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Abstract
To determine the effect of different dietary energy and protein levels on bodyweight and blood chemistry, 36 ostriches at 2 
to 9 weeks of age for feeding conditions and 18 for blood chemistry parameters was used. The birds were divided into six 
treatment groups. Energy and protein levels of diet were 2400 and 2600 kcal/kg and 20%, 22%, and 24%, respectively. The 
feed intake and bodyweight gain were determined a weekly. Blood chemical parameters including glucose, HDL, LDL, total 
cholesterol, triglycerides, total protein, albumin, globulin, aspartate amino-transferase and alanine amino-transferase activity 
were determined. The highest weight gain during the whole experiment was observed in ostriches offered 2400 kcal ·  kg−1 die-
tary energy and 20% protein. The lowest level of total cholesterol and protein was observed in treatment V (2600 kcal ·  kg−1 
dietary energy and 22% protein). The lowest level of glucose and triglycerides was noted after treatment I. The highest 
albumin and globulin concentrations were in treatment III (2400 kcal ·  kg−1 dietary energy and 24% protein) and treatment II 
(2400 kcal ·  kg−1 dietary energy and 22% protein), respectively. The energy level had no effect (P < 0.05) on feed intake and 
weight gain in all experimental period. The results of this study showed that with increasing energy and protein levels, most 
blood parameters increased in ostriches but total cholesterol did not.
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Introduction

There is increased interest in rearing ostriches commercially 
in many countries of the world because of good adaptation 
of these birds to the environmental conditions (Cloete et al. 
2012). Many valuable products are obtained from ostrich, 
e.g., meat, eggs, skin and feathers, which are important for 
different branches of production (Cooper 2004; Cloete et al. 
2012). Therefore, the demand for information about this 

bird, especially its maintenance, nutritional requirements 
and the potential for genetic improvement has increased 
(Horbańczuk et al. 2007; Kawka et al. 2007). Several studies 
have determined the genetic structure of the ostrich, genetic 
variation among the breeds and dependence between popula-
tions (Kawka et al. 2010, 2012a, b).

However, nutrition is very important in ostrich farming, 
because it accounts for about 75% of the total production 
costs (Jordaan et al. 2008). Most of the ostrich performance 
problems relating to fertility can be traced back to poor 
breeder diet (Cooper et al. 2005). The most important feed 
ingredients are protein and energy. While there are some 
excellent papers on ostrich nutrition (e.g., Cloete et al. 2012; 
Jouki et al. 2014a, b; Poławska et al. 2014), the our knowl-
edge is not enough as compared to other species of poultry.

In global literature, a few publications can be found that 
relate to feeding of ostriches based on feed of different origin 
and concentration of energy (Cooper and Horbańczuk 2004; 
Viljoen 2011; Brand et al. 2017; Karimi-Kivi et al. 2014, 
2015; Nikraesh-Masouleh et al. 2018; Tasirnafas et al. 2014, 
2015). However, research on the performance of commercial 
ostriches fed diets differing in protein and dietary energy is 

 * Alireza Seidavi 
 alirezaseidavi@iaurasht.ac.ir

 * Magdalena Solka 
 m.solka@igbzpan.pl

1 Department of Animal Science, Rasht Branch, Islamic Azad 
University, Guilan 413353516 Rasht, Iran

2 Department of Genomics and Biodiversity, Institute 
of Genetics and Animal Biotechnology of the Polish 
Academy of Sciences, 05-552 Jastrzębiec, Magdalenka, 
Poland

3 Department of Veterinary Medicine, Rasht Branch, Islamic 
Azad University, Guilan 413353516 Rasht, Iran

/ Published online: 28 April 2021

Veterinary Research Communications (2021) 45:129–139

http://orcid.org/0000-0003-1421-5400
http://crossmark.crossref.org/dialog/?doi=10.1007/s11259-021-09792-5&domain=pdf


1 3

still lacking. Therefore, the aim of the present study was to 
determine the effect of two different levels of metabolizable 
energy (2400 and 2600 kcal/kg) and three different levels 
of protein (20, 22 and 24%) on the bodyweight and blood 
parameters of ostriches.

