positively correlated with egg mass loss.

- Factors affecting egg weight loss:

Wilson (Y447) stated that the major factors that
determine egg weight loss are shell porosity atative
humidity. Secondary factors are egg size, altitane
incubation temperature. Approximate relative huigidi
requirements are°-Y-Z for the ostrich. Although, the
primary effect of humidity on water loss from the
incubation egg, it also affects utilization of nmaks from




the shell, gas exchange and other functions. licserft
water loss results in large, sluggish, edematousksh
which are often in a malposition in the egg causing
problems in pipping the shell and in hatching. Espee
water loss results in small, dehydrated, weak chitlat
may not be strong enough to hatch. Chick's weighls

to 1e/ of the egg weight at setting appear to be in the
normal range for ratites, as it is for other domeegpecies.

At the hatcher, the embryos begin to pip the shstishe
humidity should be increased (to approximatély.) to
prevent membranes from drying too quickly whichses
the embryo to stick in the shell. Moreover, Deeming
(Y94Y) reported that excessive water loss results in
reduced hatchability through dehydration of embrgnd
prevent hatching.

Bowsher (%%Y) reported that the most practical
way of regulating the amount of water loss from ¢iggs
during incubation depended on the number and afea o
pores (shell thickness) and by altering the inocmbat
humidity. So, earlier recommended humidities were
betweene + andeY’.. On the other hand, Deemingi(Y¥)
suggested that a potential solution to water loseblpms
Is to tailor incubator humidity to the mass of #gg. So
that, heavier eggs was incubated at lower humgldied
lighter eggs at higher humidities.

Packard and Packard)9?Y) suggested that
hypercalcaemia attending excessive water loss mdld
causal link between increased mortality and deliyaira
in near term embryos. Ih1%¢, Block suggested that the
amount of weight loss of eggs during incubation ban
readily manipulated by producers in modern argfici
incubators, emphasizing the need for producers to
routinely monitor incubator humidity, both directyd by
regularly weighing eggs during incubation.

- Factors affecting embryonic mortality:




Philbey etal., (Y1%)) found that the syndrome of
ostrich chicks that died at or withinweek after hatching
(which had anasarca, degenerative changes in the
complexes and pelvic limb muscles and fibrinoid
degeneration of arterioles) was related to higlatined
humidity during incubation. Furthermore, myopothy,
gross lesions of internal organs, haemorrhageehbatt
infections and congenital deformities was also tbtmbe
causes for embryonic mortality (Deming?eb).

- Oedema:

Jarvis et al, (Y3A°) found that high relative
humidity levels in the incubator appear to causgeo®
in chicks. Button (?1Y¥) and Terzicht and Vanhooser
(Y33Y) reported that oedema in artificially incubated
ostrich embryos is a common problem causes emhbryoni
mortality. Also, Davis_etal., (3AA) showed that the
failure of eggs to lose water leads to storingakeess of
water in the embryo's skeletal muscles and undeskin
resulting in a characteristic oedema.

Angle (Y4%¢) found that most oedema was
generally considered to result from insufficientterdoss
from the egg during incubation. Moreover, he conéd
Deeming (34Y) when he reported that most bird eggs
need to lose about’. of their initial mass before pipping
takes place. He added that, insufficient water tessilt in
poorly developed air cells, poor gas exchange agidow
‘water-logged ‘oedematous embryos, many of whiah di
at or near point of hatch or soon after.Moreovartén
and Tullett ¢ 2AY) observed that embryos in egg which
lose insufficient water during incubation die prblyanot
through an excess of water but rather through higoox
induced by the low shell conductance.

- Anasarca:

Shivaprasad ?1Y) observed that anasarca was a
common problem in ostrich eggs which failed to hatc



This problem was associated with embryos from eggs
above the average mass df:+g which had below
average weight losses.

- Hypoxia and myopathy:

Davis etal., (Y%AA) showed that hypoxia was the
proximal cause of death in oedematous embryo asutr
of impaired oxygen diffusion across the moist shell
membranes.

Rigdon (%1Y) and Burger and Bertram){A))
reported that myopathy was found in pelvic musdés
embryos that had pipped the shell, showing symptoins
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 (%9¢) found that myopathy was
contributed to muscular fatigue and failure to hatde
noticed that chicks died at point of hatch or withiweek
of hatching showed some degree of muscular lesions
the leg muscles which were used to break the shell
hatching. Myopathy was thought to occur secondaaly
exertion, hypoxia and respiratory acidosis and ity be
more direct causes of death in chicks which eximidpithis
symptom. Embryos with low incidence of pelvic mescl
lesion and was pipped the air cell or shell brokes
assisted to hatch.

- Malposition:

Angle (191Y) reported that malpositioning of
embryos results in failure to hatch and may be eduxy
setting eggs upside down (air cell to the bottom),
inadequate turning of the eggs (especially durimgfirst
third of incubation), insufficient water loss andsgibly
genetic factors. In addition, deficiency or excet¥it.A
in parent bird diets has been implicated.




Deeming (%%°b) noted that malpositioning was
the predominant symptom in dead in shell ostriclrgm
and was also been reported to be common else wiieze.
malpositioning generally results from incorrecttisgt of
the eggs or inadequate turning and oedema.

- Hatching assistance:

Ar etal., (Y447) and Deeming?1V) reported that
high chick mortality occurred in assisted chickswpoor
growth rates in the survivors.

- Trace minerals:

- Breeder nutrition and trace minerals:

Richards {11Y) documented that changes in the
environmental conditions during incubation can ictpa
trace mineral metabolism.

The supply of nutrients in the egg originates ia th
diet of the hen and from her metabolism. All of the
minerals required by the developing avian embrythin
egg had to be supplied in the diet of the hen (Wils
Y44V). In this respect, Richard and Miles: (¢ +) essential
that breeder diet should be adequate in all nufi¢m
develop the embryo inside the egg normally. A deficy
or toxicity of trace mineral in the diet of the bder hen
affected egg hatchability via impaired growth and
abnormal development of all major organ systems and
chick quality. Moreover, fifteen trace elements Iswas
Zn, Cu, Mn, Fe, Se, Co, Ni, I, Mo, Va, Si and Pl ar
considered to be essential in animal. These traaes a
physiological role and functional role in many niethc
processes in cellular metabolism.

Brake etal, (Y%%¢) reported that very little is
known about the role of parent nutrients and tiiecebf
nutrient deficiency in the embryonic mortality and
hatchability of ostrich eggs. Nutrient deficiengi@sost



gross deficiency in the egg at laying, resulted in
embryonic failure (embryo mortality mid way through
incubation) and reduced hatchability. They statedt t
much more researches are needed to determine the
nutrient requirements of breeding ostriches. Sévera
vitamins and minerals such as vitamin A,D,E, pdrenic
acid, folic acid (Vit. B), biotin, riboflavin, linic acid,
manganese, zinc, selenium and calcium were implicat
in late embryonic mortality or deformities and redd
hatchability or in short supply caused embryo niytar
deformities at different stage.

Abdallah etal., ('44¢) cleared that the manganese
deficient breeder diet reduced hatchability and l¢a
embryonic abnormalities. These abnormalities were
similar to those observed in a biotin deficiencgluae
increased mortality peaks prior ¢odays or afterV days
of incubation and includes a chondrodystrophy ocrani
media condition with shortened bones dipdirrot beak

Supple_etal.,, (Y4°A) and Romanoff and Romanoff
(Y4VYY) postulated that Zn-deficient embryos have low
hatchability, increased mortality, and impaired
development of the skeleton and feathers. In samesca
zinc deficiency is associated with embryos havirgg n
wings or legs tufted down.

Savage (%1A) revealed that a copper deficient
breeder diet is associated with a severe decline in
hatchability. However, the inter relationship bedwe
copper and zinc has proven to affect hatchabikyanse
an excess of zinc will aggravate a copper defigienc
Signs of a Cu—deficiency in the embryo include yearl
mortality with anemia and a high incidence of hernage
following ¥ to ¢ days of incubation.

Kinder etal.,, ('49¢) reported that a deficiency of
selenium in breeder diets will result in decreased
hatchability. Sign of a deficiency were weak chichat



had gizzard muscle myopathy and leg extended backwa
and curved up ward. Toxicosis due to excess satehas
been shown with natural diets abnormal signs due to
excess selenium include dwarfing, shortened boh#seo
legs and wings, and short or missing lower beaktt@n
other hand, Stahl @l., (' AA) reported that increasing the
dietary concentrations of Zn, Cu, and Fe did netilitein
higher egg concentrations of these minerals buageesof

the hen and environmental conditions also exert an
influence on the mineral content of the egg.

Dewar etal., (Y3V¢) reported that during the first
few days of incubation the developing chick embinas
the ability to transfer and concentrate trace nalseZn,
Mn, Cu and Fe from the egg. Whole chick embryo
concentrations of zinc, copper, iron, and mangamese
initially high on day® of incubation and that they had
declined sharply by day:. Romanoff {41Y) proposed
that in the early stages of development of the kchic
embryo higher trace mineral concentrations wereired
to support the very rapid expansion of embryo mass.

Carisle (3vY) showed that silicon plays a
physiological role in the bone calcification prosesnd
required in the normal growth and skeletal develepinm
the chick. Also, silicon is essential for normaliath
embryo metabolism.

Miles etal., (%2VY) observed a significant decline
in hatchability of fertile eggs at- ppm vanadium and the
number of unpipped eggs increased, but no embryonic
abnormalities or malpositions were observed.

- Eggshell structure and mineral content:

The eggshell structure is considered to be cogélat
with the hatching sequence in the ostrich. Abnorshalls
described by Sauer el, (YiVe) were all commonly
associated with failure of normal embryonic deveitept.




The mineral content of eggshells might influence
embryo physiology and hatchability. Tuan and Zrike
(YAYA) reported that after the early period of embryonic
growth, the primary source of Ca (over.) and Mg (over
¥+7) was mobilized via shell absorption (dissolutioh o
the shell) by the chorioallantoic circulation by
mechanisms similar to bone resorption and the siwedl
the only sources of Ca and Mg late in incubation.
Meanwhile, Tuan {3AY) and Ono and Wakasugi {A¢)
reported that duringembryonic development of the
chicks, Ca and Mg are supplied from two sources etiig
yolk and eggshell.

Richards  [{%AY)  postulated that until
approximately) + days of incubation the yolk appear to be
the solo supplier of Ca and Mg in chicken embryms,
this to be true for turkey embryos until about dayof
incubation. Bowsher 1Y) cleared that the shell was a
source of Ca to provide the embryo in the lattagstof
incubation. Tronter eal., (Y AY) found that Mg was lost
from membranes of chicken eggs betw&and? days of
incubation and Mg concentration of membranes irsgda
after YA days of incubation so they suggested that Mg
played a more complex physialoyical role during
incubation than simply as a structural componenthef
shell.

