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Abstract: To study leg deformation as a major factor affecting ostrich
mortality, tarsometatarsus bones and blood samples were collected from 30
non-deformed and 30 deformed ostrich chicks aged from 2-10 weeks. Blood
samples and tarsometatarsas bones were collected from the Ostrich
Production Farm of the Atomic Energy Authority, Cairo, Egypt and
analyzed for minerals content (Ca, P, Mg, Zn and Mn). Whereas, the
following biochemical parameters were determined in the sera: total
proteins, albumen, globulin, albumin/globulin ratio (A/G ratio), urea and
alkaline phosphatase. The obtained results indicated that:

1. Chick mortality during the first 8 weeks after hatch ranged between 10
to 25%. Mortality due to leg deformation represented 5 to 15% of total
chicks and 50 to 100% of dead chicks.

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

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

4. 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.

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

6. The mean serum alkaline phospatase, urea, total protein, albumin,
globulin, phosphorus and zinc were significantly higher in the deformed
tarsometatarsus chicks than in normal ones.
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7. No significant differences were found between mean serum magnesium
of ostrich chicks with deformed and normal tarsometatarsus bones.

INTRODUCTION

The ostrich (Struthio camelus) is a flightless bird belonging to the
ratite family and known as the largest living bird. Ostrich is native to semi-
arid and desert areas of Africa, they have been raised intensively in South
Africa for more than 100 years and reared commercially mainly to produce
usable products, including meat, hides, feathers, and eggs (Kreibich and
Sommer, 1995).

The investment base of the world ostrich industry has increased
dramatically over the last ten years. The most important challenges which
have been widely felt to cause considerable financial lose to ostrich farmers
and chick wastage is leg disorder. Leg deformities were reported to be the
most causes of ostrich chick wastage (Bezuidenhout et al., 1994; More,
1996 and Mushi et al., 1999). Juan and Baowei (2004) summarized the
causes, types and prevention measurements of leg disease in young ostrich.
They concluded that the reasons of leg diseases in ostriches are complicated,
it dues to multi-factors (leg diseases caused by: viruses, bacteria, vitamin
and mineral deficiency and mechanical factors). As the industry develops,
additional efforts must be made to address the causes and solutions to these
inevitable causes of chick wastage.

Lack of knowledge on the specific nutritional needs of breeding
ostriches has possibly been a major contributing factor in their historically
poor breeding performance. Brand et al (2002b) stated that successful
intensive commercial farming of ostriches (Struthio camelus domesticus)
requires an adequate knowledge of the nutritional needs of the birds and of
the components used in formulating diets. Although South Africa has had a
well-established ostrich industry for over a century, information on ostrich
nutrition, in particular specific nutritional requirements at different stages of
production, is still sparse. Nutritional information extrapolated from the
poultry industry has been used widely, but often proved unsatisfactory for
ostriches and has resulted in several nutrition-related problems, especially in
young, growing ostriches.

Brand et al. (1999) mentioned that nutritionists still do not agree
about the nutritional standards that should be used for ostriches and ostrich
diets have been formulated on the basis of poultry, turkey or pig
requirements. As a result, the recommendations and composition of diets for
ostriches still vary considerably. Consequently, Brand et al. (2002a)
reported that a diverse recommendations regarding the protein content in
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starter (14.6-22%), grower (15.0-21.8%), finisher (12.0-15.6%), as well as
maintenance (12.0-17.8%) and breeding diets (16.0-22.0%) are still found,
while recommendations for the energy requirements of breeding birds, for
example, vary between 7.9 and 10.6 MJ ME. Tully and Shane (1998)
revealed that blood chemistry profiles are extremely important in the health
management of ostrich.

The aim of the present study is to prove that leg deformation is
mainly due to deficiency in minerals related to bone formation rather than to
mechanical factors which is due to lack of knowledge on the specific
nutritional needs of breeding and growing ostriches.

MATERIALS AND METHODS

The present study was carried out in Ostrich Production Farm,
Nuclear Research Center, Atomic Energy Authority, Cairo, Egypt. Data
were collected during the period from August 2001 till October 2003.
Vitamin and mineral composition of grower and breeder rations are
postulated in Table (1).