Materials and methods

Animals

This research was conducted on an ostrich farm located in 
Guilan, Iran, when the birds were between 2 and 9 weeks 
of age. For the first month after hatching, the ostriches 
were bred for growth and adaptation. After this period, 
36 ostriches (Struthio camelus), both blue and black breed 
with equal weight, were selected. The selected ostriches 
were housed in 5 × 3 m land cages (two ostriches /cage). 
Temperature, humidity, lighting, health programs and other 
management factors were applied based on standard proto-
cols. The ostriches were vaccinated following the standard 
vaccination schedule. Briefly, the ostriches were vaccinated 
against Newcastle (14th and 28th days of age), influenza 
(14th and 28th days of age), and Enterotoxemia (35th day of 
age). The experimental protocol (No. 911130) was author-
ized by the Institutional Animal Care and Ethics Committee 
of Islamic Azad University, Rasht Branch, Rasht, Iran.

Treatments, experimental diets 
and measured traits

The 36 ostriches were allocated to six treatments. Treat-
ments from I to III were given a diet with 2400 kcal ·  kg−1 
of metabolizable energy and with 20%, 22%, and 24% of 
dietary protein. Treatments from IV to VI were given a diet 

of 2600 kcal ·  kg−1 metabolizable energy with 20%, 22% and 
24% of dietary protein. The ingredients and composition of 
the diets are shown in the Tables 1 and 2, respectively. Food 
and drinking water were offered ad libitum.

During the experimental period, the feed intake (calcu-
lated as the amount of feed prepared on the first day of the 
week minus unconsumed feed on the last day of the week) 
and bodyweight gain were measured on a weekly basis using 
a digital balance (MDS 15000AP, Mahak Co, Tehran, Iran). 
Feed conversion ratio was calculated by dividing the feed 
intake by bodyweight gain.

Blood samples collection 
and haematological analysis

At nine weeks of age, blood samples (1.5 ml) were collected 
from the jugular vein of one ostrich randomly selected from 
each replicate (three ostriches from each treatment). Blood 
plasma was isolated by centrifugation at 3000  rpm for 
20 min at 4 °C followed by storage at − 20 °C until analy-
sis. Glucose (mg ·  dl−1), blood urea nitrogen (mg ·  dl−1), 
creatinine (mg ·  dl−1), total cholesterol (mg ·  dl−1), triglyc-
erides (mg ·  dl−1), HDL high density lipoproteins (HDL) 
(mg ·   dl−1), low density lipoproteins (LDL) (mg ·   dl−1), 
very low density lipoprotein (VLDL) (mg ·  dl−), calcium 
(mg ·   dl−), phosphorus (mg ·   dl−), iron (IU ·   dl−1), total 
protein (g ·  dl−), albumin (g ·  dl−), globulin (g ·  dl−), aspar-
tate aminotransferase (AST; S.G.O.T.; EC 2.6.1.1; IU ·  l−1), 
alkaline phosphatase (ALP; EC 3.1.3.1; IU ·  l−1), and alanine 
aminotransferase (ALT; S.G.P.T.; EC 2.6.1.2; IU ·  l−1) were 
analyzed using standard commercial kits (Pars Azmoon Co., 
Tehran, Iran) in an auto analyzer (Hitachi 917, Roche, New 
York, USA).

Briefly, the levels of plasma cholesterol and triglyceride were 
determined using enzymatic methods (Teif Azmoon Pars, Co., 

Table 1  Selected feed 
ingredients of used diets during 
experiment

Ingredients
Treatments (metabolizable energy and protein)