Mountcastle (1V¢) and Christensen and Biellier
(Y2AY) cleared that increased plasma Ca to Mg ratio in
embryos at the time of pipping and hatching incedas
physiological muscular mechanism for breaking thells
and hatching and may play a role in hatchability. tGe
other hand, ionic Ca stimulates muscular contractio
whereas Mg inhibits contraction. So, they suggettatl
the influx of these ions into the egg membranes or
embryonic circulation may influence embryonic suali
during incubation by some as yet undefined physjickl
mechanism.



Ono and wakasugi fA¢) cleared that the increased
concentration of Ca and Mg in turkey blood plasma
during pipping and hatching may be dependent upen t
composition of the shell, which was the major seunt
these minerals, during the latter stages of emiicyon
development.

Christensen and Edensgi{\°) assumed that the
relatively low Ca in turkey eggshells may not affec
hatchability as much as the relatively lower Mg
concentration. Grabowski) {11) and Christensen and
Eden ( 2A°) found that injections of Ca and Mg at setting
and at & ¢ days of incubation (a time selected to coincide
with the yolk supplying Ca and Mg to the turkey eyd)
significantly depressed hatchability. However, datin
incubation specifically at day® of incubation, they found
that the injections of Ca and Mg affected hatcligbil
divergently sense injections of Mg depressed haitha
whereas Ca injections improved hatchability. MooV
they cleared that increasing the ratio of Ca toiiMgirkey
eggs atYe days of incubation improve hatchability
whereas decreasing the ratio suppresses hatchabilit

Romanoff (41V) observed that egg shell Pi
concentrations varied among hatchability groups.

Christensen edl., (Y AY) studied the concentration
of Ca, Mg and Pi in the turkey eggshell during dugy
production season and in the hatched, pipped amd no
pipped dead embryos. They found that the concéorrat
of Ca was significantly greater in eggs laid in #aly
season than in eggs laid in the mid season oetggshells
laid in the late season. Meanwhile, no significant
differences were observed in the Ca concentratiaron
pipped, pipped or hatched eggshells, while a gcamt
increase in Mg was observed in early and mid season
eggshell than in late shells. However, they fouhdt t
hatched egg shells contained significantly more than
pipped or non pipped eggshells, the ratio of CaMtp



increased significantly in the hatched eggshellanth
pipped or non pipped eggshells and the percentRegg
didn’t change across the laying season in earlg, rate
eggshells. On the other hand, the pipped eggshells
contained significantly more Pi than non pipped or
hatched eggshells.

- Eggshell porosity:
- - Eqgshell porosity and oxygen supply:

Shell porosity has been implicated with embryonic
mortality, both too many pores and too few poregeha
been shown to affect hatchability. Paganeli{}) and
Button etal., (' 99¢) stated that pore numbers vary greatly
between ostrich eggs and average aroungore / Cm.
Also, they reported that ostrich eggs as well astrabthe
bird species were on average more pores at theekiat
the end of the egg than at the equator side. Thdgd
that the shell thickness was varies between egds bu
increases with egg size.

The increase in eggshell porosity is associateld wit
a greater need for oxygen by the embryo toward®iike
of incubation. Deeming Y¢1Y) suggested that low
eggshell porosity may limit oxygen supply to thebeyo,
resulting in suffocation without obvious symptomsda
the death resulted from hypoxia. Sahanakt (Y::Y)
showed that there were no significant differencetsvben
hatched and unhatched eggs with respect to porgtgen
and mass loss. However, Pore density correlated wit
hatchability. Hatchability was less in low pore din
eggs € +,4%) than in intermediateV(,A%) and high pore
density eggsA(*,47%).

- - Factors affecting eggshell porosity:

- - - Eggshell Mg:

Board and love Y(®A+), Christensen (3AY) and
Christensen and Edens)i¢\®) showed that Mg
concentration may be the structural component ef th




eggshell and it is very important in determiningimgl
pore formation and shell porosity. The lower shdtj
concentrations of non hatched egg seen may simply
reflect a decreased shell porosity that may result
embryonic mortality. They indicated that greaterqgsity

of the eggshell was related to an increased Mg
concentration and greater hatchability.

- - - Eggshell Ca:

Christensen and Edens i¢\°) reported that no
differences were seen in the amount of Ca in edigshe
containing non hatched or hatched turkeys. Meamyhil
Booth (1 4A%) and Davis and Christensehif¢) showed
that the pores became wider during ostrich egghatan
this may due to a reduction in the shell thicknest
inner surface shell erosion and Ca mobilization.

- - - Shell thickness:

Saleh, {3AA) showed that shell thicknesses of
different shell regions are consistent with the oeat of
Ca from eggshell for bone formation during the
embryonic development. Moreover, he reported that t
thin shell of hatching eggs may be due to the more
consumption of Ca by the live embryos than the deeas
in the unhatching eggs. In addition, his resultficated
that the embryos used the equator Ca more than from
large or small regions. Sateneni and Satterlé@) and
Deeming and Ar, {31%) demonstrated that hatchability
was less in egg with thicker shell and lower speliosity,
which lose less water than optimum and in eggs hvhic
lose more water than optimum.

Gonzales_etal., ('49) stated that although shell
thickness did not significantly affect hatchabilibe shell
was thinner in hatched eggs than in the unhatcimed,o
and that shell thickness and egg mass loss wesdinely
correlated.

Peeples and Brake){A®) demonstrated that
eggshell was a major respiratory component of the




developing embryos and the thicker shell produeatgr
resistance to gaseous diffusion and the shell tieis& was
associated with increased embryonic mortality. @Qa t
other hand, Vick egl., (14%Y) indicated that there are
some factors other than shell thickness affectdagonic
mortality and development of chicken eggs suchhas t
poor albumen quality and thinner cuticle and shell
membrane.

Christensen eal., (Y1%1) showed that hatchability
was depended upon a proper relationship betweea por
concentration and shell thickness (pore length)ctvhi
provided proper weight loss for optimum embryo gitow
Button etal., ("41¢) reported that the eggshell porosity
depends on the number of pores and the thickneseof
shell which affects the loss of water vapour acribss
pores of the shell.

Regarding egg shell thickness, Sahaanlet(Y« +Y)
studied the effects of egg shell thickness and sl
porosity on water and hatchability of ostrich eggkey
found that shell thickness didn’t correlate sigrafitly
with hatchability. Although the hatchability of Higshell
thickness eggstf,1%) was somewhat lower than those of
intermediate shell thickness egg& (%) and low shell
thickness eggs¥(.¢%), however, this difference was not
significant. On the other hand, eggs of low sHeltkness
lost more mass)\{,: %) than those with intermediate
(VY,YYZ) and high {+:,Y1%) shell thickness. Mass loss
during incubation was higher in hatched ,AA%) than in
unhatched eggs {,*37%) although it was not significant.
Accordingly, Shell thickness was negatively cortetiato
egg mass loss, while the pore density was corcelattn
hatchability.

- - Post-hatch chick mortality:

In South Africa, typical chick mortality is repode
to be¢ 7 (Allwright, Y447) or ¢+ 7 up toY months of age
and ) +7 from Y-1 months of age (Smith dl., Y443¢).




While, Verwoerd _etal, (Y19A) reported that typical
mortality at) week of age i3 +-Y+7, and at” months it is
V+«-Y./. FromY to )Y months of age mortality is typically
/. Moreover, mortality of chicks which required no
assistance to hatch wdsA’Z compared withYe7’Z for

chicks helped to externally pip (Deeming and Ayers
144¢),

Deeming (4%%) reported that in Israel, mortality
rates ranges frome-o+7. Low mortality (< +7%) was
observed at the beginning of the season whilstaapsh
increase in mortality occurs when temperatures hgis
and during the last months of the season (abeotit

-Factors affecting post-hatch chick mortality:

Shivaprasad (1Y) found that mortality of ostrich
chicks was sometimes as high'as):+/ as a result of
gastro-intestinal diseases, yolk sac infectionserli
diseases, haemopoietic disorders and respirateeases.
In addition, Musara and Dziva {%%) investigated the
effect of disinfection on hatchability of ostricBt(uthio
camelus) eggs and found that streptomyses is sieshtec
have caused early embryonic mortality.

- Yolk sac infection:

Deeming (%4°) studied the role of yolk sac
utilization and the incidence of yolk sac infectiom
ostrich chicks which died or were culled and fidim
embryos which had failed to hatch and found thateh
was a high correlation between yolk mass and et
mass at hatching. The yolk sac was aroutd V7 (Y« «-

Y. .g) of the initial mass of the egg afid-¢+ % of chick
weight. Larger yolk sacs in mass were infected, so,
antibiotic treatment should be used, while surgdmyuld

be a last resort.

- - - - Nutrient deficiencies:

The design of successful feeding programs for
ratites (ostriches and emus) is a special challetoge




nutritionists and production managers. There iflelit
scientifically based information on nutrient reguirents

and efficiency of nutrient utilization by ratiteSince the

first publication on ostrich nutrition appeared YA'Y
(Dowsley and Gardiner), a considerable amount of
research has been conducted on the subject in South
Africa. Scientific publications on ostrich nutriioare,
however, scarce since plenty of this informatiomna
published in international scientific journals yet.
Nevertheless, successful feeding programs have been
developed by using basic physiological and his&bric
information available about ostriches and emus aoeb

with knowledge about the nutrient requirementsafljyy

and other species (Scheideléfv).

Angle (*447) reported that like pigs and poultry,
ostriches are monogastric herbivores (plant—eatznsl)
their digestive system has adjusted to cope withels
amounts of low—quality fiber-rich plant material
(roughage). Deeming and Ayresi(i ¢) suggested that the
toe deformities in several ostrich chicks were not
primarily a problem associated with poor incubatiort
were related to the breeding paddock and hens.

- Leg deformities (Tarsometatarsus
bones) and factors affecting it:

Leg deformities were reported to be the most causes
of ostrich chick wastage (More, ). He demonstrated

that the limb deformities were the single most intgiot
cause of culling (%) of ostrich chicks raised during

one ostrich breeding season. Foggin () postulated that

limb deformities in ostrich chick include a rotated
twisted leg, perosis, slipped tendon, straddle feded
toes, bowed leg and rickets where the affecteckshie@re
culled resulting in considerable financial losse®s$trich
farmers. Bezuidenhout et al., ( ) stated that tibiotarsal




rotation in ostrich chick is a serious problem thatounts
for considerable financial loss to ostrich farmers.

