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ABSTRACT

Egg weight and egg component, chemical composition, fatty acids and
cholesterol, amino acids and minerals content in conventional eggs (ostrich, duck, hen
and quail) were studied. Results indicated that, the ostrich egg had highest egg weight
(9), and so had highest percent of weight and shell, while duck eggs showed highest
percent of yolk. For chemical composition, Ostrich egg have had more highest
moisture, carbohydrates and cholesterol contents, while highest values of protein, lipid
and total ash were obtained by duck egg (at wet weight basis). Oleic, palmitic, linoleic,
stearic and palmitoleic acids were the major fatty acids in egg yolk of all studied eggs.
The hen egg had highest oleic and stearic acid, while duck egg had highest palmitic
acid. The highest linoleic acid was obtained by quail egg and the highest palmitoleic
acid was found by ostrich egg. Concerning amino acids content, glutamic acid had the
highest one in the protein composition followed by aspartic acid and leucine in all
studied eggs. The highest values of aspartic and leucine were obtained by hen eggs,
while the highest values of glutamic acid were obtained by ostrich egg. Concerning
minerals content, the ostrich egg had the highest values of iron content. The duck egg
had highest values of sodium, potassium and zinc content, while the highest values of
magnesium and phosphorus were obtained by hen eggs. Finally the highest calcium
content was obtained by quail eggs.

Keywords: ostrich, duck, hen, quail, chemical composition, fatty acids, amino acids,
cholesterol, minerals.

INTRODUCTION

Eggs have a special place, being a rich source of high-quality protein
that experimental nutritionists often use them as a standard for measuring the
nutritional quality of other food proteins(FAO/WHO, 1973). Eggs are, also, an
important source of fatty acids as well as of some minerals and vitamins (Mc
Namara and Thesmar, 2005). Eggs provide a unique well-balanced source of
nutrients for persons of all ages. They contribute significantly to the body's
nutrient needs during rapid growth and there fore an excellent food fore
young children and teens. Their high nutrient content, low caloric value and
ease of digestibility make eggs valuable in many therapeutic diets for adults.
Eggs are also one of the least expensive single food sources of complete
protein (Kaewmanee, et al., 2009). A variety of eggs from different species of
birds are commercially available in different parts of the world from the
smallest quail egg to the very large ostrich egg. There are many species of
birds adapted to a wide range of lifestyle and habitats throughout the world,
consuming a very diverse range of diets (Speake, et al., 1999). Duck, hen
and smaller eggs such as quail eggs as well as the largest bird eggs from
ostrich are occasionally used as a gourment ingredient.
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The eggs origins from other species, if consumed tend to be a
specialist product sold in exclusive restaurants or stores. While there is a very
wide knowledge concerning the composition of eggs obtained from studies on
the hen eggs, as such eggs are easily available, but data for other bird eggs
are rare. The aim of this research was to comparatively examine for the egg
weight and egg components, chemical composition, cholesterol and fatty
acids composition, amino acids composition and some minerals content of
ostrich, duck, hen and quail eggs. The research data may lead to a better
comparison of the relative differences of the components of the various eggs.

MATERIALS AND METHODS

Materials:

Eggs with non-cracked clean shells were selected on the day of lay
from each Ostrich (Struthio camelus L.,), Duck (Anas platyrhucus), Hen
(Lohman selected leghorn [LSL]) and quail (Coturinx coturinx japonica) were
collected from poultry breeding farm, faculty of Agriculture, Al-Azhar
University, Cairo.

Methods:
Egg weight and egg components:-

Individual weight of eggs was recorded to nearest hundred gram.
Yolk weight and shell weight with adhering membranes of each egg were
also weighted. Albumen weight was calculated by subtracting yolk and shell
weight from whole egg weight. Yolk, albumen and shell percentages were
calculated.

Chemical analysis:-

Moisture content, crude protein (N.6.25), crude fat and ash content
(550 °C) were determined according to the methods of AOAC (2000).
Carbohydrates content was calculated by difference.

Determination of cholesterol:-

The rapid technique for extraction of egg cholesterol modified by
Washburn and Nix (1974) was followed using chloroform: methanol solvent
(2:1). Total cholesterol content was determined according to the method
described by Conrchaine et al.,, (1959) by measuring the absorbance of
developed purple color at 560 nm against a blank reagent using spekoll 11
spectrophotometers (carl zeiss JE NA).The results were calculated as mg/gm
yolk.

