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Figure 1- An example of the force-deformation diagram for quail eggs
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Table 1- Analysis of variance of the physical properties of quail eggs affected by three different time sampling

S pd Oluogas Sources variations

Physical properties g ged o las- ((GAVARCHIWE: FON
Sampling time Error Coefficient of variation

S b 2.91™ 1.92 4.09

large diameter

e S5 0.30™ 0.83 3.49

central diameter

C)\;eight 1.23™ 1.26 9.11

:;;ume 1.11ns 115 9.37

;’; e}dci f"i’cf’gr avity 0.001774" 0.000861 1.76

o b (Slee 0.34™ 0.88 3.31

geometrlc diameter mean

;;rfe ity 10.30° 373 2.30

%) gl 10334™ 27528 6.52

surface of the shell

;ﬁ; p:i/: dex 0.002121* 0.000728 3.50

)5 0701 5 0/05 o 3 (s l5 sine g 53 gimo e il j LS cudyp & ¥* 9 * NS
Ns, *, **= Non-significant, significant at 0.05 and significant at 0.01, respectively.
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Fig 2- Specific gravity of quail egg during the first period of laying eggs
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Table 2- Analysis of variance of quail eggs' mechanical properties affected by three different sampling time

Sl Cluogas Sources of variations
Mechanical properties (CV) el copo sl e oo L
Coefficient of variation Sampling time Error
90 ns
. 18.86 2.04 4,61
Breaking force
TR )
&7 31.24 0.162 0.151
Breaking energy
g 17.2 555.80" 121.55
Hardness
SN _ _ 19.9 0.0030" 0.0012
Breaking diformation
S ) 20.03 0.00000352" 1.1E-06
Strain

)15 0701 5 0/05 o 3 (sl sine g 53 gimo e il j LS cudyp & *¥* 5 * NS
Ns, *, **= Non-significant, significant at 0.05 and significant at 0.01, respectively.

Ll diges Cilisee loj dus (slyy eyl 59 il Cliogad (Sike =3 Jout
Table 3- mean properties of quail eggs for three different sampling time*

RIS
ol 158 Sluoguad Age of quails
Properties of quail eggs Suan 15 SSaan 19 SSaan 23
15 weeks 19 weeks 23 weeks
oI 3 0.0067°+1.073 0.011°+1.076 0.028%1.082
Specific gravity (gr/cm®)
9 2.09%+11.39 1.83%11.24 2.41°%+11.54
Force (N)
i el
< 0.38%+1.18 0.36%+1.22 0.40%+1.33
Breaking energy (N.mm)
e b b
11.52%470.92 8.69°+61.01 14.18°+60.80
Hardness (N/mm)
S ,u.-.» . . 0.028°+0.16 0.035%+0.183 0.041°+0.194
Breaking diformation (mm)
oS 0.00081°+0.0047 0.00125%+0.0054 0.00115%0.0057

Strain

(oo il £ Sie) (P0/05) w23l Joisine DS (sl o b g b (slaSibo'
YMeans within same row with different superscripts differ (P<0.05).
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Table 4- Analysis of variance of quail eggs' properties affected by divergent selection of body weight of quail

b o8 Sluogas Sources variations

Properties of quail eggs By 059 &Sy bl a5 (CV.) olyuss copo
Divergent selection Error Coefficient of variation

S b 0.05" 0.02 2.46

Large diameter

e 7.19° 1.31 438

Lentral diameter

roin b (Sle 7.25™ 1.32 4.01

Geometric diameter

Ol 14.02" 2.68 13.02

Weight

Sl S5 3.49™ 8.69 33.53

Break force

e 274.79™ 451.38 35.89

Hardness

‘ng el . 0.0007™ 0.0016 25.84

Diformation

. e - ~|

S S5 0.03™ 0.09 44.68

Breaking energy

)5 0701 5 0/05 o 3 (s )l5 sine g 53 gimo e il j LS sy & *¥* 5 * NS
Ns, *, **= Non-significant, significant at 0.05 and significant at 0.01, respectively.