1- Collection and preparation of tarsometatarsus bones for mineral
detection:

Thirty normal and thirty abnormal tarsometatarsus bones for chicks
aged from 2 to 8 weeks were collected, cleaned of all adhering tissues,
rinsed with distilled water and dried over night at 100 ‘C. Normal bones
were collected from normal growth chicks died from reasons other than leg
deformation. A portion of each bone was grinded using steel mixture then 1
g was subjected to ashing according to method described by Charles et al.,
(1984). Calcium, Mg, Zn and Mn were determined by using Atomic
Absorption Spectrophotometer (Buck Scientific, Model 210 VGP). While, P
content was determined using the calorimetric technique of Goldenberg and
Fernandez (1966).

2- Collection of blood samples:

Blood samples were collected from the right jugular vein of normal
and deformed chicks at similar ages (2 to 8 weeks of age) through a clean
dry needle 21 G into 10-ml test tube. Blood samples were left at room
temperature for 30-60 minutes then centrifuged for 5 minutes at 4000 r.p.m.
Serum was separated and transferred into 1.5 ml Apondorf tubes and stored
at -20 "C until analysis.

Serum biochemical parameters:

Serum total protein and albumin were measured calorimetrically

1361



M.O. Fahmy, et. al.,

according to Henry (1964) and by using Albumin-Kit (Bio-Merieux Vitek
Inc. USA). The concentration of globulins in each sample was obtained by
subtracting the albumin values from the total protein concentration. A/G
ratio was determined by dividing the value of albumin on the value of
globulin in the serum. Serum urea was determined according to Patton and
Crouch (1977). Alkaline phosphate was determined calorimetrically using
TECO kit, (TECO, Diagnostic, California, U.S.A).

Serum minerals content:

Serum inorganic phosphorus was determined colorimetrically by
phosphorus kit (BioAdwic, El-Nasr Co. Egypt, A.E.P). Total calcium,
manganese, magnesium and zinc contents in blood serum were determined
in five times serum dilution for trace elements and in 50 times for macro
elements, by using Atomic Absorption Spectrophotometer (Buck Scientific,
Model 210).
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Table (1): Vitamin, trace element and macromineral recommended for
South African ostrich rations (Cilliers and van Schlakwyk,

1994).
Nutrient Measure | 0-6 months | 6 months — | Breeder
/ton slaughter

Vitamin A U 12000000 9000000 | 15000000
Vitamin D3 19 3000000 2000000 | 25000000
Vitamin E U 40000 10000 30000
Vitamin K3 gm 3 2 3
Vitamin Bl gm 3 1 2
Vitamin B2 gm 8 5 8
Niacin gm 60 50 45
Ca Pantothenic acid | gm 14 8 18
Vitamin B12 mg 100 10 100
Vitamin B6 gm 4 3 4
Choline chloride gm 500 150 500
Folic acid gm 2 1 1
Biotin mg 200 10 100
Mg gm 50 - 40
Mn gm 120 80 120
Zn gm 80 50 90
Cu gm 15 15 15
I gm 0.5 1 1
Co gm 0.1 0.3 0.1
Iron gm 35 20 35
Se gm 0.3 0.15 0.3
Ca gm 12-15 9-10 20-25
Avail P gm 4-4.5 3.2-3.6 3.5-4.0

Mortality rate: Mortality rate (as percent) was recorded weekly up to eight
weeks of age and calcified to mortality due to tibiotarsal rotation or to other

reasons.

Statistical analysis:

Data were analyzed using statistical analysis system software (SAS,
1988). Student t test (Procedure TTEST of SAS) was used to test the
significance between deformed and normal groups.
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RESULTS AND DISCUSSION

Post-hatch chick mortality:

Chick mortality during the first 8 weeks after hatch ranged between
10 to 25%. Mortality due to leg deformation represented 5 to 15% of total
chicks and 50 to 100% of dead chicks (Table, 2). The overall average of
chick mortality due to leg deformation was 10% (8 out of 80 chicks) which
represent 66.7% of the total chicks died during this period (8 out of 12).
Table (2) reveal that from 4 to 8 weeks of age mortality rate ranged between
10-15 %, however, mortality due to leg deformation (as percentage from
total mortality) tended to increase by age. In South Africa, Allwright, (1996)
found that the typical chick mortality is reported to be 40% or 50% up to 3
months of age and 10% from 3-6 months of age (Smith et al., 1995). While,
Verwoerd et al., (1998) reported that typical mortality at 1 week of age is
10-20%, and 10-30% at 3 months. From 3 to 12 months of age, mortality is
typically 5%. Mortality rate in the present study is in agreement with that
found by Verwoerd et al. (1998) and Bezuidenhout (1999) but it is lower
than that reported by Allwright, (1996).