Determination of fatty acids:-
Preparation of fatty acids methyl esters:-

Fatty acids methyl esters were done according to Stahl (1967). The
methyl esters of fatty acids were prepared using benzene: methanol:
concentration sulfuric acid (10: 86: 4 by volume) and metheylation was
carried out for one hour at 80-90 °C.
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Identification of the fatty acid methyl esters by gas liquid
chromatograph (GLC):-

A Hewlett Packard GLC (model 5890) equipped with a flame
ionization detector and coiled glass column (1.8m x 2 mm ID) packed 10%
Diethylene glycol succinate (DEGS) and supported on chromosorb W- HB
100- 120mesh was used. The samples (1pL) were injected into the column
using a hamilton micro syringe. The gas chromatographic conditions followed
for temperature programming analysis were:-

Temperature of column 80- 170 °C, rate heating 5 °C / min, detector
300 °C and injector 250 °C: flow rates: Hydrogen 33 ml/ min, Nitrogen 30 ml/
min and Air 330 ml/ min. peak areas were measured using a Hewlett Packard
Integrator model 3392A.

Amino acids determination:-

Amino acids were determination in dried, fat free samples by ion-
exchange chromatography of the acid hydrolyzed protein. Samples were
hydrolyzed with 6 N HCI in a sealed tube for 32 hr in oil bath at 110 °C. A
Beckman amino acid analyzer (Model 6300) was used for separating amino
acids using sodium citrate buffer as described by sales and Hayes (1996).
Determination of minerals:-

A dry ashaing procedure was used to prepare the samples for mineral
analysis. Sodium, potassium, calcium, magnesium, iron and zenc were
determined according to AOAC (2000) by using Unicam 929 Atomic
Absorption Spectrometers. Phosphorus was determined by photometric
method as described in AOAC (2000) wusing unicam sp 1800
spectrophotometer at wave length 400nm against molybdovandata reagent.

RESULTS AND DISCUSSION

Egg weight and egg components :-

Table (1) shows the average values of egg weight and egg
components of fresh eggs of ostrich, duck, hen and quail. It can be easily
observed that ostrich's egg posses remarkably highest value of weight. In
contrast quail's egg had lowest value of weight. The values of eggs weight
were 1350, 72, 60 and 11.75 g for ostrich, duck, hen and quail respectively.

Regarding egg components, the values (g) for white, yolk and shell
for the same strains are 810, 280, 260; 37, 25, 10; 36, 18, 6 and 6.8, 3.7,
1.25 respectively. Both kinds of ostrich and hen egg's exerted obvious higher
white percentage (60 %) than quail (57.90 %) and duck (51.40 %). On the
other hand ostrich eggs contained less yolk percent and the highest value
was obtained for duck eggs. The values of yolk percent were 20.7, 34.7, 30
and 31.5 % for ostrich, duck, hen and quail respectively. The highest value
for shell percent was obtained by ostrich (19.3 %) followed by duck (13.9 %)
while, lower values for shell percent were 10 and 10.6 % were observed to
hen and quail eggs respectively. This finding was coincided with Sharaf
(1996) and Sugino et al. (1996). Brand et al. (2003) found that the highest
ostrich egg weight (1446 g). Generally, the proportion of egg components are
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dependent on the strain, breeding, egg size, age and season (Sugino et al.,
1996).

Table (1): Egg weight (g) and egg components (%) of various raw eggs.

Egg _ Egg component
parameter weight (g) White Yolk Shell
weight (@)] % |weight (@)] % |weight (@) %
Egg type
Ostrich 1350 810 60.00 280 20.70 260 19.30
Duck 72 37 51.40 25.00 34.70 10.00 13.90
Hen 60 36 60.00 18.00 30.00 6.00 10.00
Quail 11.75 6.8 57.90 3.70 31.50 1.25 10.60

Proximate chemical Composition

Proximate chemical analysis of the studied eggs is represented in
Table (2). Results are expressed on wet and dry weight basis. From the
tabulated data, moisture is found the major component of all examined
samples as it reached to 79.12, 70.81, 78.22 and 71.50 % for whole ostrich,
duck, hen and quail eggs respectively. The variations in the moisture content
in the samples were less than 10 %. Ostrich and hen whole eggs had higher
moisture content than quail and duck. The variability in moisture content of
egg is dependent on the breed, environmental condition, size of the egg and
rate of production (Stadelman and Coterill, 1977).

Besides, protein and crude fat constitute the major nutritious
components of the solid matter of all studied eggs. The highest values of
protein content were obtained by duck eggs on wet weight basis and hen
eggs on dry weight basis, while the lowest values were given by ostrich eggs.
Moreover, the duck and quail whole eggs had higher crude fat content than
other studied whole eggs.