I II III IV V VI

Maize 44.60 41.21 38.00 50.00 47.81 44.20
Soybean meal 29.30 35.00 39.55 29.15 30.00 36.64
Gluten meal - - 0.50 - 3.80 2.40
Wheat bran 17 13.00 5.00 12.14 4.00 10.00
Lucerne meal 2.65 5.00 12.00 3.00 9.00 5.00
NaCl 0.41 0.40 0.40 0.40 0.40 0.40
Mineral mixture 0.25 0.25 0.25 0.25 0.25 0.25
Vitamin mixture 0.25 0.25 0.25 0.25 0.25 0.25
Anti-fungus 0.01 0.01 0.01 0.01 0.01 0.01
DL-methionine 0.10 0.10 0.10 0.10 0.10 0.10
Price, Rial ·  kg−1 9088.78 9196.41 9317.67 8890.55 9507.04 9255.80
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Tehran, Iran), HDL and LDL cholesterol were measured directly 
with HDL-C and LDL-C diagnostic kits (Teif Azmoon Pars Co, 
Tehran, Iran). The concentration of VLDL-C was calculated by 
dividing plasma triglyceride by five. The LDL-C value was cal-
culated using the formula: LDL-C = Total cholesterol – HDL-C 
– VLDL-C. The colorimetric determination of cholesterol in 
blood plasma samples involved the use of cholesterol oxidase 
and reaction based on the formation of a red purple quinon-
eimine dye, produced by oxidative condensation of a phenolic 
compound with 4-aminoantipyrine in the presence of hydrogen 
peroxide. The absorbance of the quinoneimine dye was meas-
ured spectrophotometrically; it has a direct relationship with the 
amount of cholesterol in the sample (Grillo et al. 1981). Plasma 
triglycerides were measured using a series of coupled reactions 
in which triglycerides are hydrolyzed to produce glycerol. The 
latter is converted to pyruvate and then to lactate. Decreased 
absorbance, measured spectrophotmetrically, is proportional to 
the triglyceride concentration in the sample (Schmid and Von 
Forstner 1986). HDL cholesterol and LDL cholesterol were 
measured using direct homogeneous assays. Colorimetric assays 
were used to determine plasma glucose using a glucose oxidase 
procedure. Albumin was determined based on the bromocresol 
green method (Doumas et al. 1971). Uric acid was determined 

by an enzymatic method using the uricase-TOOS method 
(Kayamori et al. 1997). Total protein was assayed by the Biuret 
method of Gornall et al. (1949). Globulin concentration is cal-
culated by subtracting albumin concentration from total protein. 
Concentration of plasma alkaline phosphatase was determined 
enzymatically using commercial diagnostic kits (Teif Azmoon 
Pars, Tehran, Iran). In this procedure, alkaline phosphatase 
activity was determined colorimetrically by a modified method 
of Bessey et al. (1946). AST and ALT were determined using 
commercial diagnostic kits BIO-LA-TEST ALT, AST (Erba 
Lachema, Brno, Czech Republic). Enzymatic methods, using 
highly specific enzymes were developed for the determination 
of glucose, creatinine, calcium, phosphorus and iron. Finally, 
the ratios of HDL/LDL, LDL/HDL cholesterol and albumin/
globulin were calculated.

Statistical analysis

The obtained data were analyzed using a two-way analysis 
of variance (ANOVA) followed by Duncan’s post hoc test 
using a 2 × 3 factorial design with two dietary energy levels 
(2400 and 2600 kcal ·  kg−1 in the diet) and three dietary 

Table 2  Selected ingredients 
and calculated analysis of used 
ostrich diets

Treatments

I II III IV V VI

Ingredients
Dry Matter, %

83.94 86.61 84.60 85.11 85.56 88.20

Ether Extract, % 2.53 2.68 2.42 2.60 2.35 2.51
Crude fiber, % 5.44 5.14 5.80 5.46 6.59 5.68
Calcium, % 1.56 1.50 1.50 1.50 1.50 0.37
Total Phosphorus, % 1.27 0.99 1.10 0.89 0.83 0.64
Potassium, % 0.99 0.96 1.09 1.01 0.24 1.10
Sodium, mg ·  kg−1 0.19 0.18 0.19 0.19 0.19 0.18
Linoleic Acid, % 1.40 1.49 1.30 1.29 1.15 1.32
Folic acid, mg ·  kg−1 1.40 1.38 1.49 1.48 1.67 1.49
Manganese, mg ·  kg−1 419.48 411.22 415.12 403.92 406.93 403.59
Choline, g ·  kg−1 819.50 822.25 978.69 851.46 1107.49 1032.29
Lysine, % 1.02 1.01 1.16 1.06 1.29 1.22
Methionine, % 0.41 0.41 0.44 0.47 0.47 0.48
Cysteine, % 0.31 0.31 0.34 0.34 0.37 0.37
Methionine + Cysteine, % 0.72 0.72 0.77 0.81 0.84 0.85
Phenylalanine, % 0.95 0.96 1.06 1.10 1.18 1.18
Tyrosine, % 0.84 0.86 0.94 0.97 1.03 1.04
Phenylalanine + Tyrosine, % 1.79 1.83 1.99 2.08 2.21 2.22
Threonine, % 0.76 0.78 0.85 0.85 0.93 0.92
Tryptophan, % 0.33 0.32 0.37 0.36 0.43 0.39
Valine, % 0.99 1.00 1.08 1.09 1.18 1.18
Calculated analysis, %
ME, kcal ·  kg−1 2400 2400 2400 2600 2600 2600
CP, % 20 22 24 20 22 24
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protein levels (20%, 22%, and 24% in the diet). Data were 
analyzed by SAS (2003) statistical software and GLM pro-
cedure was used. The results were considered significantly 
different when P < 0.05.

