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ABSTRACT: The effects of five levels of dietary protein and energy on
ostrich performance during hot season were evaluated in this Shinsky.
males and 10 females of healthy mature ostriches (Struthio camelus) were
randomly assigned equally into five nutritional groups A, B, C, D and E,
each of 1 male and 2 females. Birds wete {#6% protein +2800 kcal) ,
(17% protein + 2900 kcal ) 18% protein + 3000 kcal ) , (19% protein +
3100 kcal ) and ( 20 % protein + 3200 kcal) , respectivielyg production,
eggweight,egg physical characteristics, egg weight loss during incubation,
fertility, hatchability and chick weight at hatch were reded for each
group from March until October 200€hick weightat hatch in addition to
chick weightfeedconsumptiorand feecefficiencyat 21d and at 9@ of age
were recordedOn monthlybasisand from May to Septembevd eggs from
each group were raranly selected for chemical composition. Moreover,
hatched and late dead embryos were examined anatomically and
morphologically. Twdlood samples were collected from the birds of each
nutritional group, one at the beginning andhe otherat the end of the
experiment. Total proteins, albumin, cholesterol and total lipisl were
determired in plasmaData showedn increasein egg production by 8 %
and 12 % in E and D groupsompared togroup A (control group)
Increasing protein and energy levels in the detéha positive effect oge
weight, percent of hatchability and embryonic mortalitigis positiveeffect
resulted in a curve linear pattemith the levels of protein and energy in the
diets However,increasingprotein and energy levels in the ostrich diets did
not affect ostrich fertility Most of the embryonic mortalities occurred
during the2nd, 3rd and the 6th week of embryorage, with the greaést
percent of mortalitiesoccurring during the 3rd and the Btweek after
incubation. Energy as well as protein levels used in this study had no
significant effect on egg shell miner@ntent No significant effect can be
attributed to increasing energy and protein in the ostrich diet on shell
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weight percentage or on the physical characteristics ofotteet r €ggsh 6 s
Moreover increasing energy and protein levels in the ostrich diets
increasel (P O 0 .y6Ib ind albumin percentagein the egg No
significant difference neither in body weigfainsat 1-21d,21-90d and

90d or in feedconsumption between the chicks of the different nutritional
groups Feeding ostriches on high energy and protein diets had no
significant effect on plasma total protein. On the other hand, plasma total
lipids and cholesterol increased significantly (® 0. 05) wi t h
energy and protein levels in the diet. The anatomical and morphological
examination of the hatched and late dead embryos clearly showed that late
dead embryos have subcutaneous gelatinous, exdamyotrusion and
prolapsed yolksacs;abnormal position in theegg, slipping tendons, leg
disorders and dilated urethras which are filled with urinafBisus, it can be
concluded thatricreasing protein and energy in thstrich diet during hot
seasonclearly increasedegg production egg weight,hatchability, egg
albumin and yolk content and reduced plasma ttyeédls, cholesteroland
embryonic mortalityOn the other handncreasing protein and energy in
the ostrich diets had no significant effects on the egg physical
characteristics Consequently, the pronounced improvement in the
embryonic survivability anttatchability maybe due to improementin the
eggquality at laying which supplthe embryawith the requirednutrientsto
develop into a healthy chick.

INTRODUCTION

The ostrich industry has undergone very rapid developments during the
past decade and it is expected that this development will continue and be
more pronounced in the warm regions of the world than in the temperate
regions. This is because most of the waegions havean appropriate
environment for ostrich productiofCertain management practices in hot
climate regions , such as feed formulation , drug administration |,
vaccination , baby chick rearing , floor types and incubation management
need intensivestudies to reduce the detrimental effects of heat stress on
ostrich egg production and quality ,fertility , hatchability , growth and
survivability .

The most important factor whichffects ostrich Struthio camelus
production and limiting its constrdims the high embryonic mortality rate
and post hatch chiakortality.

Different studies were carried out on the effect of the environmental
factors on the hatchability of ostrich eggs. In this respect, Gonzalez (1994)
reported that temperature was the most important environmental factor
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affecting egg weight, egg compositiogeggshell weight and thickness and
shell porosity. High environmental temperature reslih a decrease in
albumn and yolk weight with a reduction in egg quality and hatchability.
Moreover,the sameauthor observethat a reduction in the feed intake was
associated with a reduction in egg weight and egg produdfioreover he
added that, egg size in breeder ostriches was influenced by levels of fats and
proteins in the diets.