Mushi etal., ( ) stated that the health of the legs

of chicks is of critical importance. Four key preivis
exist: Tibiotarsal rotation, rolled toes, slippeshdons,
and bowed legs, and all of these categorized ag “le
problem”, however, their aetiologies are quite efidint.
The frequency of incidence can be critical in deiamg
the survival of any batch of chicks. Tibiotarsataton
involves a deformation of the distal Tibiotarsusnéo
resulting in the hock joint twisting outwards, waktreme
cases leading to birds standing with each leg faam
opposite directions. Limb deformities were detected
% of ostrich chicks. Tibiotarsal rotation (the

metatarsal bone had a lateral deviation) affectedf the
chicks with limb deformities (around of birds can

develop Tibiotarsal rotation), whereas, rolled toes
accounted for

They also observed that the right leg was often
affected more than the left leg and the incidenckno
deformities reached peak levels in weeks old.

Meanwhile, the lowest incidence was recorded at

weeks of age and no cases were observed thereldiy.
added that at the beginning of the breeding se#isen
incidence of limb deformities was very high andctesd
its minimum at the end. However, Foggin () found

that the peak incidence of leg deformities was tbtbe
around between weeks of age. Squire and More ()
stated that tibiotarsal rotation (TTR) was an int@ot
cause of mortality in farmed ostrich chicks durthg first
weeks after hatching and was considered a serious

problem. They concluded that improved pen design,



access to water and nutrition could reduce thelerae of
TTR.

Morrow etal, () reported that many ostrich
chicks developed swelling of the hock joint atto

weeks old. The swelling was localized to the praiim

extremity of the tarsometatarsusiowever, the birds
became unthrifty and stunted with torsional andudangy
deformities of the tibiotarsal and tarsometatapsaies.

The basis of the Tibiotarsal rotation conditiorais
structural twisting of the distal Tibiotarsus by tgp or
beyond (Deeming _etal,, a). Although, Speer

() found that bone mineralization was poor in afdct

bones, the exact cause for the condition is nottgxa
known, over feeding, malnutrition, inadequate ebsexc
trauma, poor flooring and genetics have all been
suggested. Bezuidenhout and Burgeti() concluded
that pelvic appendicular skeletal abnormalities katelral
rotation of tibiotarsus (affected ostrich chicksvioeen ¥
weeks and 1 month of age) make a significant
contribution to mortalities, the lesion affectecke thght
pelvic limb almost exclusively and very rarely thedt
limb.

Cook ("+++) and Steinman_edl., (Y+ ) reported
numerous causes of skeletal deformations and angula
limb deformity in poultry. They have been identifi@s
nutrients (toxicities, deficiencies, and imbalances
genetic, pathogens, infections diseases, mycotoxzing
many managerial factors. Practices (lighting prowa
trauma litter or floor conditions, rate of growtht quality
and biosecurity) all have been shown to directliedf
normal skeletal growth and development. The exact
etiology is unknown.

- - - - Factors affecting leq deformities:




In attempt to explain the causes of leg deformities
in ostriches Reece and Butler () suggested that

deformities caused by numerous factors including
nutritional deficiencies and imbalances, excesgivapid
growth rates, high protein concentrated diets and
inadequate exercise. This results in the developroén
osteodystrophy, rotation of the distal tibia, which
progresses of luxation of the gastroenemius tendbe.
chick was then wunable to stand or walk. Also,
Huchzermeyer () reported that the causes of limb
deformity was considered to be multi-factorial; gecs,
nutrition and excessive growth rates. It may be tue
management factors included inadequate exercise and
deficiencies of Ca, P, Vit. E and selenium (Brunamgd
Dolesenk, ), as well as deficiencies in Mn, Zn,

methionine or choline (Wallach, ).



- - - -Rapid growth rate:

Hallam, ( ); Deeming_etal, ( ) and Mushi
etal, () attributed the ostrich leg's deformities to the

rapid growth and increasing the length of the naesats
bones. They cleared that the metatarsal bone oiClost
chicks was shown to grow at rapid rate ofcm per week

in the first weeks of life. Therefore, the high rate of

tibiotarsal rotation in the ostrich chick at— weeks of

age might be due to their rapid growth rate. Also,
Deeming _etal, ( a) suggested that young ratites
certainly have large cartilaginous growth platesthe
long bones of the leg. So, Traumatic damage tdatieeal
aspect of the distal growth plate of the bone may b
considered as one of the important factors whiarses
the bone to deform.

-Effect of mycotoxins, Infection, stress, ambient
temperature and inflammation on bone weakness:

Reece ( ) and Manolagas ( ) reported that

infection, stress and inflammation can be riskdestor
bone integrity leading to bone weakness. Bone tides
such as osteomyelitis and osteonecrosis cause liooa
loss leading to bone weakness.

Duff et al., () found that a nutrients such as

mycotoxins affect bone growth, strength, metabolésrd
matrix constituents indirectly by affecting the ad@blism
of factors such as Vit. D that is essential forébealth.

Black ( ) and Dick and Deeming ( )

reported that in older chick the gastroenemiusdanzhn

be dislocated from the condyles of the tibio-
tarsometatarsal joint. The damage can be extensive,
leading to a compound dislocation as the recumbedt
kicks out, and soft-tissue damage is bilateral. S8auof



slipped tendons are unknown but the role of notmndi
deficiencies (e. g. manganese) needs to be inadstig
further. In many of the cases observed, dislocatiotine
tendon is usually related to some trauma or sharp
movement while running and nutritional deficiency.

Bezuidenhout and Burger ( ) stated that the
pathogenesis of proximal and distal tibiotarsaation in
ostrich chicks is not entirely understood. The tgsia
incidence of twisted or rotated leg syndrome isisee
week-old birds. They suggested that nutrition, istra

housing, sex, exercise and growth rate are factors
involved in deformities.

Huchzermeyer ( ) mentioned other possible

causes of paresis resulting in recumbency suclasisig
stasis, botulism, weakness, leg injuries and intissoualar
injections.

Furthermore, seasons and ambient temperature may
have some effects on leg deformities. Kreibich and
Sommer () reported that leg deformities depended on
the season and that fewer leg problems were eneaht
in ostriches reared during the summer months thaset
reared during the winter months. Also, Mushaket( )
observed that only a few causes of limb deformivese
seen in ostrich chicks raised during the warmer thrgn
while, the highest numbers of leg problems weresphe
when the environmental temperature was relatively at

C and C. They also observed a significant negative

correlation between the incidence per month and
temperature.



-Effect of genetic defects and bone weakness:

Boskey etal.,, () reported that bone density has

been shown to be a heritable trait. Tibial dyschoptasia
has been shown to be heritable and could indirectly
contribute to bone weakness in poultry during early
growth periods. Wong-Valle _eal., ( ) stated that
mutations in collagen can affect collagen synthesis
fibrillogenesis, or their post transnational mochfions,
which could alter matrix chemistry and mineraliratand
predispose bone to fragility.

-Nutritional problem:

Bezuidenhout_efal, ( ) stated that there are

many factors may affect bone formation and devekagm
such as rapid growth, age, sex, internal parasitegding
season all of which may affect the absorption and
metabolism of the various minerals involved in bone
formation.

Gandini etal, () noticed that ostrich chicks

developed enlarged hocks and bowing of the
tarsometatarsus at weeks of age when the chicks

examined radiographically. The chicks showed widgni
and poor mineralization of the metaphysis and efseal
plate. Administration of calcium borgluconates ionsd
the birds and showed increased mineralization.

The role of nutritional factors is probably most
relevant to poultry bone health and strength sscia P.
In this respect, Rath el., ( ) showed that adequate Ca

IS necessary to decrease bone turnover. Pealy €t ),

reported that high levels of phytate and cellulitisees in
the diet, can interfere with Ca absorption and Iteisu
hypocalcemia and decrease bone strength. They
concluded that it is necessary to judiciously bedathe



mount of Ca and P added in the poultry diet. Chan-¥t

al., (Y21V) showed that lameness in young ostriches was
caused by phosphorus deficiency (if the diet giteethe
ostriches had a very high Ca or low P in the dietthat
lameness in young birds occurred with,47 morbidity.
When the content and the ratio of Ca and P were
corrected, the morbidity decreasedeta Also, Bissinger
and Huchzermeyen §A) found that leg deformities in
ostriches partially caused by calcium or phosphorus
imbalances.

Tibial dyschrondroplasis (TD) is a leg disorder or
skeletal disease characterized by a vascular plug o
abnormal cartilage adjacent to the epiplyseal gnquidte
of the Tibia. In this respect, Yalcin at, (Y+++) reported
that a decrease in Ca absorption from the intddtingen
could play a role in broiler leg weakness, abnoitieal or
both. They suggested that high dietary Ca couldgme
development of lesions. Meanwhile, Nelsorakt (Y44 +)
found that high dietary levels of P (from¥Y7Z to +,¢A%)

did not cause leg abnormalities nor did Ca:P raftios

VL, U toY,AE),

Atia etal., () showed that very low phosphorus
concentrations (about  of recommendations) were
associated with locomotor abnormalities.

Hocking etal., () failed to demonstrate a strong

relationship between dietary calcium and available
phosphorus concentrations and the prevalence oLow.

Ca was associated with low tibial plateau anglestagh

Ca with increased radio density and bone width.

Bowlegs are characterized by a bending of the
tarsometatarsal bones (Guittin, ). The problem of

bowlegs is almost certainly due to a nutritionadlgem.
Gandini etal. () suggested that it was prevalent in



birds on a high-protein diet (), but there are many
instances where commercial diets of6 protein are used
without problems being seen (Deeming adt a).
Guittin () suggested that it may be due to problems
with calcium metabolism. Severe rickets has been
observed in ostrich chicks fed with breeder diets
containing about Ca. He suggested that the levels of

available phosphorus and the Ca: P ratio may be als
important in the prevention of this disorder.

Bezuidenhout etl, () reported that deficient

formation or poor mineralizotion of the osteoid mat
was associated with the deficiencies in the michoenals
including Zn, Cu, Ca, P, Mn and Mg. They added #rat
works as co-enzyme in the process of osteoid—matrix
formation and plays an important role in mineraima of

the osteoid. They also cleared that deficient fdiwnaor
poor mineralization of the osteoid matrix lead &dicient
bone formation and subsequent bone abnormalities.

Sunde ( ) found that the leg bones of many
pheasant chicks appeared deformed at aboueeks of

age; the type of deformity was almost entirely vas
deviation of the tarsometatarsus distal to theatgmnt
(bow—legged) and was similar to leg deformitiesZof
deficient. Scott etl.,, ( ) demonstrated that pheasant

chicks fed diets deficient in Zn have an abnorreatler
and leg development. Moreover, Cook @&t, ( )
reported that the addition of Zn to the commermated

diet successfully decreased the severity of legrdaties
or weakness.