Results

Table 3 shows feed intake of ostriches fed diets containing 
different levels of energy and protein from 2nd to 9th weeks 
of age. Mean feed intake of ostriches for all experimental 
periods was between 13.40 and 17.16 (kg per period). Based 
on these results, it was calculated that feed intake was influ-
enced by the energy and protein levels. This parameter was 
higher at a lower energy level. The best (P ≤ 0.05) value 
of feed intake ratio (13.4 kg per period) was observed in 
ostriches fed diet contained 24% CP than those fed 20% 
CP (13.68 kg per period) or those fed 22% CP (14.68 kg 
per period) as shown in Table 3. Lower feed intake was 
achieved at the highest level of protein. However, increas-
ing dietary protein resulted in decreased feed conversion 
(Table 4). The highest level of feed conversion was observed 
in birds fed treatment IV (2600 kcal ·  kg−1 dietary energy 
and 20% of protein). In general, the feed conversion ratio 
was higher with higher levels of energy (IV-VI treatments). 
Mean bodyweight gain level for the whole experimental 
period (2nd –9th week) ranged from 7.72 to 10.59 (kg per 
period) (Table 5). The lowest level of bodyweight gain was 
observed in treatment VI (2600 kcal ·  kg−1 dietary energy 
and 24% protein), while the highest level was in treatment I 
(2400 kcal ·  kg−1 dietary energy and 20% protein). Body-
weight gains were higher at a lower energy level (I-III treat-
ments), but protein level had little impact on bodyweight 
gain. In general, an increase in protein level showed a 
depressive effect on both feed intake and bodyweight gain. 
The lowest levels of these two parameters were observed 
with diet containing 24% protein.

The results of the blood chemistry parameters are pre-
sented in Table 6. The lowest levels of glucose and triglyc-
erides were in treatment I (2400 kcal ·  kg−1 dietary energy 
and 20% protein). Total cholesterol was between 115.67 
and 218.67 mg ·   dl−1. The lowest levels of total choles-
terol, LDL cholesterol and HDL cholesterol were observed 
in treatment V (2600 kcal ·  kg−1 dietary energy and 22% 
of protein). HDL/LDL cholesterol ratio was the lowest at 
2600 kcal ·  kg−1 dietary energy level (IV–VI treatments). 
The alkaline phosphatase level was 1116.70 IU ·  l−1 in treat-
ment II (2400 kcal ·  kg−1 dietary energy and 22% of protein) 
and 1957.30 IU ·  l−1 in treatment VI (2600 kcal ·  kg−1 dietary 
energy and 24% protein). Blood urea nitrogen and creatinine 
were similar in all six treatments. The total protein level 
ranged from 2.20 g ·  dl−1 in treatment V (2600 kcal ·  kg−1 
dietary energy and 22% protein) to 2.66  g  ·   dl−1 in 

treatment  III (2400 kcal  ·   kg−1 dietary energy and 24% 
protein) (Table 6). The highest level of albumin was found 
in treatment III (1.60 g ·  dl−1), whereas the highest level 
of globulin was observed in treatment II (2400 kcal ·  kg−1 
dietary energy and 22% protein) – 1.16 g ·  dl−1.

In general, most of the studied blood chemistry param-
eters were lower at low energy level (I-III treatments). Total 
cholesterol, HDL, LDL, protein, albumin and globulin were 
higher at lower energy level. The energy and protein levels 
had no significant effect (P < 0.05) on blood urea nitrogen 
and creatinine. There were no significant differences in lev-
els of minerals, e.g., calcium, phosphorus and iron.