Very little is known about the role of parent nutrients and the effect of
nutrient deficiency in the embryonic mortality and hatchability of ostrich
eggs. Brakeet al (1994) reported that nutrient deficiencies, most gross
deficiency in the egg at laying, resulted in embryonic failure and reduced
hatchability.

In hot climates, whenthe environmental temperature increase, the
performance of breeder ostriches is reduced, part of this impairment in
performance is due to reduced feed intake. NRC (188dcluded that in
broilers, the decrease in feed intake is about 1.5 % {@bter he range of
51 35 °C. Austic, (1985) confirmed the previous observation. Smith and
Oliver (1972), ina work with laying hens subjected to €1 and 38°C
temperatures, showed that 460 % reduction in egg production and egg
weight at 38°C is due toreduced feed intake, while the reductions in shell
thickness and shell strength are mainly due to high temperature.

The beneficial use of fats and proteins in-ivetather feeding programs
is well documented. Fuller and Rend@d877 and Reid (1979 reported
improvement in the performance of broiler and laying hens as a result of
adding fat at high temperature. Daghir, 1987 observed that added fat at 31
°C improved feed consumption by 17.2 % in laying hens. Bray and Gesell
(1961) reported that egg productioouéd be maintained at 3T provided a
daily protein intake of about 15 g was ensured by appropriate dietary
formulation. Moreover, he addetiat temperature has no effect on egg
number as long as protein intake is maintained.

The aim of thisresearch was to examine the influence of increasing
energy and protein levels in ostrich breeder diets during hot season on egg
production , egg weightegg physical characteristicegg composition
hatch weight embryonic mortality hatchability chick body weight chick
feed efficiencythe anatomy of hatched and late dead in shell emsband
breeder blood chemistry.
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MATERIALS AND METHODS
Birds and diets

Five males and 10 females of healthy mature ostricBasithio camelus
were randomlhassigned equally intoontrol group (A) andour nutritional
groups B, C, D and E, each of 1 male and 2 females. Birds were fed (16%
protein +2800 kca) (17% protein + 2900 kcpl(18% protein + 3000 kcgl
(19% protein + 3100 kcal) and (20 % protein {0@Z%kca), respectively
(Table 1) Energy and protein levels in the nutritional diets waisedthan
the control group by adding vegetable oil and soybean meal 44%
respectively. Feed and water were providedd.libitum. Each group
maintained in separa00 nf fenced perocatedat the ostrich farm of the
Agricultural Experimental Station, Faculty of Agriculture and Veterinary
Medicine, AL - QassimUniversity, Saudi Arabia.

Productivity (total egg production and average egg weight] egg
physical claracteristics of each group were recorffedh March to October
2007 (breeding season)Moreover, egg weight loss during incubation,
fertility, hatchability, embryonicmortality and chick weight at hatch were
recorded for each grouguring the same periodreed efficiency and chick
weight were recorded for the chicksthin groups at 21d and at 96 of age,
respectivelyFrom May to Septembewb eggsper monthfrom each group
were randomly selecteand usedor chemical compositiomnalysis each
egg wasbroken in a Bettary dish and the inner shell membrane was
removed, percentagef albumin, yolkand the outershell membranewas
calculated according to Christensetnal 1996 .Moreover, hatched and late
dead embryos were examined anatomically and morglualily. Two
blood samples were collected from each bird within groope at the
beginning and one at the end of the experiment. Total protiongsterol
and total lipid were determined in blood serulBggs of each nutritional
group were collectedaily after laying and cleaned immediately with a dry
clean cloth, sprayed with a disinfected solution on the surface of the shell
and wiped dry with a clean toilet paper (Deeming , 1997). Each egg was
numbered and stored for up to 7 days alcl&nd 69 %elative humidity as
recommended by Gonzalet d (1999). Eggs were introduced to the setter
in batches at weekly intervals.

Egg Incubation:

The eggs were incubated vertically at 385and 25% relative humidity
(RH) and turned 8 times a day through 45° up to 39 day<0Af dayof
incubation, the fertile eggs were transferred to individual plastic basket in
the Hatcher up to 45 days. Temperature and humidity profile during
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hatching were modified to 36 and 40% RH. The following parameters
were measured on each egg:

1- Egg Weight

Each egg was weighed to the nearest 0.01 g at the time of settingthad at
39 ™ day of incubation (before transferring to the Hatcher) using an
electronic digital balanceith accuracy Of + 0.01 .