Lol o g 8185 B A (sl (el 055 ilisee Clogas Sl =5 Jua
Table 3- Mean properties of quail eggs for three divergent selection of body weight of quail*

s 1Sy sl
Ol 955 Sluoguad divergent selection of body weight
Properties of quail eggs Suand g SialS L5 09,5 Swand g il
four week low body weight  control group  four week high body weight

o3 ’Jas 33.5+0.28° 35.2 +£0.48° 35+ 0.99°
large diameter (mm)
oo B3 25.1+0.23 26.7 +0.48° 26.6 +0.33°
central diameter (mm)
e ’Jas U&Lw 27.66 + 0.57° 29.27 + 1.50° 29.16 +1.12*
geometric diameter (mm)
% 11.1+0.23 13.4£0.67° 13.1+0.63
Weight (gr)
oS S5 8.3+1.02° 9.4 +1.03 8.3+082°
Break force (N)
e 57.4+7.17° 65.1 + 6.10° 53.8+9.17°
Hardness (N/mm)
‘ng e . 0.153 + 0.0132° 0.153 + 0.0142° 0.170 + 0.0152°
Diformation (mm)
s et

<or 0.64 +0.107° 0.76 +£0.129° 0.68 + 0.054°

Breaking energy (N.mm)

(oo Sl £ Sie) (P0/05) w23l Josine OS] (sl o b g, b (slaSibo’
YMeans within same row with different superscripts differ (P<0.05). (Means + Standard deviation)
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Introduction Breeding quail and quail egg industrial production because of the high nutritional
value of these products has been developing these years. Considering the high demand and economical
production, further development in the future is predicted. In order to design and effective utilization of the
equipment for transportation, separation, packaging and storage, the physical and mechanical properties of quail
eggs are needed. It is of great importance to study the factors which are influencing these properties.
Strength of the shell is an important factor in determination of quail egg quality. Quail egg shell
strength depends on several variables including specific gravity, egg weight and volume, shell thickness,
weight and percentage of shell, hardness, breaking force, breaking energy, egg surface, farming
conditions, type and species of birds, nutrition and geometric characteristics of eggs.

Materials and Methods In this paper, initially in three phases, at 15 weeks, 19 weeks and 23 weeks, shell
strength changes and physical properties of quail eggs on 90 quails during their first period of laying eggs were
studied. Measured properties were included dimensions, weight, volume, specific gravity, shell thickness,
weight and percentage of shell, breaking force, breaking energy, egg surface and some other properties.

In the second part the effects of divergent selection for the bird’s body weight at four weeks of age on the
quail eggs of fifth generation were studied. Measured properties were included dimensions, weight,
volume, breaking force, breaking energy and some factors for direct and indirect measurement of
strength of quail eggs. For direct measurement of the strength of eggshell of quail, two methods were
employed: The first method was quasi-static compression test between two parallel plates of the universal
testing machine and the second method was measuring specific gravity.

In the first method, eggs were compressed between two plates using universal testing machine. The
compression speed was 6 cm/min and 10 cm/min. The egg sample was placed on the fixed plate and pressed
with a moving plate connected to the load cell until its rupture.

In the second method, quail egg volume is measured by water displacement method, as they were
weighed by digital scales and specific gravity is calculated by dividing weight per volume.

Results and Discussion In the first part of the study, through the time from beginning to end of the first
period eggs (from 15 weeks to 23 weeks) breaking energy, specific gravity of quail eggs and also
flexibility of eggs against external forces increased. Mass, volume, large diameter, central diameter,
geometric diameter mean and surface of the shell from the beginning of the period to the end of it, remained
unchanged and their mean values were respectively 12.41 gr, 11.51 cm?, 33.79 mm, 26.10 mm, 28.45 mm and
2546 mm?>. From 15 weeks to 23 weeks of age, shape index and sphericity decreased. Mean values of
shape index and sphericity were 0.769 and 84.21% respectively.

In the second part of this research, quail eggs of four weeks low body weight group were smaller and
lighter than quail eggs of control group, but quail eggs of four weeks high body weight group did not
show significant differences with quail eggs of control group, which suggesting greater heritability of body
weight in the physical properties of the eggs. Strength and specific gravity parameters in the three groups did
not differ significantly from each other. The results showed that quail egg shell strength after several
generations of divergent selection for body weight has not been changed.

Conclusion Flexibility and thickness of the quail egg shell increased from the beginning of the first
period to the end of the laying eggs period. This makes the eggs less vulnerable and increases their
strength. In the second part of the research, it could be concluded that the physical properties of quail
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eggs in a divergent selection for the birds' body weight in order to weight loss is more effective compared to
body weight gain group.

Keywords: Divergent selection, Laying eggs period, Mechanical properties, Physical properties, Quail Egg.