Discussion

A well-balanced diet allows good absorption of minerals and 
vitamins, which leads to the best development parameters of 
an ostrich, especially its growth and reproduction (Cooper 
and Horbańczuk 2004). The most sensitive to feeding are 
small birds, up to three months of age. Hence, proper nutri-
tion of ostriches is very important (Cooper 2000). Published 
articles on ostrich nutrition are increasingly used by breed-
ers of these birds. In the present study we monitored the 
dynamics of feed and body parameters. We also defined 
how different levels of protein and energy affect feed intake, 
bodyweight and blood parameters in ostriches from the 2nd 
to 9th weeks of age.

The statistical analysis of the overall study showed a sig-
nificant effect of diet on feed intake, feed conversion ratio 
and bodyweight gain (p < 0.05). Brand et al. (2010) showed 
that the different energy level in the feed had no effect on 
feed intake and reproductive parameters in the ostrich. In 
turn, Dairo et al. (2010) reported that low energy and protein 
level in the diet of broiler chickens, decreases feed intake. 
Nevertheless, the final live weight of broiler chickens was 
similar to that of birds fed a normal diet. These studies show 
that birds can be fed a diet of low energy and protein content 
without compromising their final weight. In another study, 
Brand et al. (2014) obtained the best results with medium 
energy level. Mahrose et al. (2015) indicated that different 
levels of protein in the diet had little effect on feed intake, 
body weight and weight gain in young ostriches. These 
authors found that birds at the age of 2–9 weeks did well 
with feed of a lower protein level (around 18%), which was 
later confirmed by Mahrose et al. (2019).

According to the results of the present study, it can be 
deduced that the mean bodyweight gain was higher in the 
case of lower energy level (I-III treatment) as has been 
reported by Tasirnafas et al. (2015). These authors also stud-
ied feed intake and feed conversion. The mean feed intake 
in all eight treatments was between 27.71 and 38.15 kg per 
ostrich. The energy levels of dietary treatments had no sig-
nificant effect (P < 0.05) on feed intake.
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The highest level of feed conversion ratio was found in 
ostriches fed a diet containing higher level of energy (treat-
ment VIII – 2700  kcal/kg dietary energy). Meanwhile, 
statistical differences between studied treatments for this 
trait were not significant (P < 0.05). Glatz et al. (2008) 
reported that ostriches fed diet of low energy and low protein 
(10.0 MJ per kg and 126 g per kg) had better growth perfor-
mance compared with those fed high energy and high protein 
(12.5 MJ per kg and 143 g per kg) diet. In our study, body-
weight gain was higher at a low energy level. Protein level 
had little impact on bodyweight gain. In fact, an increase in 
protein levels showed a depressive effect on feed intake and 
bodyweight gain.

Blood parameters are influenced by many factors includ-
ing age, condition, sex, nutrition and illness. The results of 
blood test can testify to the condition of a given individual 
and on their basis can recognize many diseases.

One of the studied blood parameters was glucose. It’s 
content in the blood of healthy birds is about 200–500 mg 
per dl, which is higher than in mammals. This difference is 
due to glucose homeostasis in mammals, where the main 
role is played by insulin. In birds however glucagon plays 
this role. Glucose concentration in our study was around 
200 mg per dl. In previous studies, the highest level of 
glucose belonged to diet containing higher level of energy 
(Tasirnafas et al. 2014). Our results also reinforced this 
observation.

The concentration of blood urea in the blood of fasting 
birds ranges from 0 to 10 mg per dl. The urea values in 
our study were within the normal limit for birds in general 
but closer to the lower limit (1.0 mg per dl). Durgan et al. 
(2005), on the other hand, obtained a value of more than 
4 mg per dl.

It is well known that the serum cholesterol level of birds 
increases in relation to higher fat content and lower protein 
content in the diet. Our studies have confirmed this depend-
ence. Tasirnafas et al. (2015) also reported similar results; total 
cholesterol concentration was higher for ostriches fed lower 
energy diet. Cholesterol concentrations in our study were 
higher than reported in previous studies (Durgun et al. 2005; 
Samour et al. 2011; Khodaei Motlagh and Masoumi 2016).

Our results indicate that triglycerides can also be influ-
enced by diet. The values of this parameter ranged from 
89.67 mg per dl to 161.00 mg per dl and were similar to pre-
viously studies of Durgun et al. (2005) and Khodaei Motlagh 
and Masoumi (2016).