2- Egg size

Egg maximum length (long axis, L) and width (short axis, W) were
measured in cm by usirggliber (1 mm accuracy)

3- Percentage of egg weight loss during incubgf/WL %):

Percentage of egg weight loss duringuination was determined according
to Gonzals et al (1999) by the following formula

EWL % =(Egg weight at dayl Egg weight at day39x100
Egg weigh at dayl

4- Egg shell parameters

At the end of the incubatioperiod (45days), egg shell of each egg in each
group was collected and cleaned of adhering shell membranes and washed
with distilled water to remove all albumen and dried over night &€ @en
weighed.

The following parameters were taken each egg.
a- Egg shell Percent:
The eggshell percent was calculated as follow:
Egg shell % Eqgg shell weighX 100
Egg weight

b-Egg shell porosity

Egg shell porosity was determined by an averaging pore count obtained
from discretionary sampling at 5 independeainfareason different size of

an eggsurface. The sites were chosen approximately equidistant along the
equator to better visualize and facilitate a more accurate counting of
porosity Each selected site wadaina&l with a foodgrade blue dye before
counting.
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c-Egg shell thickness

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

d- Egg shell minerals

Samples ofwo grams from the egg shell oieggs wereandomlyselected from
each nutritional grougsamples werashed according tilne method described
by Charleset al (1984).Cdcium, Mg, Zn and Mn in the egg shell samples were
determined by using Atomiébsorption Spectrophotometer (Buck Scientific,
Model 210 VGP) Shell P wagdetermined in the ash using the calorimetric
technique of Goldenberand Fernandez (1966)lI mineral quantities were
expressed as a percentage of the total shell weight analyzed.

5- Collection of blood samples

Blood samplesat the beginningand at the end of the experimenere
collectedatthemorningd ur i ng t he peri odfromhtheom 8
right jugular veinof each birdthrough a clean dry Zhugeneedleinto 10

ml testtubes. Blood samples were centrifuged for 6 minutes at 6000 r.p.m.
Plasmawas separated and transferred into 1.5embendorfftubes and
stored at20° C until analysisvere done

Blood plasmaparameters dfotal proteins, total lipid and cholestensére
measuredby using commercial kits (Spectruni Egypt and United
Diagnostic Industry Dammani’ KSA).

6 -Statistical analysis:

The obtainedwere analyzed using statistical analysis system software
(SAS,1988) theused modelwasYjj=p +T; +g;

Were Y=the observed value, © = populatiomean, T = the effect of
nutritional treatment,e = the error. One way analysis of variance and
Duncan's Multiple Range test were used to compare between the parameters
of the different nutritional groups. Studdrtest(ProcedurelIEST of SAS)

was used to test the significance between blood parameters at the beginning
and at the end of the experiment.

RESULTS AND DISCUSSION

Examination of the data in Tab{) clearly showed noticeable inceese
in eggnumberby 8 % and 12 % in E and D grouas compared witlgroup
A (controlgroup) However the incrasein eggnumberin these wo groups
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was not accompaniedwith increases inthe fertility percentages. Thus
increasingprotein and energy levels in the ostrich diets did not affect ostrich
fertility. However increasing protein and energy levels in the diet have
positive effecs on eg weight (Table 6) and both percentages of
hatcrability and embryonicenortality (Table2) Theses positive effectwere
curvilinear with the levels of protein and energy in tiliets. On the other
hand,the slight increasef the protein and energg the dietof groupB (17

% protein + 2700 Kcaljlid notenhancehe production performance of the
ostrich (fertility, embryonic mortality and hatchability) during summer
season.

The beneficiause of fatsas a source of energy hot weather feeding
programs is well documented. Fuller and Ren{®v7 andReid (1979
reported improved performance in broiler and laying hens as a result of
adding fat at high temperature. Moreover, Dagh#87 statedthat adihg
fat at 32C improved feed consumption by 17.2 % in laying hens. Bray and
Gesell (1961) reported that @y production could be maintained at°G0
providing a daily protein intake of about 15 ger bird was ensured by
appropriate dietary formulatioMoreover they added that temperature has
no effect on egg numbers as long as protein intake is maintained.