Ash content was noticeable in the ostrich eggs compared to the other
species at wet weight basis, while when compared at dry weight basis the
hen eggs had the highest ash content among the studied species.

In contrast, the ostrich whole eggs had the highest carbohydrate
level, while the lowest value was obtained by duck whole eggs.

Table (2): Chemical composition of various raw whole eggs (%).
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Eggs wB | DB |WB | DB |WB | DB |WB| DB
Ostrich 79.12 | 20.88 | 9.53 [45.64 | 7.78 | 37.26 | 0.77 | 3.68 | 2.80 | 13.42 | 17.55
Duck 70.81 | 29.19 [ 13.80 [47.27 [ 12.75|43.68 | 1.10 | 3.77 | 1.54 | 5.28 | 13.84
Hen 78.22 | 21.78 | 10.56 [ 48.48 | 8.35 | 38.34| 0.90 | 4.13 | 1.97 | 9.05 | 12.75
Quail 71.50 | 28.50 | 13.30 | 46.67 | 12.43|43.61 | 1.05 | 3.68 | 1.72 | 6.03 | 13.50
W.B, wet weight basis. D.B, dry weight basis.

Carbohydrate calculated by subtraction.
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These results are found in general accordance with Sharaf (1996) for
hen and quail eggs, Kaewmanee et al., (2009) for duck egg. However our
findings did not agree with that obtained by Sinanoglou et al. (2011) for
ostrich egg since they found that ostrich had higher lipids content than duck
and quail egg. The differences in the proximate compositions of eggs under
study could be attributed to many factors including bird species, bird growth
stage and feed habits (Stadelman and Coterill, 1977).

The determination of cholesterol of egg yolk of the tested eggs was
conducted and the results were expressed as mg / g yolk in Table (2) also.
From the data, it can be easily seen that ostrich egg yolk had higher values of
cholesterol (17.55) than other species. Generally, these results are in
accordance with Sinanoglou et al. (2011). Much higher compared to the value
reported for ostrich (13 mg / g) (Horbanczuk, et al., 2003). It can be observed
from the table, that quail's egg yolk contained higher cholesterol than hen's
egg yolk and similar trend was observed by Sharaf, (1996). Quail eggs
contained lower cholesterol than those reported by Maurice et al. (1994) and
higher than reported by Bitman and Wood (1980). Duck eggs have aslightly
higher cholesterol than hen eggs. Similar data were obtained by Jalaludeen
and Churchil (2006). However, egg yolk cholesterol levels of domestic fowls
are influenced by species, breed, strain, age, accuracy of the used analytical
methods and variation in assays condition (Stadelman and Coterill, 1977).
Fatty acids profile:-

The crude fat content of egg white is negligible, so fatty acids
composition of egg yolk of tested eggs were studied employing gas liquid
chromatography (GLC) technique. Data of distribution of the various identified
fatty acids are expressed as percentage of each fatty acid of total acids
(Table 3).

Table (3): Fatty acids profiles (%) in crude fat of various raw egg yolks.

; Egg type

Fatty acid ostrich Duck Hen Quail
C:8:0 - - 0.41 0.08
C:10:0 0.06 0.25 0.22 0.12
C:14:0 0.65 0.86 0.12 0.58
C:15:0 0.12 0.10 0.47 0.09
C:16:0 32.75 33.67 28.18 31.61
C:16:1 8.40 3.95 4.94 4.51
C:17:0 0.22 0.18 0.20 0.23
c:17:1 0.12 0.09 0.21 0.08
C:18:0 6.53 3.82 10.51 7.38
c:18:1 40.47 44.96 45.15 43.45
C:18:2 7.90 8.32 7.47 8.87
C:18:3 0.70 0.77 0.56 0.40
C:20:0 0.05 0.25 0.19 0.08
C:20:1 0.32 0.28 0.22 0.12
C:20:2 1.71 2.50 1.15 2.40
Total fatty acids 100.00 100.00 100.00 100.00
Saturated Fatty acids 40.38 39.13 40.30 40.17
Unsaturated fatty acids 59.62 60.87 59.70 59.83
Mono unsaturated fatty acids 49.31 49.28 50.52 48.16
Poly unsaturated fatty acids 10.31 11.59 9.18 11.67
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Data presented in Table (3) showed that C8 : 0, C10 : 0, C14 : 0O,
C15:0,C17:0,C17:1,C18: 3, C20 : 0, C20 : 1 occurred only as minor
components in Ostrich, Duck, Hen and Quail egg's yolk as each of the fatty
acids represents less than 1 % of total fatty acids determined.