Serum  creatinine  levels  were  similar  to  previously 
reported values in ostrich (Durgun et al. 2005). Plasma ALT 
activity is a specific nor a sensitive test of hepatocellular 
disease in bird and has no advantages as compared with 
AST as a test for hepatocellular disease (Thrall et al. 2004). 
Plasma alkaline phosphatase (ALP) in this study was much 
higher than values published by Hassim et al. (2006). It 

should be remembered that plasma ALP activity in birds 
primarily results from osteo blastic activity. ALP activity 
in birds is the result of osteoblastic activity; hence it is not 
useful for the detection of hepatobiliary disease (Thrall 
et al. 2004). Aspartate aminotransferase (AST) activity 
was at much higher level than previously reported Hassim 
et al. (2006) ad Khodaei Motlagh and Masoumi (2016). 
However, Durgun et al. (2005) and Samour et al. (2011) 
reported similar values of AST enzyme activity to ours. 
Alanine aminotransferase (ALT) activity has a wide range 
in several species of birds (Thrall et al. 2004). The results 
from this study were less than those reported by Khodaei 
Motlagh and Masoumi (2016) but more than reported by 
Durgun et al. (2005) and Hassim et al. (2006).

The level of total proteins in birds is less than in mam-
mals (3 to 5 g per dl for most birds; Coleman et al. 1988). 
Ostrich total protein has been reported previously as within 
these normal values (Khodaei Motlagh and Masoumi 2016) 
and the current study results are not consistent with those 
previously reported. They were below normal and ranged 
from 2.20 g per dl to 2.66 g per dl.

All differences observed in presented studies may have 
been due to other causes including management, environ-
mental temperature at the time of sampling, sample stor-
age temperature, and the time-lapse between collection and 
processing.

Conclusions

In conclusion, our results provide quantitative information 
on the impact of dietary energy and protein on feed intake, 
feed conversion, bodyweight gain and selected blood chem-
istry parameters in ostriches. An increase in the level of 
protein showed depressive effect on feed intake and body-
weight gain. It was concluded that selected blood chemistry 
parameter values were influenced by the energy and pro-
tein level. The data obtained in the study could be useful 
to establish some baseline values for blood parameters in 
ostriches, which could be used as a reference for detecting 
metabolic and nutritional disorders. These types of studies 
are needed to confirm that performance of ostrich can be 
enhanced without too much cost.

Acknowledgements This study was funded by Rasht Branch, Islamic 
Azad University (Grant number 17.16.3.16303) and the authors thank 
for the possibility of carrying out this type of research.

Authors’ contributions All authors have made considerable contribu-
tions to this work: Tahereh Nikravesh-Masouleh: Data curtion, Meth-
odology, Writing-Original draft preparation; Mohammad Dadashbeiki: 
Provision of study materials, Software, Validation; Alireza Seidavi: 
Conceptualization, Acquisition of the financial support for the pro-
ject, Supervision, Magdalena Solka: Validation, Writing-Reviewing 
and Editing.

137Veterinary Research Communications (2021) 45:129–139



1 3

Funding This work was supported by the Rasht Branch, Islamic Azad 
University under Grant NO. 17.16.3.16303.

Declarations 

Ethics approval Institutional animal ethics guidelines were followed 
for the experiment. Study animals were subjected to minimum stress. 
The experimental protocol was authorized by the Institutional Animal 
Care and Ethics Committee of Islamic Azad University, Rasht Branch, 
Rasht, Iran (No. 911130).

Consent to participate All authors contributed to the study conception 
and design. All authors read and approved the final manuscript.

Consent for publication All authors gave their consent for research 
publication.

Conflicts of interest The authors declare that they have no conflict of 
interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Bessey OA, Lowry OH, Brock MJ (1946) A method for the rapid 
determination of alkaline phosphatase with five cubic millim-
eters of serum. Prevalence and characterisation J Biol Chem 
164:321–329

Brand TS, Carstens PD, Hoffman LC (2017) The effect of dietary 
energy concentrations on production variables of ostrich chicks 
(Struthio camelus var. domesticus). Brit Poultry Sci 2017 55: 
610–8

Brand TS, Olivier TR, Gous RM (2010) The response in food intake 
and reproductive parameters of breeding ostriches to increasing 
dietary energy. S Afr J Anim Sci 40:434–437