Huchzermeyer () stated that high Ca levels in

plants and water on farms on calciferous soilsindnoce
malabsorption of Mg and Zn. Morrow ak, ( ) added



that the skeletal abnormalities in the ostricheseveaused

by the ingestion of an excess of dietary Ca. Rogs a
Cooper {:++) stated that it is important to avoid too
much dietary calcium as this may lead to depreapéake

of manganese and zinc. Mn deficiency has been
implicated in deformed leg syndrome and porosis. Zn
deficiency may lead to limb deformities, enlargethis
and thickening of the skin on the feet and legsittsand
Sales {%9°) added that selenium deficiencies lead to
lameness in ostrich chicks. This emphasises thd fore
strict diets and feed supplementation as showniligiS
and Van Schalkwyk,'(4¢).

Morrison and Sarett ( ) and Kienholz_etal.,
( ) stated that increasing dietary Ca has been

demonstrated to increase the requirement for Zntand
precipitate Zn deficiencies in chickens. Gandiniaét
( ) concluded that dietary deficiency in Ca was shown

to be the cause of the bone abnormalities. In &ahglit
Underwood () noted that excesses©ti and Fewere

adversely affected Zn absorption.

Osphal egtl., () showed that a deficiency of Cu
decreased collagen cross-link formation and lowered
mineralization. Renine_eal.,, ( ) demonstrated that
fluoride was found to be increasing bone density in
chickens. However, Wilson and Ruzler ( ) found that
supplementation boron to dietary laying hens imptbv
bone strength. Huff _etl, ( ) added that excess
aluminum in feed produces generalized growth depras
and reduces bone strength.

Mushi et al, ( ) compared affected ostrich

chicks with tibiotarsal rotation with serum mineral
analysis of normal ostrich chicks of comparable, agx
and body mass and raised under identical conditions



Their data showed that the mean serum Zn and Mzidev
were significantly elevated in deformed chicks, letihe
mean level of serum Cu in the deformed chicks was
slightly low. Kaneko ( ) added that the noticeable

muscle catabolism which due to muscular dystrophy m
be a result of the increase in the levels of plaBma

Heany () and Wohl_etal.,, ( ) reported that

supplemental protein and carbohydrate as energgasu
are important for bone health. However, excesseprot
intake produced negative Ca balance and stunt bone
growth. Therefore, supplemental Ca with protein rbay
necessary to maintain optimal Ca balance and beakih
Similarly, diets consisting of highly saturated sfatan
have adverse effect on bone mineralization and faaw-
diets can increase cancellous bone strength an@ bon
mineral content.

-Vitamins and deformation:

Vitamins are important feed additives in poultry
diets. Because vitamin D is a calcitrupic hormone
involved in Ca absorption in the intestine and &awsajor
regulatory role in bone metabolism and bone strengis
widely used as a feed supplement (Newman and Leeson

).
Weber () stated that because egg laying causes

a heavy demand for Ca, it is essential to suppléen

D to maintain optimal bone's health in laying hens.
Occasional field rickets in certain flocks of birdan
produce a major disaster due to poor mineralizaéiod
weak bones, which can be traced to Vit. D deficyeorc
vit. D metabolism.

Besides Vit D, Vit. B, C and K are integral to
bone health because of their involvement in ther®sis



of matrix constituents, such as collagen and osieot
and formation of collagen cross links (Weber, ).

Mushi etal, ( ) observed that adult ostriches

developed sudden onset paresis and were unablano s
up. They found that these ostriches were suffefiom
myonecrosis. Histopathological examination showed
degeneration of skeletal muscles, low serum sateniu
levels, high serum levels of AST, (Aspartate amino
tranferase) and CK (Creatine kinase), the serunemain
levels of Ca, P, Mg and Cu were within normal valaed
the levels of -tocopherol (vit.E) were relatively low.
Moreover, when they analyzed the ostrich breedeshma
they found that protein, crude fiber and mineraksrav
within normal levels. But tocopherol was low at

mg/ug. They reported that when ostriches at risk were
given multi-mineral and Vit. supplements the aféeict
birds failed to respond to therapy, meanwhile naemno
cases were observed. Similar results were foun¥dy
Heerden etl., (). Vorster (1A¢) found that ostrich
chicks which became lame atweeks of age and have
muscular dystrophy was responded to treatment with
vitamin E and selenium.

Dick and Deeming ( ) reported that the
incidence of rolled toes is variable in of birds. This

condition is characterized by the medial displaasnud
the pad under the large too and is common in chiokier
weeks of age .The etiology of this condition ikmown

although deficiency of B-complex vitamins has been
suggested. However, Dunn ( ) suggested that almost
all cases spontaneously revert to normal byeeks of

age. The persistence of rolled toes in older chagksears
to be related to rotation of the phalangeal bordso,
Liswaniz () suggested that this problem is associated



with poor muscle tone, which affects the tension of
tendons holding the foot pad in place, with lack of
exercise or a nutritional deficiency.

-Thyroid hormones:

No available information had been reported on the
effects of thyroid hormones on legs deformationstrich
chicks.



- MATERIALS AND METHODS

The present study was carried out in co-operation
between the Ostrich Production Farm, Nuclear Rebkear
Center, Atomic Energy Authority, Cairo, Egypt arltet
Faculty of Agriculture, AL-Azhar University, Nasritg,
Cairo, Egypt. Data were collected during the pefrod
August till October . Ostrich eggs were obtained

from two commercial farms e.g. Egy-Tec Farm, Gerza
Village, Giza, Egypt and Shamp International Conypan
for Ostrich Production. Normal and deformed legsewne
obtained from chicks belonging to Egy-Tec Farm,Zaer
Village, Giza, Egypt.

Two trials were carried out:

- First trial, factors affecting hatchability:

A total of ostrich eggs weighed between
and g were obtained from each farm. Eggs were
collected weekly in patches of eggs from Shamp
International Company for Ostrich Production aneggs
from Egy-Tec Farm, Gerza Village, Giza, Egypt.

- Eggs Collection:

Eggs were collected daily as soon as possible after
laying from the breeder stock and cleaned immelgiate
with a dry clean cloth or a soft abrasive, disitdet
solution sprayed on the surface of the eggs andlib#
was wiped dry with a clean toilet paper for eacly eg
(Deeming ). Each egg was numbered and identified

with a permanent marker. Eggs were stored for up to
days in a clean storage room at C and % relative
humidity as recommended by Gonzalealet( ).



- Egg Incubation

The eggs were set in metaframed egg trays in a
vertical position, placed in a commercial multigtag
incubator with a maximum capacity bf + + ostrich eggs.
Eggs were artificially incubated at,° " C andY° %RH
and theeggs were turned evefy hours throughtée° (A
times a day) up t&9 days. Eggs were candled at weekly
intervals during incubation period using a homemade
candling lamp or powerful ‘pen light’ torch to lighhe
eggs in a darkened room, unfertile eggs were erdud
On dayY4, the viable (fertile) eggs were transferred to
plastic hatcher baskets in the hatcher ug ¢aday. The
temperature and humidity profile during hatch wére C
and ¢+ % RH. Eggs were candled and checked during
hatching period. The eggs were allowed to hatch as
possible, although, some chicks which had pippetewe
helped by using the method described by Deemiral. et
(Ya4va,h).

- The following parameters were measured on

each eqg:
- Egg Weight

The egg weight at day of incubation (at the time

of setting) was recorded with an electronic digitalance
(Salter) accurateto =+ g.

- Egg size

The egg maximum length (long axis, L) and width
(short axis, W) were measured in cm by using calibe

mm accuracy).

- Egg Fertility




Fertility was calculated by the following
formula

Fertility  All setting eggs _Infertile eqg X
All setting eggs

- Percentage of egg weight loss during
incubation:
Percentage of egg weight loss (EWL%) during
incubation was determined according to Gonzaleal.et
( ). by the following formula

EWL % (Egg weightday Eggweightday )X
Egg weigh day

- Egg hatchability %:

Hatchability (%) from fertile eggs were calculated
by the following equation

Hatchability % Number of eggs hatch X
Numbef fertile eggs

- - Eggshell parameters
At the end of incubation period (, days) the fertile
eggs were classified intogroups; hatched and unhatched

eggs. The eggshells of each group were collectetl an
cleaned of adhering shell membrane and washed with
distilled water to remove all albumen and driedravght

at C and then wet ashed according to method

described by Charles etl., ( ) . The following
parameters were taken
- Eggshell Percent:




The eggshell percent was calculated as follow
according to Christensena&t( ).

Eggshell % Egg shell weight X
Egg weight

- Egg shell porosity

Eggshell porosity was determined by a averaging
pore count obtained from discretionary sampling at

independentCm sites on an eggurface. The sites were

chosen approximately equidistant along the equsdor
better visualize and facilitate a more accuratentag of
porosity, each selected site was dyed with a faedig
blue dye before counting. A clear dichotomy of psiee,
small and large, was observed according to Gonzstlez

al.( )

- Egg shell thickness

Eggshell thickness was obtained by a averaging
thick measurement made at the same five shell sged
to determine porosity. A slip clutch micrometerswesed
to make individual thick estimate to the nearest mm.

- Eggshell minerals
The eggshell content of Ca, Mg, Zn and Mn, were
determined by using Atomic Absorption Spectropha@am
(Buck Scientific, Model  VGP). Shell P was determined
using the calorimetric technique of Goldenberg and
Fernandez( ).




Post-hatch chicks weight

Post-hatch chicks were weighed just after hatching
completely using an electronic balance (Saltecueate
to+ g.

- Second trial:

Tarsometatarsus bones of normal and

deformed chicks aged from weeks were collected

from Egy-Tec Farm, Gerza City, Giza, Egypt and
analyzed for minerals content (Ca, P, Mg, Zn and.Mn

- Collection and preparation of tarsometatarsus

bones for_mineral detection:
Normal and abnormal tarsometatarsus bones for
chicks aged from to weeks were collected, cleaned of

all adhering tissues, rinsed with distilled watad aried
over night at  C. A portion ofeachbone was grinded

using steel mixture theng was subjected to wet ashing
according to method described by Charleslet( ).

Ca, Mg, Zn and Mn were determined by using Atomic
absorption spectrophotometer (Buck Scientific, Mode

VGP). While, P content was determined using the
calorimetric technique of Goldenberg and Fernandez

( )
- Collection of blood samples

Blood samples were collected from the right jugular
vein of the normal and deformed chicks througheal
dry needle G into -ml test tube. Blood samples were

left at room temperature for minutes then
centrifuged for minutes at r.p.m. Serum was
separated and transferred into ml apondorf tubes and
stored at  C until analysis.