Data in Table3 presentghat all of the embryonic mortalities occurred
during the2nd, 3rd and 6th week of embryonic agegth the greagstpercent
of mortalities occuing during the 3rd and the 6th week aftecubation.
Moreover50 % of the embryan mortalities in group€, D andE occurred
at week6 afterincubation whichmeansthat the embryos ahese groups
were well developed but failed to hatcithis may be due teeither the
physical characteristics of thegg itself or to theembryo abnormagbosition
inside the egdphoto .1) Hatchability of the egg and the production of a
healthy chick depend on two matombinedfactors to give good quality.
First the contentsof the egg at laying must supply all the water and
chemical energy in the fornof macronutrients needed for embryo
development. Seconthe eggshellporosityallowing sufficient oxygennto
the egg to meet the demands of the embryo and the appropriate quantities of
water vapor and carbon dioxide to pass out (Ar, 1991 and Vleck,).1991
Angel (1993) reported that malpositioning of embryarsd thefailure to
hatchmay be due tansufficient water loss and possibly genetic factors. In
addition, deficiency or excess @itamin A in parent bird diets has been
implicated. Deeming (1995b)noted that malpositioning was the
predominant symptom in dead in shell ostrich embryo and was also noted to
be common elsewhere.
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Themineral content of egghell might influence embryo physiology

and hatchability. Meanwhile, Tuan (1983) and Ono and Wakasugi (1984)
reported that duringmbryonic development of the chicks, Ca and Mg are
supplied from two sources, the egg yolk and eggshell. Tuan and Zrike
(1978 reported that after the early period of embryonic growth, the primary
source of Ca (over 80%) and Mg (over 30%) was mobilized via shell
absorption (dissolution of the shell) by the chorioallantoic circulation by
mechanisms similar to bone resorption émelshell was the only sources of
Ca and Mgduring late incubation.Egg shell mineral content of the five
nutritional groups is presented in Tab#®. (Thedatashowed that energy as
well as protein levels used in this study, had no significant effect on egg
shell mineral contenfThis observation indicate thatineral withdraval by

the embryo®f the five nutritional groups from the shells wamostequal,

so the differencein the embryonic mortality between the dietary groups
(Table 2)was notdue to differencgin the outer structure of the egfegg
shelk) butmightbe due to a difference in the inner content of thes gk

and albumin)Table &) summariesthe proportional egg composition of the
five nutritional groups.No significant @ O  6ffeddcan) be attributed to
increagd energy and protein in the ostrich dat shell weight percentage
Meanwhile, increasing energy and protein levels in the ostrich diets
signi fi can tincrgasd(yék p&cerlagdeh She eggs ofgroups
(B&C&D and D) and increased albumin percentage in groups (B and C)
than the control group (AXhe significart increase inte yolk percentmay

be themain cause of reducing embryonic mortalities in thgsmups thann
group A (Table2) The proportioal composition of ostrich eggs in this
study isin agreementvith Saleset al (1996). The noticeableéncrease in
yolk and albumin in the eggs of the high energy and praopeiaps isquite
interesting because of the biological function of albumin fractions
(oval bumin, ovtransfeerrin, ovmucoid, | y:
against bacterial attask This effect is due both to a higher albumin
viscosity, which restricts bacterial movements, and to the direct action of
lysozyme, an enzyme that catalyzes hydrolysis -glyBosidic bonds of
polysaccharides in the bacteria cell wddlacDonnellet al 1%4).

Moreover, it is well known that lipids represents 30 % of yolk and that
they are the primary nutrient source to assure embryo's vitality (Speak
1998). Lipids provide a range of essential components for tissue
development and functionality (Nobét al, 19963 and also supply over 90
% of energetic needs. Approximately 50 % of the initial fatty acids content
of the yolk is recovered in the tissue lipidtbe chick (Noble and Cocchi,
1990 and Lin et al 1991), while the remaining part is used for energy
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production On the contrary, the carbohydrate content of the egg is very low
and its contribution to energy production is limited to the first few days of
embryonic developmentA comparative study on lipid composition of egg
yolks from ostriches fed high energy and protein levels is urgently needed
because essential fatty acjper seare moramportant tharthe total amount

of lipids.