Cloete SWP, Brand TS, Hoffman LC, Brand Z, Engelbrecht A, 
Bonato M, Glatz PC, Malecki IA (2012) The development of rat-
ite production through continued research. World Poultry Sci J 
68:323–334

Coleman JS, Fraser JD, Scanlon PF (1988) Hematocrit and protein 
concentration of Black Vulture and Turkey Vulture blood. Condor 
90:937

Cooper RG (2000) Critical factors in ostrich (Struthio camelus aus-
tralis) production: a focus on southern Africa. World Poultry Sci 
J 56:248–265

Cooper RG (2004) Ostrich (Struthio camelus) chick and grower nutri-
tion. Anim Sci J 75:487–490

Cooper RG, Erlwanger GK, Mahroze KM (2005) Nutrition of ostrich 
(Struthio camelus var. domesticus) breeder birds. Anim Sci J 
76:5–10

Cooper RG, Horbańczuk JO (2004) Ostrich nutrition: a review from a 
Zimbabwean perspective. Rev Sci Tech 23:1033–1042

Dairo FAS, Adesehinwa AOK, Oluwasola TA, Oluyemi JA (2010) 
High and low dietary energy and protein levels for broiler chick-
ens. Afr J Agric Res 5:2030–2038

Doumas BT, Watson WA, Biggs HG (1971) Albumin standards and 
the measurement of serum albumin with bromcresol green. Clin 
Chim Acta 31:87–96

Durgun Z, Keskin E, Çöl R, Atalay B (2005) Selected haematologi-
cal and biochemical values in ostrich chicks and growers. Arch 
Geflügelkund 69:62–66

Glatz PC, Miao ZH, Rodda BK, Wyatt SC (2008) Effect of diets with 
different energy and protein levels on performance of grower 
ostriches. Aust. J. Exp 48: 1338–40

Gornall AG, Bardawill CJ, David MM (1949) Determination of serum 
proteins by means of the biuret reaction. J Biol Chem 177: 751–66

Grillo F, Izzo C, Mazzotti G, Murador E (1981) Improved method for 
determination of high-density-lipoprotein cholesterol II. Enzymic 
determination of cholesterol in high-density lipoprotein fractions 
with a sensitive reagent. Clin Chem 27:375–379

Hassim HA, Yusoff R, Abdullah R, Amat AC (2006) A preliminary 
study on hematology and serum biochemistry values of captive 
ostrich (Struthio camelus) in Malaysia. Proceedings of AZWMP, 
Chulalongkorn Uni. Fac. of Vet. Sc., Bangkok, Thailand

Horbańczuk JO, Kawka M, Sacharczuk M, Cooper RG, Boruszewska 
K, Parada R, Jaszczak K (2007) A search for sequence similarity 
between chicken (Gallus domesticus) and ostrich (Struthio came-
lus) microsatellite markers. Anim Sci Pap Rep 25:283–288

Jordaan JW, Brand TS, Bhiya C, Aucamp BB (2008) An evaluation 
of slaughter age on the profitability of intensive slaughter ostrich 
production. Aust J Exp Agr 48:916–920

Jouki M, Yazdi FT (2014a) The effect of gamma irradiation and vac-
uum packaging upon selected quality traits of refrigerated ostrich 
meat. Part 1. Microbial assessment Anim Sci Pap Rep 32:81–89

Jouki M, Yazdi FT (2014b) The effect of gamma irradiation and vac-
uum packaging upon selected quality traits of refrigerated ostrich 
meat. Part 2. Colour, texture and lipid oxidation properties. Anim 
Sci Pap Rep 32:161–171

Karimi-Kivi R, Dadashbeiki M, Seidavi A (2014) Effects of four probi-
otics on the gastrointestinal microflora in ostrich chickens. J Pure 
Appl Microbiology 8:429–434

Karimi-Kivi R, Dadashbeiki M, Seidavi A (2015) Growth, body char-
acteristics and blood parameters of ostrich chickens receiving 
commercial probiotics. Span J Agric Res 13:1–11

Kawka M, Horbańczuk JO, Sacharczuk M, Zięba G, Łukaszewicz 
M, Jaszczak K, Parada R (2007) Genetic Characteristics of 
the Ostrich Population Using Molecular Methods. Poultry Sci 
86:277–281