The following blood serum parameters were measured:
- Serum Total proteins:

Serum Total protein was measured colorimetrically
according to Henry ().

- Serum Albumen

Serum albumen was determined colorimetrically
using Albumen-Kit (bioMerieux Vitek , Inc.USA)

- Serum globulin

The concentration of globulins in each sample was
obtained by subtracting the albumin values fromttial
protein concentration.

- Albumin : globulin ratio (A/G ratio):

The A/G ratio was determined by dividing the value
of albumin on the value of globulin in the serum

- SerumUrea:

Serum urea was determined according to Patton and
Crouch ().

- Serum Cholesterol

Determination of serum cholesterol was carried out
according to the method of Watson ()

- Serum Total Lipids

Serum total lipids was determined according to
Lxingth etal., ( ).

- Determination of serum alkaline
phosphatase in serum

Alkaline phosphatase was determined colorimetyicall
using TECO kit, (TECO ,diagnostic, California, LAB.



- Hormonal assay
Total thyroxine (T) and triiodothyronine (T) were

measured in serum by radiimmunoassay Kits (Coat-A-
Count. PC Diagnostic Products Corporation Los Asgle
CA ).

- Determination of minerals

Serum inorganic phosphorus was determined
colorimetrically by phosphorus kit (BioAdwic, El-SiaCo.
Egypt, (A.E.P).Total calcium, manganese, magnesimah
zinc contents in blood serum were determined ie fitnes

serum dilution for trace elements and intimes for macro

elements, by using Atomic Absorption Spectrophoteme
(Buck Scientific Model )

- Statistical analyses:

The data obtained in this study were analyzealgusi
statistical analysis system software (SAS, ).



- RESULTS AND DISCUSSION

- Factors affecting ostrich eqqg fertility and
hatchability:

- Fertility and hatchability of ostrich eggs:

Table () indicates that the fertility and hatchability

of ostrich eggs were affected by management system
(may be due to nutrition). They were higher in farm

(good management) than in farm(poor management).

The fertility was  in poor management vs. in good

management farms. Furthermore, poor management
decreased hatchability as percentage of fertiles dégum

to . The lower hatchability in poor
management farm was due mainly to higher late death
percentage ( VS. In good management farm),

meanwhile there was no noticeable difference iaatibn
rate and percentage of early death.
The percentage of infertility in the two farms (

and in farm and , respectively) was within the
range reported in ostrich eggs by many authorsr{iirege
etal, a; Mellett, ; Deeming and Ayres, and
More, ).

Badley () concluded that the average fertility rate

in farmed ostriches is low and must improve sigaifitly
to allow the industry to move into available protioic
phase. The lower fertility rate may be due to rigni
status, genetic, breeding behavior, and egg tredthefore
incubation (collecting, disinfecting and storagesg@s).

Deeming and Ayres ( ) stated that factors
affecting fertility of eggs include the genetic and



nutritional status of the breeding as well as thaimg
behavior and efficiency of the birds. Badley ( ) added
that fertilization of the egg depends upon breeding
behavior, bird condition and environment. Nutritstatus
includes deficiency of vitamins and minerals inahgd
Vit. A and E and selenium and sever malnutritidrhale
been linked to decreased fertility (Iron, ). Effect of
genetic was postulated by Dzama @t ( ) who
reported that a high level of inbreeding decreased
fertility. Huchzermeyer () explained behavioral effect
on fertility. He reported that behavioral disordeften
lead to a failure to copulate such as excessiveeagmpn,
obsessive territorial behavior, incompatibility Wween
males and females and human imprinting on reprogiict
success. Moreover, More ( ) demonstrated the effect
of laying season on fertility where it was low dtet
beginning of the seasons and rose to a plateavesf o

by week of laying which was maintained until around

week of lay and decreased thereatfter.

The hatchability rate from all eggs in the present
study is in agreement with the average of reported by

Mellett (), More etal., ( ) and Deeming?%¢°).

Moreover, Deeming(14¢) stated that'A — ¢+7 of the
fertile egg failed to hatch which is in accordamath the
Y¢,Y to oY,¢7 in the present study. Badley ( ) added
that hatchability (proportion of fertile eggs hatay) and
survivability (proportion of chicks surviving to rime
months) were and , while More etal., () found

better results ( hatchability and  survivability).
Deeming (%9Ya & Y44ea) stated that the

hatchability depends firstly on the characterisiéshe
egq itself which were determined prior to layingldhen



on the management practices and the environmental
conditions imposed after the egg was laid. The es&fal
artificial incubation as measured by maximizing
hatchability of fertile eggs depends upon havingdyegg
quality and proper egg management during the pre-
incubation and incubation periods and providing the
optimum conditions for incubation and hatching. In
addition, Deeming ( ) cleared that nutrition of

breeding ostriches, age, genetics and its envirahmere
several factors affected variable characteristioshsas
egg composition, eggshell conductance (porosihg a
egg size all of which were affecting hatchability.
Furthermore, More dl., () found that hatchability of

ostrich eggs was poor at the beginning of the yin
season and this may be associated with the low yolk
weight. The effect of environmental factors were
explained by Gonzalez ( ) who stated that temperature

was the most important environmental factors aiffigct
egg weight, egg composition, eggshell weight and
thickness and shell porosity. Another importanttdac
which affects hatchability is the inbreeding betwebe
birds (Hermes) 1A4%).



Table (): Fertility and hatchability of ostrich eggs in
two farms.

Farm Farm

Out come No T F No T

Infertile eggs -

Fertile eggs -

Infection eggs

Early death

Late death

Hatched eggs

Total eggs

%F =% from fertile eggs
%T =% from total eggs
Farm = poor management

Farm® = good management




- Physical and chemical ostrich eqg

characteristics affecting hatchability:
Effect of physical ostrich eggcharacteristics

on hatchability:

Hatchability of ostrich eggs and production of a
healthy chick depend on egg quality, which refershie
egg contents and the eggshell. So, increasing btheo
embryonic mortality during pipping and hatching diegs
first on the characteristics of the egg itself, ethwere
determined prior to laying. Therefore, the sucadssf
artificial incubation as measured by maximizing
hatchability of fertile eggs depends on studyingnso
physical characteristics of the hatched and nookeat
ostrich eggs.

Table () reveals that there were no significant

differences between hatched and unhatched ostggh e
in mean initial egg mass at set, egg sizes (lerqith
width in cm), eggshell weight after hatch, eggshell
thickness (mm) and mean egg shell porosity.

Effect of ostrich egg weight loss
during incubation on hatchability:

Although Table () indicates that the percent weight

loss was significantly higher in hatched than ihatched
eggs, Table (a) reveals that the percentage of egg weight

loss lower than  and higher than  were significantly

higher in unhatched than in hatched eggs. Consdguen
the recommended egg weight loss during incubation
period ( ) was significantly higher in hatched

( ) than in unhatched eggs ( ). Similar results
were reported by Nahm {449)



Who found that the weight loss of fertile ostrich
eggs (¢,Y%) during the ¢+ days of incubation was
significantly higher in the egg that hatched tharthose
that failed to hatch? He added that the longerogsriof
storage between laying and incubation resulted in
significantly more unhatched eggs. Bloodagt (Y 194A)
and Saito_etal, ('194) showed that embryonic deaths
were curve linearly related to evaporative watess|do
day Y° of incubation and the higher death rates occurred
in eggs with €7 and >4/ water loss. They postulated
that the percentage weight losses during the irtcubaf
the egg hatched wereYYZ per day and the fertile eggs
that did not hatch had higher or lower percentaget
loss.

Many authors reported different percent of egg
weight loss to achieve successful hatching peraader

artificial conditions e.g., (Jarvise eal., and
Simon and More, ), (Bowsher, ),
(Wilsonet al, ), (Nahm, ) and

(Deeming, ). Moreover, Saito et al., ( ) reported

that both lower and higher water losses resulting
decreased hatchability and the eggs that do hattth w
water losses below produced oedemetons, sluggish

and unabsorbed yolk chicks. The failure to losdigaht
weight can result in water retention by the chibiyis et
al., ) which can reduce hatchability. Furthermore,

Angle (*1%¢) stated that most oedema was generally
considered to result from insufficient water lossni the
egg during incubation. Deemin@i(Y) demonstrated that
insufficient water loss result in poorly developedcells,
poor gas exchange and wet or ‘water-logged ‘ oetlmmsa
embryos, many of which die at or near point of hatc
soon after. Also, low water losses (<) indicate low

permeability of the eggshell to water vapour ankeot



gases. If the permeability is very low then adadisib
problems of oxygen supply or carbon dioxide remaaa
complicate the survival of the embryos later in
development (Tullett and Deeming, ).

Reduction in hatchability due to high egg weight
loss during incubation was explained by Deeming ()

who reported that excessive water loss resulteduoiced
hatchability though dehydration of embryos and prev
hatching.

Effect of ostrich eggshell porosity
on hatchability:

Table () shows thathe fertile eggs which did

hatch had an insignificantly higher porosity thdre t
unhatched eggs (  vs. pore/cm for hatched and

unhatched eggs, respectively). Paganellfd() and
Button etal., (' 49¢) stated that pore numbers vary greatly
between ostrich eggs and average arouhgbore / Cm
which is in agreement with the present results.

However, Table (-b) shows that the percentage of
eggs with low porosity ( pore/cm) was significantly
(p< ) higher in unhatched eggs () than in hatched
ones ( % shell porosity has been implicated with

embryonic mortality and had a significant effect on
hatchability (Ar, and Bowsher, ). Christensen

and Edens () and Satteneri and Saterlee () stated

that the porosity of the eggshell may be play arblg in
hatching egg, both too many pores and too few puags
been shown to affect hatchability. Also, Sahanakt
() showed that pore density correlated with

hatchability where hatchability was less in low or
density eggs () than in intermediate ( ) and high



pore density eggs (). Gonzales edl., ('149) reported

positive correlations between pore density and reggs
loss and between pore density and hatchabilitysinat

eggs.
The effect of porosity on hatchability was exp&ain
by Deeming ( & a). He reported that “Tight*

eggs with low porosity lose little water and thiayntause
oedema (water retention) in ostrich embryos whiclkes
hatching more difficult. He also suggested that low
eggshell porosity may limit oxygen supply to thebeyo
resulting in suffocation without obvious symptomsda
the death resulted from hypoxia.