Regarding saturated fatty acids, palmitic (C16: 0) is considered the
predominant acid followed by stearic acid (C18: 0) for all studied egg yolk.
The duck egg yolk had the highest palmitic acid (33.67 %) and the lowest
values were obtained by hen's egg yolk (28.18 %). Great variation was
observed for second dominant saturated fatty acid (stearic acid) between
different species of egg yolk. The values of stearic acid (C18 : 0) were 6.53,
3.82, 10.51 and 7.38 % for ostrich, duck, hen and quail egg yolk respectively.

Concerning unsaturated fatty acids, the oleic (C18: 1) represents
the predominant unsaturated fatty acid for all tested egg yolks with
percentages of 40.47, 44.96, 45.15 and 43.45 of total fatty acids content of
Ostrich, Duck, Hen and Quail eggs respectively. The second dominant
unsaturated fatty acid for duck, hen and quail eggs was linoleic acid (C18: 2)
while for ostrich egg yolk was palmitoleic (C16: 1). Absolutely, oleic showed
the highest fatty acid percentage among determined fatty acids for all tested
egg types.

The same data revealed that unsaturated fatty acids content was
higher than the saturated fatty acids content. This finding was exhibited by all
studies on egg yolk, since saturated fatty acids represent 40.38, 39.13, 40.30
and 40.17 % of total fatty acids content, while unsaturated fatty acids content
represent 59.62, 60.87, 59.70 and 59.83 % from total fatty acids content of
ostrich, duck, hen and quail egg yolks respectively.

In general, the unsaturated fatty acid content of all examined egg
yolks was higher than saturated fatty acid content, while monounsaturated
fatty acid was higher than polyunsaturated fatty acids.

These results were generally in accordance with Sinanoglou et al.
(2011) for ostrich, duck and quail eggs. Concerning fatty acids composition of
hen and quail yolks the results were generally in agreement with the
observation of Lall and Slinger (1973); Powrie (1973); Bitman and Wood
(1980) and Sharaf (1996) for hen and quail egg yolks and Liu et al. (2011) for
ostrich eggs. But, some variations for fatty acid percentages were observed
by Kaewmanee et al. (2009) for duck egg, since they observed higher oleic
acid content and lower palmitic acid content than the obtained results of this
work.

However, the fatty acids composition of egg yolk fat is influenced by
the breed, strain (Couch and Salama, 1973) and by types of fatty acid in the
feed (Powrie and Nakai, 1985).

Amino acids content :-

The amino acids determination was carried out in the eggs under
investigation because of their importance from nutritional point of view,
especially essential amino acids. Whole eggs were used in this study, since
protein is found in yolk and in the white. The obtained results are expressed
as g/100g protein and are shown in Table (4).

Sixteen amino acids were detected at various quantities in all
samples analyzed (ostrich, duck, hen and quail whole egg). The presence of
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the sixteen amino acids in studied eggs were proved by Stadelman and
Coterill (1977), Razem et al. (1989) and Panda and Singh (1990).

The data revealed that glutamic acid had the highest value in all
tested eggs, since it represents about 14.48, 12.81, 14.39 and 12.78 g/100g
protein for ostrich, duck, hen and quail whole eggs respectively. The next
amino acid in all investigated eggs was aspartic acid as its values reached to
8.20, 8.47, 10.32 and 9.02 g/100 g protein for ostrich, duck, hen and quail
eggs respectively. Leucine occupied the third highest position of all studied
proteins as its values were 8.18, 7.88, 8.71 and 7.36 9.02 g/100 g protein for
ostrich, duck, hen and quail eggs respectively.

From the above mentioned discussion, it could be observed that,
the highest values of aspartic and leucine were obtained by hen eggs, while
the highest values of glutamic acid was obtained by ostrich eggs.

On the other hand, the two amino acids methionine and histidine
showed the lower contents in the protein of whole liquid egg of all
investigated eggs.

In addition, it could be observed that, the hen and ostrich eggs
had the highest value of total essential amino acids (39.56 and 39.11 g/100g
protein), followed by duck (35.90) and the lowest value of total essential
amino acids (34.40) was noticed for quail eggs. The same conclusion was
obtained for nonessential amino acids.