Egg quality is considered one of the most important factors
affecting hatchability of ostrich egg$his is due to increasing embryonic
mortality during piping and hatching. Good quality refers to the egg
contents and to the egg shdlhe eggcontents with shell are very important
to provide the nutrientseeded for embryo to develop into a healthy chick
Physical characteristics of eggs of the five nutritional grangke present
studyarepresented irTable @). Data clearly show a significant (80.05)
increase in the egg weight asesult of increasing energy and protein in the
diet. Theincrease in egg weight was linear with the increase in energy and
protein in the dietincreasing energy and protein in the diet in grousB
and E increased egg weight by 1.22% ,2.41% ,3.57 % &@Yd0compaed
with the control group (A)respectively Deeming (1998) and Gonzalest
al (1999) pointed out that fasstriches therés a relationship between egg
weight andhatchability. Intermediatsized eggs hatch better than small or
large onesThe egg size ofjroups C D and E is off intermediatesize
Increasing energy and protein levels in the diet had no significant effect on
shell weightshell percenof theeggweight,egglength, eggvidth and shell
pores/Cn?. On the contrary , increasingnergy and protein levels in the
dietresulted in redusd shell thicknessslightly by 0.0Inm and 0.02nmm in
groups D and E than the control group ,(fgspectively Gonzaleset al
(1999) pointed out the reverse relation between shell thickness and egg
hatching and they observed that an insieg of 0.2mm of thickness at
equator can redudwatchability bypver 3®%.

To gain competitiveness in the ostricllustry,attentionmust focus
on increasing chicksurvivability, maximizing growth and reducing
embryonic mortalities and costs associated Viiteding. In the present
study, there were significant (® 0.05) effects of increasing energy and
protein in the ostrich diets on chick body weight athand at 21 d of age
(Tabler). The incrasein body weight was associated with increasing the
levels of energy and protein groups D and FHowever, at90 daysof age
the body weight of thehicks in thefive nutritional groups was similar
which mean thathe critical effed of the high levels of energy and protein in
the dietson body weight hato be in the earlgtage Moreover, the data in
Table (7) showed no significant difference in body weigh gainzitd], 21
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90 d and at-B0 d and in feed consumption between the different nutritional
groups.Table {) also showed no significamtifference P O 0.05) in the
bird's ability to convert food to body weight gain for the different diets.
Thus, feed conversiomatio was not affected bthe increased@ombination

of energyandprotein levels in theliets. Thesebservations is inconsistent
with Glatz and Miao (2008) who indicated that better growth can be
achieved by feeding growing ostriches low energy and low protiats

(10 Mj/kg +12.6%protein) than high energgnd proteirdiets (125 Mj/kg +
14.3%protein)Moreover, they reported that birds which fed on low energy
and low protein- diet had the highest feed intake compatedhe otler
treatments

Table (8): summarize the effect of increasing energy and protein levels in
ostrich diets orplasma contendf total protein total lipids andcholesterol.

No significant differences were observed between birds in the different
nutritional groups in plasma total protein, total lipids and cholesterol at the
beginning of the experimenData also showed no significant differences
between the dietgrgroups in plasma total protein thie conclusion of the
experimentData show thathere was no significant difference between the
values of plasma total proteiat the beginning and at the end of the
experimentor each nutritionagroup. This indicates that feeding ostriches

on high energy and protein diets had no significant effect on plasma total
protein. On the other hand, plasma total lipids and cholestghar at the
beginning or at the endf the experiment eitheat the beginning or at the
end of the experimerincreased significantly (® 0. 05) edendrgy r educ
and protein levels in the diet. This finding is in agreement with Paloonequ
et al (1991) who found that lowering the protein intake results in a higher
level of ostrich serum cholesol.

Photos from 1 to 8 represent Appendix for the abnormalities which were
observed during the embryonic stagémfpryos in abnormal positions,
swelling of the abdominal cavitysubcutaneous gelatinous materials,
absorbed yolk sacsevere enlargement and prolapsed of yolk sac from
cloaca openingslipping tendons and leg disordeasddilatedurethra field
with urate3. These observations may be thmin causes for embryonic
mortalities. Sofurther histological, anatomical andphysological studies
mustbe conducted
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Table 1 Composition and calculated analysis of the fivdlutritional