In addition, Wilson ( ) reported that the

tremendous variation observed in shell porosity and
weight loss of ostrich eggs indicates wide genetic
variability among hens. So, improved hatchabilstyikely

to be achieved through selecting hens that lay egtys
good shell quality and adequate, uniform shell piyo

Effect of eggshell thickness on hatchability:

Table () shows that eggshell thickness had no

significant effect on hatched and unhatched osteighs

in the present study. This result is in agreemeith w
Sahan eal., (Y++Y) who found that shell thickness didn’t
correlate significantly with hatchability. They &td that
although the hatchability of high shell thicknesgge
1Y,1Z was somewhat lower than those of intermediate
shell thickness eggs¢,Y% and low shell thickness eggs
Y1, ¢7, meanwhile, these differences were not significant
However, eggs of low shell thickness lost more mass
('Y, Y7%) than those with intermediaté;YY”) and high

(Y +,Y1%) shell thickness. So, shell thickness was
negatively correlated to egg mass loss. Also, Geszet

al.,, (449) reported that although shell thickness did not
significantly affect hatchability the shell was riher in



hatched eggs than in the unhatched ones and tk#t sh
thickness and egg mass loss were negatively ctackla
Vick et al., (Y49Y) indicated that there are some factors
other than shell thickness affected embryonic nhbyta
and development of chicken eggs such as the poor
albumen quality and thinner cuticle and shell meanbr

On the other hand, Peeples and BrakéAf)
demonstrated that eggshell was a major respiratory
component of the developing embryos and the thicker
shell produce greater resistance to gaseous diffusnd
the shell thickness was associated with increased
embryonic mortality. It is of interest to note that
hatchability was depend upon a proper relationship
between pore concentration and shell thicknesse(por
length) which provided proper weight loss for optm
embryo growth (Button_etal, Y41¢; Sateneni and
Satterlee) 14 ¢; Christensen dl., Y497 and Deeming and
Ar, Y444), Moreover, Saleh ( ) showed that shell

thickness of different shell regions is consisterih the
removal of Ca from eggshell for bone formation dgri
the embryonic development.

Effect of ostrich egg size on hatchability

Table () shows that egg weight, egg length and egg
width did not differ significantly between hatchead
unhatched eggs indicating that in the present stgly
weight and dimentions did not affect hatchabiligchuse
they were within the normal ranges reported foricist
eggs. Meir and Ar () stated that the length and width

of normal ostrich eggs were cm and cm,

respectively, which are in accordance with thatnfibin
the present study. On the other hand, Simon ande Mor
(), Krawinkel (*%2¢) and Ar etal., ('?41) reported

that egg size and weight had a significant effest o



hatching rate which was due to lower hatchabihtyarge
and small eggsY¢ and ‘¢ %, respectively, lower than
average eggs). It is worth noting that the meanvegjght
in the present study ( vs. gm for hatched and

unhatched eggs, respectively) was far from the gawiy
low and large eggs weights that affecting hatclitgbil
Wilson (Y4%)) postulated that eggs weighing less than
Y +++g or more than A+ +g have reduced hatchability. The
effect of egg size on hatchability was explained by
Deeming () who stated that the effect of egg size on

hatchability was due to a reduction in the surfaa to
volume ratio with increasing egg size making the lgaat
exchange more difficult.

Effect of ostrich chick weight
(gm) at hatch on hatchability:

In unhatched eggs, chick weight (gm) at hatch was
more significantly higher ¢Y,Y+Y2,¥) than that in
hatched eggs ( ) (Table,Y-c). This higher chick
weight at hatch in unhatched eggs may be due terwat
retention by chick as a result of failure to losdfisient
egg weight during incubation. Davisat, (Y 1AA), Wilson
(Y4%)), Button (1%Y) and Terzicht and Vanhooser
(Y44Y) showed that the failure of eggs to lose wateddea
to storing the excess of water in the embryo's et&eél
muscles and under the skin resulting in a chanatter
oedema.

The above results indicate that the low eggshell
porosity and percentage weight loss the main factor
caused the reduction in hatchability. These resaits
confirmed by the low hatchability. In due to hightd
death percentage (TabM,Burton and Tullett {3AY) and
Davis etal, (Y%AA) concluded that hypoxia was the
proximal cause of death in oedematous embryo astdtr
of impaired oxygen diffusion across the moist shell




membranes. Furthermore, death of near term chiggs m
be due to myopathy. Deeming)ife) found that
myopathy was contributed to muscular fatigue anldria

to hatch. Myopathy was thought to occur secondaaly
exertion, hypoxia and respiratory acidosis and ity be
more direct causes of death in chicks which eximidpithis
symptom. Embryos with low incidence of pelvic mescl
lesion and was pipped the air cell or shell brokes
assisted to hatch.



Table (): MeantS.E. of hatched and non-hatched
ostrich eggs physical characteristics.

Egg physical characteristics Egg Class
Hatched Unhatched
Initial Egg wt. at set (gm) a a
Egg wt. at  d of incubation (gm) a a
Egg length(cm) a a
Egg width(cm) a a
Eggshell wt. (gm) a a
Percentage wt. loss ) b
Eggshell porosity (pore/cm) a a
Eggshell thickness (mm) a

late dead in shell

a,b means in the same row with different supertcidpe significantly different

P<




Table ( -a): Prevalence of percentage weight loss in
hatched and unhatched eggs.

Egg wt. Loss (%) Hatched Unhatched

No. % No. % p
<\Y/ Y,« | ¢,00 Y Sa 0 <
YY-VV £Y,« | 90,80 | VY Eayn
>V V7. 1 Yo,en
Total N RAEEIEENAR Yoo, en

<13 m13-17 O>17

1001

80

601

%

40+

20+

Hatched Unhatched

Fig. ( ): Prevalence of percentage weight loss in
hatched and unhatched eggs.




Table ( -b): Prevalence of eggshell porosity in hatched
and unhatched eggs.

Egg shell porosity Hatched Unhatched
(pore/cn¥) No.| % |[No.| % p
AV Y Y 1,0¥ ! Yo,en <
VY-V A Yo [1V,:4 |11 [oy,yY

>)A Toyvye [eo [y
Total $¢ [ VYou,e [ Yo [Yeu,

08-12 m12-18 [1>18

801 76.09
701
601
501
40+
30+
201
10

%

NN NN NN NN

Hatched Unhatched

Fig. ( ): Prevalence of eggshell porosity in hatched and
unhatched eggs.




Table (-c): MeantS.E. of hatched and unhatched ostrich
chicks weight.

Hatched Non-hatched

b
Chick wt. at hatch (gm) :

a,b means in the same row with different superrigre
significantly differentP<




¢—V-Y-Y- Effect of chemical ostrich eqg

characteristics
(eggshell minerals) on hatchability:

The mean eggshell mineral content of hatched and
unhatched ostrich eggs are presented in TalleThe

statistical analysis indicated that the eggshetiteat of
calcium (Ca), manganese (Mn), calcium to phosphorus
ratio (Ca/P) and calcium to magnesium ratio (Ca/Mg)
were significantly higher in unhatched eggs (latadlin
shell) than in hatched ones. On the other hand, the
eggshell content of phosphorus (P) and Magnesiume we
significantly higher in hatched eggs than in unhatt
eggs. Meanwhile, eggshell content of zinc (Zn) dat
differ significantly in hatched and unhatched eggs.

The significantly higher Ca/P ratio in unhatched
than in hatched eggshells was due to a signifigdotver
eggshell Ca in hatched than in unhatched eggs {¢s.

, respectively), while eggshell P was significantly

higher in hatched than in unhatched eggs. The l&eer
content in eggshell of hatched eggs may be dueato C
mobilization from eggshell for bone formation duyithe
embryonic development during incubation. SaleliA¢)
showed that shell thicknesses of different shejiaes are
consistent with the removal of Ca from eggshelldone
formation during the embryonic development. Moreopve
he reported that the thin shell of hatching eggg beadue

to the more consumption of Ca by the live embry@nt
the dead ones in the unhatching eggs. Also, Davis a
Christensen Y#%°) showed that the pores became wider
during ostrich egg incubation may due to a reductio
the shell thickness with inner surface shell enosiod Ca
mobilization. Furthermore, Tuan and Zrike){A)
reported that after the early period of embryomavwgh,
the primary source of Ca (over’) and Mg (overr-7)
was mobilized via shell absorption (dissolution tbe




shell) by the chorioallantoic circulation by meclsams
similar to bone resorption and the shell was thé on
sources of Ca and Mg late in incubation. Meanwhile,
Christensen and Eden$i¢\°) found that there were no
significant differences in the amount of Ca in dugls
containing non hatched or hatched turkeys. Thedmidgh

in hatched than in unhatched eggshells are in agee
with Christensen adl., (Y 4AY) who found that the pipped
eggshells contained significantly more P than nippgx

or hatched eggshells.

Also the significantly higher Mg in hatched than in
unhatched eggshells (Tabl&) caused a significantly
lower Ca/Mg ratio in egshells of hatched than of
unhatched eggs. Similar results were found by
Christensen eal., ('1AY) who reported that hatched egg
shells contained significantly more Mg than pipjecdon
pipped eggshells, the ratio of Ca to Mg increased
significantly in the hatched eggshells than pippedon
pipped eggshells. Tronter &k, (Y 1AY) found that Mg was
lost from membranes of chicken eggs betw&eand 4
days of incubation and Mg concentration of membsane
increased aftedA days of incubation so they suggested
that Mg played a more complex physialogical roleimy
incubation than simply as a structural componenthef
shell.

The higher Ca/Mg ratio in hatched than in
unhatched eggshells in the present results is adetting
with the high requirement for plasma Ca/Mg ratigiag
hatching. Christensen and Biellie? 3¢\Y) stated that
increased plasma Ca to Mg ratio in embryos atithe of
pipping and hatching increased physiological muecul
mechanism for breaking the shell and hatching aagi m
play a role in hatchability and that the increasedscular
activity due to increased plasma Ca:Mg ratio may be
required for the embryo to break and free itsedfrfrthe
shell. Also, Grabowski)?11) and Christensen and Eden



(Y3Ae) found that increasing the ratio of Ca to Mg in
turkey eggs atYe days of incubation improved
hatchability whereas decreasing the ratio suppsesse
hatchability. This contradection can be explaingdtte
less mobilization of Mg from eggshell in hatchedyeg
Christensen and Biellier§AY) reported that ionic Ca
stimulates muscular contraction whereas Mg inhibits
contraction and suggested that the influx of thess into

the egg membranes or embryonic circulation may
influence embryonic survival during incubation. Ehihe
lower Mg content in eggshell of unhatched eggs may
indicate that more Mg was mobilized from the egdlshe
causing the inhibition of muscle contraction anitLfa to
hatch.

The significantly higher Mn in eggshells of
unhatched than of hatched eggs may reflect the rlowe
mobilization of Mn from shells of unhatched eggslan
may affect the ability of chick to hatch. Wallach ()

stated that deficiencies in Mn, Zn, methionine loolme
may cause limb deformity.