Table (4): Amino acids composition (g /100g protein) of various raw egg

yolk.
Egg type FAO/WHO
Amino acid Ostrich Duck Hen Quail (1973)
Essential amino acid
Valine 6.29 5.49 6.15 5.26 5.0
Methionine + Cyestine 1.25 1.73 2.84 1.50 3.5
Isoleucine 5.98 4.20 5.20 4.06 4.0
Leucine 8.18 7.88 8.71 7.36 7.0
Therionine 4.30 4.84 4.54 4.58 4.0
Phenyl alanine + Tryptophan 6.29 6.13 6.15 6.01 6.0
Lysine 6.82 5.63 6.06 5.63 5.5
Nonessential amino acid
Arginine 5.77 4.63 5.68 4.58
Histidine 2.62 2.17 2.55 2.25
Aspartic acid 8.20 8.47 10.32 9.02
Tyriosine 4.82 2.81 3.31 2.40
Serine 5.45 6.72 7.10 6.31
Glutamic acid 14.48 12.81 14.39 12.78
Proline 7.45 5.34 5.68 4.13
Glycine 3.67 3.40 3.40 3.60
Alanine 5.87 5.71 5.96 5.41
Total Essential amino acid 39.11 35.90 39.56 34.40
Total Nonessential amino acid 58.33 51.06 58.21 50.48

Comparing the essential amino acids content in the protein of
different eggs under investigation with those of FAO/WHO (1973); it could be
observed that all eggs contained the same seven essential amino acids as
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the FAO/WHO reference protein. The same data showed that contents of all
essential amino acids slightly higher than those of the FAO/WHO reference
protein except methionine + Cyestine which had lower than FAO/WHO
reference protein.

General agreement was found between the obtained results and
those of Razem et al. (1989); Panda and Singh (1990) and Sharaf, (1996) for
hen and quail egg and Brand et al. (2003) for ostrich egg with slight variation.
Stademan and Coterill (1977) added that there are many factors affecting the
concentration of nutrients in eggs including protein and amino acids such as
age, breed, strain, differences in eggs produced by individual bird and
environmental conditions.

Minerals content :-

The amounts of some important minerals in the studied egg types
are shown in Table (5). From the obtained results, it could be observed that,
the phosphorus had the highest value of all studied eggs, and these values
represented 1125, 949, 1152 and 1070 mg/100g on dry weight basis for
ostrich, duck, hen and quail whole eggs respectively, While potassium
occupied the second order were showed 584, 788, 739 and 474 mg/100g.
Sodium comes at the third order in all studied eggs. On the other hand, iron
was considered to be the most important minor mineral in eggs. The iron
contents were 12.93, 8.56, 6.88 and 6.66 mg/100g for ostrich, duck, hen and
quail eggs respectively.

Table (5): Minerals content (mg /100g on wet and dry weight basis) of
various raw whole eggs.

; Egg type
Minerals Ostrich Duck Hen Quail

W.B D.B W.B D.B W.B D.B W.B D.B
Sodium (Na) 109 522 200 685 130 597 116 407
Potassium (K) 122 584 230 788 161 739 135 474
Calcium (Ca) 58 278 60 206 68 312 110 386
Magnesium (Mg) 22 105 28 96 25 115 30 105
Phosphorus (P) 235 1125 277 949 251 1152 305 1070
Iron (Fe) 2.7 12.93 2.5 8.56 15 6.88 1.9 6.66
Zinc (Zn) 14 6.70 24 8.22 15 6.88 1.9 6.66

With reference to comparison between different avian species for
minerals content, it could be concluded that, the duck egg had the highest
value of sodium, potassium and zinc, while quail egg had the highest value of
calcium.

On the other hand ostrich whole eggs had the highest value of iron
content. The highest magnesium and phosphorus content were obtained by
hen eggs

General agreement was found between the obtained results and
those of Sharaf (1996) for hen and quail eggs ; Mc Namare and Thesmar
(2005) for hen egg. Some variation for minerals content between the obtained
results and those for Brand et al. (2003) for ostrich egg and Jalaludeen and
Churchil (2006) for duck egg. Stadelman et al. (1988) declared that the

232



J. Food and Dairy Sci., Mansoura Univ., Vol. 2 (4), April, 2011

amounts of these mineral in egg are known to be influenced by breed, strain,
diet, age of the bird and season.

Conclusion

The results indicated that, the eggs chemical composition varied
within species and might be associated with the different characteristics of
the birds and their feeding habits. The important thing to note is that all avian
egg types contain all essential nutrients which required by human. The
research data relating the processing of some type of egg are still
fragmentary and information on their nutritive value, functional properties and
utilization are scarce. Therefore, more studies are needed for a better
understanding of the influence of various production and processing factors
on the yield and quality of eggs.
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