treatments
Ingredient Nutritional group
A B C D E
Yellow corn 48.5 48.0 48.5 48.0 47.25
Soybeammeal 44% 19.25 | 22.75 26.5 30.25 34.0
Wheatbran 12% 8.0 4.5 2.0 1.0 1.0
Alfa Alfa meal ,15 % 15.5 15 12.5 9.25 5.25
Vegetable oll 4.25 5.25 6.0 7.0 8.0
Dicalciumphosphate 1.39 1.39 1.39 1.39 1.39
Limestone 2.14 2.14 2.14 2.14 2.14
Salt (Nacl) 0.3 0.3 0.3 0.3 0.3
Premix** 0.5 0.5 0.5 0.5 0.5
DL-Methionine 99% 0.17 0.17 0.17 0.17 0.17
Total, kg 100 100 100 100 100
Calculated analysis %
Crude protein 16.02 | 17.02 18.04 19.04 20.02
ME kcal/kg 2802 | 2903 3006 3108 3203
C /P ratio 1749 | 170.6 166.6 163.2 160.0
Crude fiber 7.97 7.56 6.89 6.05 5.09
Ca % 14 14 14 14 14
Total P 0.7 0.7 0.7 0.7 0.7
Ca/ Total P ratio 2 2 2 2 2
Lysine (min %) 0.7 0.7 0.7 0.7 0.7
Methionine (min %) 0.27 0.27 0.27 0.27 0.27
Lysine / Methionine ratio| 2.59 2.59 2.59 2.59 2.59

A: 16 % protein + 2800 Kcal, B: 17 @rotein+ 2900 Kcal, C: 18 % protein + 3000 Kcal, D:
19 % protein+ 3100 Kcal, E: 20 % protein+ 3200 Kcal

** supplied the following per kg of diet: Vit.A 10000 IE ,vD3 1508, Vit.E 3 mg, Vit.B1
(Thiamine)2mg Vit., B2 (Riboflavin)8mg, Pantothenic Acid 19mg , Choline 1.430 mg ,Vit.

B6 (Pyridoxine) 5 mg, Niacin 57 mg, Biotin 0.2 mg, Folic acid 1.5 mg, Manganese 75 mg ,
Zinc 80 mg, Iron 100 mg, Copper 8 mg , lodine 0.5 mg, Cobalt 0.5 mg and Selenium 0.2 mg.
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Table (2): The effect of energy and protein levels on the

Performance of ostriches under hot

Production

Climate (from March to October) A B Zc:;_osm_ group D E
Measurement
Egg productior{number of eggs) 50 49 50 54 56
Feed int.Kg./bird/d 1.47° 1.35% | 1.38% | 1.35% | 1.36°
Number of fertile eggs 20 20 20 22 23
% of fertility 40.0 40.8 40 40.7 41.07
Number of hatched Chick 14 14 16 18 19
% of hatched chick 70 70 80 81.8 82.6
Number ofdead in shell 6 6 4 4 4
% of embryonic mortality 30 30 20 18.2 17.4

Means in the same row followed by a different superscript differ significantly (P<0.05).

Table (3): Weekly distribution of the embryonic mortality percent during
incubation as affected by protein and energy levels (Mean £ SE)

Embryonic Age week

Nutritional group

1 2 3 4 5 6
A - - 100 - - -
B - 3333 | 50 - - 16.66
C - 25 25 - - 50
D - - 50 - - 50
E - - 50 - - 50
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Table (4) Egg shell mineral content as affected by protein and energy
levels (Mean + SE)

Mineral Nutritional group

A B C D E
Ca% 14.9+0.05 | 14.6+0.07 14.8+0.10 | 14.2+0.12 | 14.4+0.09
P % 0.39+0.03 | 0.40+0.04 0.41+0.02 | 0.40+0.05 | 0.42+0.03
Mg % 0.70+0.05 | 0.60+0.06 | 0.72+0.08 | 0.68+0.07 | 0.71+0.09
n % 0.12+0.00 | 0.11+0.01 0.10£0.02 | 0.11+0.01 | 0.12+0.03
Mn % 0.08+0.01 | 0.09+0.03 0.07+£0.02 | 0.07+0.03 | 0.08+0.06

Table (5): Ostrich egg proportional composition percentage aaffected by

protein and energy levels (Mean + SE)