Table ( ): Mean SE of Eggshell mineral content of
hatched and unhatched ostrich eggs.

Mineral Hatched Unhatched
Ca b a
P a b
Mg a b
Zn 2 2
Mn b a
Ca P ratio b a
Ca / Mg ratio b a

late dead in shell

a,b,c means in the same row with different supgrtsc are
significantly differentP<



- Factors affecting ostrich post-hatch chick
leqg deformation:

- Post-hatch chick mortality:

Chick mortality during the first weeks after hatch
ranged between to . Mortality due to leg
deformation representedto of total chicks and to

of dead chicks (Table,). The overall average of
chick mortality due to leg deformation was ( out of

chicks) which represent of the total chicks died
during this period (out of ). Table () and Fig. ()
reveal that from to weeks of age mortality rate ranged
between %, however, mortality due to leg

deformation (as percentage from total mortality)died to
increase by age. In South Africa, Allwright,3¢ 1) found
that the typical chick mortality is reported to be’ or
°.7 up toY months of age andl:Z from Y-1 months of
age (Smith_eatl., Y4%2). While, Verwoerd egl., (Y1%A)
reported that typical mortality atweek of age is +-Y -7,
and +-Y+7Z at ¥ months. From™ to 'Y months of age,
mortality is typically ©/Z. Moreover, mortality of chicks
which required no assistance to hatch Wag compared
with Ye7. for chicks helped to externally pip (Deeming and
Ayers Y14¢), In Israel, Deeming ‘@1%) reported that
mortality rates ranges fronp-° 7. Low mortality (< +7%)
was observed at the beginning of the season vehdharp
increase in mortality occurs when temperatures higis
and during the last months of the season mortedity is
about ©+7Z. Mortality rate in the present study is in
agreement with that found by Verwoerdagt(’ 19A) and
Deeming (14%) but it is lower than that reported by
Allwright, (Y 447).



Leg deformities were reported to be the most
important cause of ostrich chick wastage (More, and

Mushi etal., ) and its incidence reached peak levels
in weeks old. Meanwhile, the lowest incidence was

recorded at weeks of age and no cases were observed

thereafter. Limb deformities in ostrich chick indki a
rotated or twisted leg, perosis, slipped tendorgdsiie
leg, rolled toes, bowed leg and rickets (Foggin, ).

Bezuidenhout and Burger){iY) stated that pelvic
appendicular skeletal abnormalities and lateradtion of
tibiotarsus (affected ostrich chicks betweeanweeks and
month of age) make a significant contribution to
mortalities. The peak incidence of leg deformitieas
found to be around between weeks of age (Foggin,

). Morrow etal, ( ) added that many ostrich
chicks developed swelling of the hock joint atto

weeks old. The swelling was localized to the praiim
extremity of the tarsometatarsus. However, the shird
became unthrifty and stunted with torsional andudangy
deformities of the tibiotarsal and tarsometatatsahes.
Furthermore, Squire and More ( ) stated that a

deficiency in one or more of the Ca, P, Mg, Mn &
may contribute to limb deformities as a result aop
mineralization.

The causes of mortality due to other factors during
the early post-hatch period were explained by Sitasad
() who found that mortality of ostrich chicks was

sometimes as high as as a result of leg

deformities gastro-intestinal diseases, yolk sé&ections,
liver diseases, haemopoietic disorders and respyrat
diseases.



Table (¢):Prevalence of mortality and leg deformation

in ostrich chicks during the first A weeks of

age.

Age

week

weeks

weeks

weeks

Category

No

%

No

%

No | % No

%

Died due to leg deformities

Died from other reasons

Alive

Total

B 0-1 week O1-4 weeks 0O 4-6 weeks

W 6-8 weeks

%

deformities

Fig. ( ): Mortality rate during the first

reasons

Mortality due to leg Mortality from other

Total mortality

weeks of age.




- Effect of bone mineral content on legs

deformations

The bone-mineral content in normal and deformed
tarsometatarsus bones of the ostrich chicks argepted
in (Table, ). The levels of calcium, manganese and zinc in

deformed tarsometatarsus bones were significantiei
than that in the normal tarsometatarsus bones. M
phosphorus and magnesium levels were significantly
higher in the deformed tarsometatarsus bones than t
normal tarsometatarsus bones. As a result, the @adP
Ca/Mg ratios were significantly lower in deformdtn in
normal tarsometatarsus bones.

The lower Ca content in deformed tarsometatarsus
bones is in consistent with the previous resulet Ba

deficiency may cause limb deformity (Levy &, ;

Huchzermeyer,)44¢ and Mushi _etal., ). Also,

Bezuidenhout edl., ( ) stated that the bone calcium of

deformed chick with tibiotarsal rotation was sigraitly
lower compared with the values in normal chickseTh
reduction in Ca content in deformed tarsometatasunes
may be due to low calcium intake i.e. diet defitienCa

(Bezuidenhout and Burger, ; Rath etal, Y:+;

Creedon and Cashmah; ) and Baret al., Y+:¥), to a
decrease in Ca absorption from the intestinal lu@Yercin
etal, Y+++) or ingestion of an excess of dietary calcium
(Morrow etal., Y44V). Perry etal, (Y4%)) added that high
levels of phytate and cellulose fibers in the dosin
interfere with Ca absorption and result in hypoeala
and decrease bone strength. Furthermore, HeahyA)
and Wohl _etal. (Y%%A) postulated that supplemental Ca
with protein may be necessary to maintain optimal C
balance and bone health, similarly diets consistaoig
highly saturated fats can have adverse effect ome bo



mineralization and low fat diets can increase chous
bone strength and bone content.

On the other hand, the significantly higher P eanht
in the deformed tarsometatarsus bones than nornmed o
disagrees with results of Huchzermeyet¢) and Mushi

etal, ( ) who found that deformed tibiotarsal bones

had a significant reduction in P content. This rbaydue to
imbalance between diet Ca and P as suggested by &s
and Huchzermeyer Y§4A). Chen-Yan _etal., (Y3V)
showed that lameness in young ostriches was camged
phosphorus deficiency (if the diet given to theriobkes
had a very high Ca or low P in the diet) so thatdaess in
young birds occurred with+,%7 morbidity. Nelson e#l.,
(Y4%+) found that Ca:P ratios from™:) to ¥,%¢:) did not
cause leg abnormalities which coincided with thgoran
normal tarsometatarsus bones, while deformed
tarsometatarsus bones had lower Ca:P ratio J.

The significantly lower Mn in deformed than in
normal bones agrees with Black i¢¢); Dick and
Deeming (%%1) and Ross and Cooper:(-+) who
reported that Mn deficiency has been implicated in
deformed leg syndrome, slipped tendons and porosis.

The obtained results of significantly lower Zn
content in deformed than in normal bones agree thilh
reported by Sunde ( ) who found that leg bones of

many chicks appeared deformed at abouteeks of age

(various deviation of the tarsometatarsus distalthe
tarsal joint) which was similar to leg deformitiet zinc
deficient. Therefore, chicks fed diets deficienzinc have
abnormal log development and deformed leg. Ross and
Cooper () reported that zinc deficiency may lead to

limb deformities, enlarged joint, and thickening thie
skin on the feet and legs. Romarenfl Romanoff ()

reported that Zn deficiently increased impaired



development of the skeleton or legs tufted dowrisoA
Cook etal., () found that additional zinc to the diet

was successful in decreasing the severity of leg
deformities.

On the other hand, Bezuidenhout &, (Y1%¢)
demonstrated that there was no difference betwhken t
bone zinc content of affected and normal bird. They
explained that the increase in Zn in affected bimdg be
due to an attempt by the body to produce more wbsteo
(bone matrix) in response to the bone abnormatio(
mineralization).

The significantly higher Mg% and lower Ca:Mg
ration in deformed than in normal bones may bearptd
by the decreased muscle activity in deformed legsbi
Christensen and Biellier){AY) stated that increased
plasma Ca to Mg ratio may play a role in increased
muscular activity and ionic Ca stimulates muscular
contraction whereas Mg inhibits contraction.

From the above-mentioned results, it can be
concluded that deficient formation or poor minezaion
of the osteoid matrix is associated with deficiesdn the
micro mineral, Zn, Ca, Mn, Ca:P ratio and Ca:Mdgoat
Meanwhile, it may be affected by higher Mg contamt
bones.



Table (): Mean SE of the normal and deformed

ostrich

chick's

mineral content

tarsometatarsus bone

Minerals

Normal
Tarsometatarsus

Deformed
Tarsometatarsus

Ca

a

b

P

b

a

Ca/ P ratio

a

b

Mg

Ca/ Mg ratio

Mn

Zn

a,b means in the same row with different superrigre
significantly differentP< )




- Effect of serum mineral content on legs

deformations

Serum mineral content (Me&BE) of ostrich
chicks with normal and deformed tarsometatarsuse$on
are presented in (Tabl@). Statistical analysis indicated
that the mean serum calcium, manganese, calcium to
phosphorus ratio (Ca/P), and calcium to magnesatia r
(Ca/Mg) were significantly lower in ostrich chickath
deformed than with normal tarsometatarsus bones.
Meanwhile, the mean serum phosphorus and zinc were
significantly higher in the serum of chicks withfolened
tarsometatarsus bones than in normal ones. Ndfisigymt
difference was found between mean serum magnedium o
ostrich chicks with deformed and normal tarsometais
bones.

Limb deformity in ostrich chicks were found to be
due to deficiencies of calcium, phosphorus, manggne
magnesium, copper and zinc (Bruning and Dolesenk,

: Bezuidenhout_efal, ; Huchzermeyer, X

Mushi etal., and Squire and More, ). Guittin
( ) stated that severe rickets has been observed in
ostrich chicks fed with breeder diets containingub

Ca. The levels of available phosphorus and the €Hi®
may be also important in the prevention of thisodigr.
The deficiency in serum Ca, Mn, Ca:P ratio and Ga:M
ratio of deformed chicks in the present results iare
agreement with the previous literature. However th
significantly higher serum P and Zn in deformedntin
normal chicks in the present study are in contnat$t that

in literature. Squire and More ( ) stated that a

deficiency in one or more of the Ca, P, Mg, Mn, Znd
Cu may contribute to limb deformities as a restilpaor
mineralization, however, the elevated levels ofsée
minerals in the serum of birds with leg deformitieas a



paradoxical finding. Bezuidenhoettal., ( ) found that

serum Zn level was significantly elevated in thieeted
ostrich chicks with limb deformities compared with
normal chicks which agrees with the present re3iiey
added that Zn works as co-enzyme in the process of
osteoid—matrix formation and plays an importanerwi
mineralization of the osteoid which may explain the
increase in serum Zn of deformed chicks as an attem

the body to produce more osteoid. Also, Kaneko
reported that the noticeable muscle catabolism¢hvtue

to muscular dystrophy may be a result of the irszea
the levels of plasma Zn.