Kawka M, Horbańczuk JO, Sacharczuk M, Zięba G, Łukaszewicz M, 
Jaszczak K, Parada R (2010) Identification of genetic markers 
associated with laying production in ostriches (Struthio camelus) 
– a preliminary study. Anim Sci Pape Rep 28:95–100

Kawka M, Parada R, Jaszczak K, Horbańczuk JO (2012a) The use of 
microsatellite polymorphism in genetic mapping of the ostrich 
(Struthio camelus). Mol Biol Rep 39:3369–3374

Kawka M, Horbańczuk JO, Jaszczak K, Pierzchała M, Cooper RG 
(2012b) A search for genetic markers associated with egg produc-
tion in the ostrich (Struthio camelus). Mol Biol Rep 39:7881–7885

Kayamori Y, Katayama Y, Matsuyama T, Urata T (1997) Enzymatic 
method for assaying uric acid in serum with a new tetrazolium salt 
produces water-soluble formazan dye. Clin Biochem 30:595–599

Khodaei-Motlagh M, Masoumi R (2016) Age-related Changes in some 
Blood Parameters of Ostrich (Short Communication). Poult Sci 
J 4:167–171

Mahrose KhM, Abd El-Hack ME, Amer SA (2019) Influences of die-
tary crude protein and stocking density on growth performance 
and body measurements of ostrich chicks. An Acad Bras Cienc 
91(1):e20180479. https:// doi. org/ 10. 1590/ 0001- 37652 01920 180479

138 Veterinary Research Communications (2021) 45:129–139

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1590/0001-3765201920180479


1 3

Mahrose KhM, Attia AI, Ismail IE, Abou-Kassem DE, Abd El-Hack 
ME (2015) Growth performance and certain body measurements 
of ostrich chicks as affected by dietary protein levels during 2–9 
weeks of age. Open Vet J 5:98–102

Nikravesh-Masouleh T, Seidavi A, Kawka M, Dadashbeiki M (2018) 
The effect of dietary energy and protein levels on body weight, 
size, and microflora of ostrich chicks. Trop Anim Health Prod 
50:635–641

Poławska E, Półtorak A, Wyrwisz J, Wierzbicka A, Gutkowska K, 
Pomianowski J, Zdanowska-Sąsiadek Ż, Wójcik A, Kawka M, 
Raes K, Smet De (2014) The physical traits and fatty acids profile 
of ostrich meat enriched in n3 fatty acids as influenced by dura-
tion of refrigerated storage and type of packaging. Anim Sci Pap 
Rep 32:351–358

Samour J, Naldo J, Libanan N, Rahman H, Sakkir M (2011) Age-
related hematology and plasma chemistry changes in captive 
Masai ostriches (Struthio camelus massaicus). Comp Clin Pathol 
20:659–667

SAS Institute (2003) SAS/STAT ® User’s Guide, Version 9.1 ed. SAS 
Institute Inc., Cary, NC

Schmid M, Von Forstner D (1986) Laboratory Testing in Veterinary 
Medicine Diagnosis and Clinical Monitoring. Boehringer Man-
nheim GmbH, Mannheim, Germany, p 253

Tasirnafas ME, Seidavi AR, Rasouli B (2014) Effects of different lev-
els of dietary vegetable wastages and energy on ostrich chickens 
glucose and uric acid. Int J Biol Pharm Allied Sci 3:1926–1933

Tasirnafas M, Seidavi AR, Rasouli B, Kawka M (2015) Effect of veg-
etable wastage and energy in ostrich chick diet on performance 
and hematology. Trop Anim Health Pro 47:1017–1026

Thrall MA, Baker DC, Campbell TW et al (2004) Veterinary hema-
tolgy and clinical chemistry. Williams and Wilkins, Philadelphia, 
USA, p 486

Viljoen M (2011) The effect of dietary energy and protein interaction 
on the physiological plasticity of the small intestine of the young 
ostrich. [Doctor Degree Thesis Dissertation]. University of Pre-
toria, South Africa

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

139Veterinary Research Communications (2021) 45:129–139


	Using different levels of energy and protein and their effects on bodyweight and blood chemistry of ostriches
	Abstract
	Introduction
	Materials and methods
	Animals

	Treatments, experimental diets and measured traits
	Blood samples collection and haematological analysis
	Statistical analysis
	Results
	Discussion
	Conclusions
	Acknowledgements 
	References