Leg deformities were reported to be the most important cause of
ostrich chick wastage (More, 1996 and Mushi et al., 1999) and its incidence
reached peak levels in 2-3 weeks old. Meanwhile, the lowest incidence was
recorded at 10 weeks of age and no cases were observed thereafter.
Bezuidenhout and Burger (1993) stated that pelvic appendicular skeletal
abnormalities and lateral rotation of tibiotarsus (affected ostrich chicks
between 2 weeks and 6 month of age) have a significant contribution to
mortalities. The peak incidence of leg deformities was found to be around 4
to 7 weeks of age (Foggin, 1992). Morrow et al., (1997) added that many
ostrich chicks developed swelling of the hock joint at 6 to 12 weeks old. The
swelling was localized to the proximal extremity of the tarsometatarsus.
However, the birds became unthrifty and stunted with torsional and angular
deformities of the tibiotarsal and tarsometatarsal bones. Furthermore, Squire
and More (1998) stated that a deficiency in one or more of the Ca, P, Mg,
Mn and Zn may contribute to limb deformities as a result of poor
mineralization.

The causes of mortality due to other factors during the early post-
hatch period were explained by Shivaprasad (1993) who found that
mortality of ostrich chicks was sometimes as high as 60-100% as a result of
leg deformities, gastro-intestinal diseases, yolk sac infections, liver diseases,
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haemopoietic disorders and respiratory diseases.
Bone mineral content of normal and deformed tarsometatarsus:

The bone-mineral content in normal and deformed tarsometatarsus
bones of the ostrich chicks are presented in (Table, 3). The levels of
calcium, manganese and zinc in deformed tarsometatarsus bones were
significantly lower than that in the normal ones. Meanwhile, 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. The lower Ca content in deformed tarsometatarsus
bones is in consistent with the previous results that Ca deficiency may cause
limb deformity (Levy et al., 1986; Huchzermeyer, 1994 and Mushi et al.,
1999). Also, Bezuidenhout et al., (1994) stated that the bone calcium of
deformed chick with tibiotarsal rotation was significantly lower compared
with the values in normal chicks. The reduction in Ca content in deformed
tarsometatarsus bones may be due to: low calcium intake i.e. diet deficient
in Ca (Bezuidenhout and Burger, 1993; Rath et al., 2000; Creedon and
Cashman, 2001 and Bar et al., 2003), a decrease in Ca absorption from the
intestinal lumen (Yalcin et al., 2000) or ingestion of an excess of dietary
calcium (Morrow et al., 1997). Perry et al., (1991) added that high levels of
phytate and cellulose fibers in the diet can interfere with Ca absorption and
result in hypocalcemia and decrease bone strength. Furthermore, Heany
(1998) postulated that supplemental Ca with protein may be necessary to
maintain optimal Ca balance and bone health. Similarly, diets consisting of
highly saturated fats can have adverse effect on bone mineralization and low
fat diets can increase cancellous bone strength and bone content.

On the other hand, the significantly higher P content in the deformed
tarsometatarsus bones than normal ones disagrees with results of
Huchzermeyer (1994) and Mushi et al., (1999) who found that deformed
tibiotarsal bones had a significant reduction in P content. This may be due to
imbalance between diet Ca and P as suggested by Bissinger and
Huchzermeyer (1998). Chen et al., (1997) showed that lameness in young
ostriches was caused by phosphorus deficiency (if the diet given to the
ostriches had a very high Ca or low P content) so that lameness in young
birds occurred with 90.9% morbidity. Nelson et al., (1990) found that Ca:P
ratios from 1.6:1 to 2.94:1 did not cause leg abnormalities which coincided
with the ratio in normal tarsometatarsus bones, while deformed
tarsometatarsus bones had lower Ca:P ratio (1.05).
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The significantly lower Mn in deformed than in normal bones agrees
with Dick and Deeming (1996) and Cooper (2000) 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 with that reported by Sunde (1972) who found
that leg bones of many chicks appeared deformed at about 2 weeks of age
(various deviation of the tarsometatarsus distal to the tarsal joint) which was
similar to leg deformities of zinc deficient. Therefore, chicks fed diets
deficient in zinc have abnormal leg development and deformed leg. Cooper
(2000) reported that zinc deficiency may lead to limb deformities, enlarged
joint, and thickening of the skin on the feet and legs. Also, Cook et al.,
(1984) found that additional zinc to the diet was successful in decreasing the
severity of leg deformities. On the other hand, Bezuidenhout et al., (1994)
demonstrated that there was no difference between the bone zinc content of
affected and normal bird. They explained that the increase in Zn in affected
birds may be due to an attempt by the body to produce more osteoid (bone
matrix) in response to the bone abnormality (poor mineralization).