Parametel Nutritional Group
A B C D E
Shell |23.17 +0.25| 20.12 +0.30 | 19.76 +0.51| 19.77 +0.51 | 19.86 + 0.42
Yolk 225F+0.07| 23.19+0.48 | 23.77+0.79 | 24.49+1.50 24.27P+ 0.47
Albumin | 54.32+0.61 | 56.17+0.46 | 56.2P+0.77 | 55.49%1.76 | 55.25%1.30

Means in the same row followed by a different superscript differ significantly (P<0.05).
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Table (6): Egg shell physical characteristics as affected by protein anenergy levels

(Mean =

SE)

Nutritional Group

Physical Paramete
A B C D E
Egg Wt., (g) 1300.47 + | 131575+ | 1330.65 + | 1360.14 +
1284.76£ 3.10 | ™o n 4.07 5.07 410
Shell wt..(9) 24038 + 4.14 | 236:60% | 243.97% |, 0 034 6.54| 251.35 + 5.14
6.87 7.84
[0)
Shell (%) 18.71+0.41 | 18.22 +0.44 Hmo wm * | 18.64 + 49| 1848 + .48
Egg length, (Cm) N 14 .46 + 14. 98 + 14.51 + 14.60 +
14.44£034 0.24 0.09 0.36 0.23
Egg width , (Cm) 12.22 12.12 =+
12.06 +0.12 - 6.0 12.13 +0.07| 12. 25 + 0.13
Shell thickness ,(mm)|  1.90 +0.01 1.90 +0.01 1.90=0.01 1.89 +0.01 1.88 0.01
No. Shell pores/ (C | 1330+ 1,67 | 13.20 +0.59 13.70+ 0.54 13.30 + .67 | 13.35+ 1.04

Means in the same row followed by a different superscript differ significantly (P<0.05).
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Table (7): Effect of dietary protein and energy levels in the parent
diet on body weight, weight gain and feed efficiency of

there baby chicks

mmw«ﬂw_oxm Body Wt ( kg.) Body Wt. gain ( kg.) Feed Feed
s consumption Conve

nutritional d 21d 90 d 21d |21-90d 90d | Kg./bird from rtion

lda lda ay | 1-21 1- 1- :

groups y y y 1-90d of age ratio
A 0.720 2.61 25.52 1.89 22.88 | 24.8 52.08 2.10

B 0.710¢ 2.7G° 25.6 1.99 229 | 24.89 50.02 2.01

C 0.750 2.92 25.81 2.17 2298 | 24.15 50.47 2.09

D 0.800 | 3.07 25.9 221 | 22.89| 25.1 50.95 2.03

E 0.830 3.56 25.88 2.47 22.89 | 25.04 52.91 2.11

SEM 0.21 0.54 1.27 0.56 0.58 1.16 0.43 0.1

NS NS NS NS NS NS

Means in the same row followed by a different superscript differ significantly (P<0.05).
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Table (8): Blood protein, lipids and cholesterol of the ostrich breeders in the five nutritional groups

at the beginning (March) and atthe end (October) of the experiment

Blood Nutritional Group
t Month
parameter A B C D E
T. protein | March | 3.82+0.72 3.78+0.65 | 3.80+1.01 3.83+0.68 |3.79+0.75
g/100ml Octo. 3.79+0.88 3.81+0.81 |3.85+0.85 3.79+0.63 | 3.88+0.68
Total lipids | March | 1.11 + 0.98 1.13+0.79 | 099+ 0.74 1.01+0.78 |1.02+ 0.7
mmol/I Octo. 2.50 + 0.89 2.30+0.85 | 197+ 0.28 1.65+058 |1.63+ 0.68
Cholesterol | March | 1.77+0.76 1.76 +0.94 | 1.78+0.64 1.79+0.73 | 182+ 0.72
mmol/I Octo. 2.10+0.73 2.07+0.83 |2.01+0.49 1.80+0.8%8 |[1.60 + 0.8%

* Means in the same row followed by a different superscript differ significantly.

**Means in the same column of any blood parameter followed by a different sizeOf superscript differ significantly.
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Photo.2: Swelling of the abdominal cavity due to severe enlargement of
yolk sac in dead neonatal ostrich embryo
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Photo 3: Dissection of hatched embryos showing subcutaneous gelatinous
exudates (A), protrusion of yolk sac and severe enlargement and prolapsed
of yolk sac from cloaca opening (B)
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Photo 4: Infected unabsorbed yolk sac
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