Table (): Mean SE of serum mineral content of

ostrich chicks with normal and deformed
tarsometatarsus bone

Minerals

Normal
Tarsometatarsus

Deformed
Tarsometatarsus

Ca

a

b

P

b

Ca/ P ratio

a

Mg

Ca/ Mg ratio

Mn

Zn

a,b means in the same

significantly differentP< )

row with different superscrigre




- Effect of serum blood chemistry on legs

deformations

Table () shows that mean serum concentrations of

alkaline phosphatase, urea, cholesterol, total eprpt
albumen and globulin were significantly higher in
deformed than in normal chicks with tarsometatarsus
bones. While, triiodothyronin (), tetraiodothyroxine (1)

and albumen to globulin ratio (A/G) were signifidgn
lower in deformed than in normal chicks. There wmas
significant difference between serum levels ofltbpad in
normal and deformed chicks.

The significantly higher serum alkaline phosphatas
(Alkp) in deformed than normal chicks may be due to
physiological increase in osteoclasti@ctivity or
decalcification. Levy eal.,( ) showed that activity due

to serum alkaline phosphates (Alkp) elevations maygue
to physiological increase in osteoclastactivity. Al-
Bustanyetal., ( ) stated that elevated plasma Alkp and

loss of bone material were found in calcium deftieens
irrespective of supplemental phosphorus. Hurwiid Baul
( ) reported that decalcification rather than cateifion

of bone is associated with increased alkaline phaisse
levels.

The significant increase in blood urea in deformed
chicks may be due to the catabolism of body protein
Palomequeet al, () reported that high blood urea in

ostriches and birds may result from catabolism odiyb
protein and dietary deficiency in essential amioos may
elevate levels of urea.

Perry etal.,, ( ) demonstrated that higher levels

of fat and low protein may result in high serum lelsterol
and vice-versa. Thus the significantly higher serum



cholesterol in deformed than in normal chicks mayde
to low protein in their diet.
Results in Table { indicates that the significantly

higher plasma total proteins in deformed than inmad
chicks was due to significant increase in plasniaurain

and globulin. The increase in serum globulin waseno
pronounced than that in albumin causing a sigmtica
reduction A/G ratio. The significant increase iolgllin in
deformed chicks may be due to increased antibody
formation because they are more susceptible tcaskese
Kwak et al () indicated that globulin portion mainly

involved in antibody formation as well as cell meare
activities and cell division and cell proliferatiollso,
Soliman ( ) showed that antibodies are globulin in

nature and are involved in immune reactivity
(immunoglobulins, Igs),
The significantly higher serum thyroid hormones (T

and T) in normal than in deformed chicks is in accordanc
with Biellier and Turnner ( ) who stated that the

thyroxin secretion rate appear to be correlated with the
faster growth rates. Gado ( ) indicated that thyroid

hormones are essential for normal growth in fond &me
overall body growth, maturation and growth of sfieci
tissue being affected. Also, thyroid gland playsagor role
in the regulation of growth in birds and thyroidrimones
play a major role in regulating the oxidative metizgm in
birds (Scanestt al., and Peebles and Marks, ).

Moreover, Ebling and Hale ( ) reported that thyroid

hormones influence most body functions. They diyect
affect a number of physiological processes andeayeired

for the permissive actions of other hormones orsehe
processes. For example they are obligatory with
somatotropin (STH) for early growth and development



Table (): Mean SE of serum blood chemistry of

ostrich chicks with normal and deformed
tarsometatarsus bones.

Serum parameter

Normal
Tarsometatarsus

Deformed
Tarsometatarsus

ALK.P U/l

b

a

Urea mmol/l

b

a

T.lipid mmol/l

a

Cholesterol mmol/Il

T.prot g/di

Album g/dI

Globu. g/dl

A/G ratio

T o/l

T o/l

a,b means in the same

significantly different(P< )

row with different superscripre




-SUMMARY AND CONCLUSION

The present study was carried out in co-operation
between the Ostrich Production Farm, Nuclear Rebkear
Center, Atomic Energy Authority, Cairo, Egypt and
Ostrich Farm belonging to Faculty of Agriculturel.-A
Azhar University.

The objectives are to study some factors affecting
hatchability and leg deformation as the major fexto
affecting ostrich production.

Two trials were carried out:

- First trial

A total of ostrich eggs were collected from

Shamp International Company for Ostrich Productiod
Egy-Tec Farm, Gerza Village, Giza, Egypt.

Egg weight, egg size, egg fertility, egg weightslos
during incubation and egg hatchability were detasdi
on each eggs.

Eggshells were collected from the hatchery and
classified into groups: eggshell from normally hatched
eggs and eggshell from unhatched (late dead in)shel
eggs. Eggshell percentage, egg shell porosity, shgdl
thickness and shell minerals contents (Ca, Pi,&fgand
Mn) were determined as factors affecting hatchighbili

Second trial:

Tarsometatarsus bones of normal and

deformed chicks aged from weeks were collected

from Egy-Tec Farm, Gerza City, Giza, Egypt and
analyzed for minerals content (Ca, P, Mg, Zn and.Mn



Blood samples were collectébm normal and

deformed chicks aged fromto  weeks and analyzed

for minerals content (Ca, P, Mg, Zn and Mn). The
following biochemical analysis were determined ladual
serum: serum total proteinslbumen, globulin,
albumin/globulin ratio (A/G ratio), urea, cholesikrtotal
lipids, alkaline phosphatase, &nd T.

Results indicated that:
- Good management increased fertility rate from

to and hatchability rate from  to

- The lower hatchability in poor management farm
was due mainly to higher late death percentage.

- There were no significant differences between
hatched and unhatched ostrich eggs in mean initial
egg mass at set, egg sizes (length and width in
cm), eggshell weight after hatch, eggshell
thickness (mm) and mean egg shell porosity.

¢- The percentage of egg weight loss lower than

and higher than  were significantly higher in

unhatched than in hatched eggs indicating that the
reduction in hatchability may be due to low or
high egg weight loss during incubation.

°- The fertile eggs which did hatch had an
insignificantly higher porosity than the unhatched
eggs and the percentage of eggs with low porosity
( pore/cm) was significantly higher in

unhatched eggs ( ) than in hatched ones ().

1- Eggshell thickness did not differ significantly
between hatched and unhatched ostrich eggs.

- Egg weight, egg length and egg width did not
differ significantly between hatched and
unhatched eggs indicating that in the present study
egg weight and its dimensions did not affect



hatchability because they were within the normal
ranges reported for ostrich eggs.

A- In unhatched eggs, chick weight (gm) at hatch was
significantly higher {¢),Y£Ye,Y) than that in
hatched eggs ( ) may be due to water
retention by chick as a result of failure to lose
sufficient egg weight during incubation.

- The eggshell content of calcium, manganese, Ca/P
ratio and Ca/Mg ratio were significantly higher in
unhatched eggs than in hatched ones.

-The eggshell content of phosphorus and
Magnesium were significantly higher in hatched
eggs than in unhatched eggs.

-The significantly higher Ca/P ratio in unhatched
than in hatched eggshells was due to a
significantly lower eggshell Ca in hatched than in
unhatched eggs while eggshell P was significantly
higher in hatched than in unhatched eggs.

-There was no significant difference in eggshell
content of zinc between hatched and unhatched
eggs.

VY- The significantly higher Mg in hatched than in
unhatched eggshells caused a significantly lower
Ca/Mg ratio in eggshells of hatched than in
unhatched eggs.

- Chick mortality during the first weeks after

hatch ranged between to . Mortality due to
leg deformation represented to of total
chicks and to of dead chicks and the

overall average of chick mortality due to leg
deformation was  which represent of the

total chicks died during this period.
- Mortality rate from to weeks of age ranged

between %, however, mortality due to leg



deformation (as percentage from total mortality)
tended to increase by age indicating that leg
deformities were the most important cause of
post-hatch chick culling or mortality.

-The levels of calcium, manganese and zinc in
deformed tarsometatarsus bones were significantly
lower than that in the normal tarsometatarsus
bones.

-Phosphorus and magnesium levels were
significantly ~ higher in the deformed
tarsometatarsus bones than in the normal ones. As
a result, the Ca/P and Ca/Mg ratios were
significantly lower in deformed than in normal
tarsometatarsus bones.

YA- The mean serum calcium, manganese, Ca/P
ratio and Ca/Mg ratio were significantly lower in
ostrich chicks with deformed than with normal
tarsometatarsus bones.

Y4- The mean serum phosphorus and zinc were
significantly higher in the serum of chicks with
deformed tarsometatarsus bones than in normal
ones.

Y+«- No significant difference was found between
mean serum magnesium of ostrich chicks with
deformed and normal tarsometatarsus bones.

-Mean serum concentrations of alkaline phosphate,
urea, cholesterol, total protein, albumen and
globulin were significantly higher in deformed
than in normal chicks with tarsometatarsus bones.
-Thyroid hormones (T andT) and albumen to

globulin ratio (A/G) were significantly lower in
deformed than in normal chicks.

-There was no significant difference between serum
levels of total lipid in normal and deformed
chicks.



It can be concluded that:
The lower hatchability was mainly due to high late
dead percentage resulting from high (3 or low (< )

egg weight loss during incubation period or to low
eggshell porosity which affects egg weight loss and
embryo respiration. Thus low eggshell porosity he t
main factor affecting hatchability as eggs with low
porosity lose little water and this may cause oetlem
(water retention) in ostrich embryos which makes
hatching more difficult. Also, low eggshell porgsinay
limit oxygen supply to the embryo resulting in ufhtion
without obvious symptoms and the death resultedfro
hypoxia.

The main causes of leg deformation in ostrich
chicks aged from to  weeks is the deficient formation

or poor mineralization of the osteoid matrix which
associated with deficiencies in the micro minezal, Ca,
Mn, Ca:P ratio and Ca:Mg ratio. Meanwhile, it mag b
affected by higher Mg content in bones.

Leg deformation was due to a significant reduction
iIn mean serum calcium, manganese, Ca/P ratio and
Ca/Mg ratio. Meanwhile, serum phosphorus and zinc
were significantly higher in the serum of chickstiwi
deformed tarsometatarsus bones than in normal ones
which need further studies.

Reduction in thyroid activity may be one of the
factors lead to leg deformation which needs further
studies.

Leg deformation affects muscle activity (causing a
significant increase in serum alkaline phosphatdsajy
protein catabolism (increased blood urea) and imityun
(increased serum globulin concentration).
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