The significantly higher Mg% and lower Ca:Mg ratio in deformed
than in normal bones may be explained by the decreased muscle activity in
deformed leg birds. Christensen and Biellier (1982) 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 above-mentioned results, it can be concluded that deficient
formation or poor mineralization of the osteoid matrix is associated with
deficiencies in the micromineral, Zn, Ca, Mn, Ca:P ratio and Ca:Mg ratio.
Meanwhile, it may be affected by high Mg content in bones.

Serum mineral content of normal and deformed tarsometatarsus
ostrich chicks:

Serum mineral content (Mean+SE) of ostrich chicks with normal and
deformed tarsometatarsus bones are presented in (Table, 4). Statistical
analysis indicated that the mean serum calcium, manganese, calcium to
phosphorus ratio (Ca/P), and calcium to magnesium ratio (Ca/Mg) were
significantly lower in ostrich chicks with deformed than with normal
tarsometatarsus bones. Meanwhile, the mean serum phosphorus and zinc
were significantly higher in the serum of chicks with deformed
tarsometatarsus bones than in normal ones. No significant difference was
found between mean serum magnesium of ostrich chicks with deformed and
normal tarsometatarsus bones.
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Limb deformity in ostrich chicks were found to be due to
deficiencies of calcium, phosphorus, manganese, magnesium, copper and
zinc (Bezuidenhout et al., 1994; Huchzermeyer, 1994; Mushi et al., 1998
and Squire and More, 1998). Guittin (1986) stated that severe rickets has
been observed in ostrich chicks fed with breeder diets containing about 3%
Ca. The levels of available phosphorus and the Ca:P ratio may be also
important in the prevention of this disorder. The deficiency in serum Ca,
Mn, Ca:P ratio and Ca:Mg ratio of deformed chicks in the present results are
in agreement with the previous literature. However, the significantly higher
serum P and Zn in deformed than in normal chicks in the present study are
in contrast with that in literature. Squire and More (1998) stated that a
deficiency in one or more of the Ca, P, Mg, Mn, Zn, and Cu may contribute
to limb deformities as a result of poor mineralization, however, the elevated
levels of these minerals in the serum of birds with leg deformities was a
paradoxical finding. Bezuidenhout et al., (1994) found that serum Zn level
was significantly elevated in the affected ostrich chicks with limb
deformities compared with normal chicks which agrees with the present
result. They added that Zn works as co-enzyme in the process of osteoid—
matrix formation and plays an important role in mineralization of the
osteoid which may explain the increase in serum Zn of deformed chicks as
an attempt by the body to produce more osteoid. Also, Kaneko (1989)
reported that the noticeable muscle catabolism, which was due to muscular
dystrophy may be a result of the increase in the levels of plasma Zn.

Serum parameters of normal and deformed ostrich chicks:

Table (5) shows that mean serum concentrations of alkaline
phosphatase, urea, total protein, albumen and globulin were significantly
higher in deformed tarsometatarsus bones than in normal chicks.
Meanwhile, albumen to globulin ratio (A/G) was significantly lower in
deformed than in normal chicks.

The significantly higher serum alkaline phosphatase (Alkp) in
deformed than normal chicks may be due to physiological increase in
osteoclastic activity or decalcification. Levy et al., (1986) showed that
activity due to serum alkaline phosphates (Alkp) elevations may be due to
physiological increase in osteoclastic activity. Al-Bustany et al., (1998)
stated that elevated plasma Alkp and loss of bone material were found in
calcium deficient hens irrespective of supplemental phosphorus. Hurwitz
and Griminger (1960) reported that decalcification rather than calcification
of bone is associated with increased alkaline phosphatase levels.
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The significant increase in blood urea in deformed chicks may be
due to the catabolism of body protein. Palomeque et al., (1991) reported that
high blood urea in ostriches and birds may result from catabolism of body
protein and dietary deficiency in essential amino acids may elevate levels of
urea.

Results in Table (5) indicates that the significantly higher plasma
total proteins in deformed than in normal chicks was due to significant
increase in plasma albumin and globulin. The increase in serum globulin
was more pronounced than that in albumin causing a significant reduction in
A/G ratio. The significant increase in globulin in deformed chicks may be
due to increased antibody formation because they are more susceptible to
diseases. Kwak et al (1999) indicated that globulin portion mainly involved
in antibody formation as well as cell membrane activities and cell division
and cell proliferation.

It 1s worthy to note that plasma levels of Ca and P of both normal
and leg deformed groups in the present study are lower than the range had
been reported by Fudge (1996) (6-13 mg/dl and 3.1-7.4 mg/dl for Ca and P,
respectively) for pooled ostrich samples or juvenile chicks indicating that
the recommended requirements of ostrich chicks from Ca, P and may be
vitamin D3 used in the present study are insufficient.

It can be concluded that, leg deformation in ostrich chicks was due
to low Ca, Mn and Zn in bones and low Ca and Mn in blood plasma and
further studies are needed for to investigate the adequate vitamins and
minerals requirements for ostrich breeders and chicks to avoid the high
incidence of leg deformation in ostrich chicks.

Table (2): Prevalence of mortality and leg deformation in ostrich chicks
during the first 8 weeks of age.

Age 0-1 week 1-4 4-6 6-8 Total
weeks weeks weeks

Category No | % No | % No | % No | % No | %

Died due to leg deformities 3 15 1 5 21 10 21 10 8] 10

Died from other reasons 2 10 1 5 1 5 0 0 4 5

Alive 15 751 18] 90| 17| 85| 18| 90| 68 | 85

Total 20| 100 | 20 | 100 ] 20 | 100 | 20 | 100 | 80 | 100
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Table (3): MeanxSE of the normal and deformed ostrich chick's
tarsometatarsus bone mineral content.

Normal Tarsometatarsus

Deformed Tarsometatarsus

Minerals
Ca% 18.43+0.06 9.59+ 0.05°
P% 7.92+0.02° 9.38+0.033%
Ca /P ratio 2.35+0.023 2 1.05+0.015°
Mg% 0.094+0.002° 0.226+ 0.0025°
Ca / Mg ratio 196.6+2.7° 42.742.1°
Mn% 0.0033+0.0003 0.0027+0.0005°
Zn% 0.246+0.001 0.169+0.001°

a,b means in the same row with different superscripts are significantly different (P<0.05)

Table (4): Mean+SE of serum mineral content of ostrich chicks with
normal and deformed tarsometatarsus bone.

Minerals Normal Tarsometatarsus Deformed Tarsometatarsus

Ca% 2.56 £0.014° 2.07 +0.013°
P% 1.8 +0.019° 2.0+0.015°

Ca /P ratio 1.5+0.012° 1.15+0.014°
Mg% 0.513 + 0.004 0.55+0.005°
Ca / Mg ratio 5.45+0.015 4.12 +0.023
Mn% 0.68 £0.011° 0.41+0.012°
Zn% 2.3+0.04° 4.04+0.07°

a,b means in the same row with different superscripts are significantly different (P<0.05)

Table (5): Mean+SE of serum blood chemistry of ostrich chicks with
normal and deformed tarsometatarsus bones.

Serum parameter Normal Deformed
Tarsometatarsus Tarsometatarsus

ALK.P (IU/)) 191 +3.8° 293.2+2.6°
Urea (mmol/l) 3.02+ 0.03" 4.1 +0.025"
T.prot (g/dl) 3.44+0.03 42 +0.02°

Album (g/dl) 1.86 + 0.02° 1.93 +0.015"
Globu. (g/dl) 1.58 +0.03° 227 +0.02°
A/G ratio 1.18+0.014" 0.85+0.02°

a,b means in the same row with different superscripts are significantly different (P<0.05)
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