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Amagc: Bu ¢alisma bildircin yumurtalarinda farkl kabuk ren-
gi, benek rengi ve benek yayginligina sahip yumurtalarda i¢
ve dis kalite 6zelliklerini belirlemek amaciyla yiirtitildi.

Gerec ve Yontem: Arastirmada giinliik toplanan 318 adet Ja-
pon bildircin yumurtasi kullanildi. Uygulama gruplari grimsi
beyaz kabuk rengi iizerine ¢ok biiyiik kahve benek (I), grim-
si beyaz kabuk rengi tizerine farkl biiytkliikte siyah benek
(1), kahverengi kabuk rengi lizerine biiyiik kahve benek (III),
kahverengi kabuk rengi iizerine yaygin kahve benek (IV) ve
grimsi beyaz kabuk rengi iizerine farkl biiyiikliikte mavi
benek (V) olarak isimlendirildi. Yumurtalar bireysel olarak
numaralandirildi. Yumurta kirilmadan o6nce dis kalite 6zel-
likleri ve kirildiktan sonra ak uzun ve kisa ¢apj, ak yiiksekligi,
sar1 ¢api ve sar1 yliksekligi 6lciildi.

Bulgular: Yumurta kabuk orani ve kabuk indeksi degerleri
bakimindan gruplar arasindaki farkliliklar 6nemli bulundu
(P<0.01). i¢ kalite 6zelliklerinden ak indeksi, sar1 indeksi ve
Haung unit degerleri bakimindan gruplar arasi farklilik ista-
tistiki olarak 6nemli oldugu belirlendi (P<0.01, P<0.001).

Oneri: Bildircin yumurtalarinda kabuk ve benek renginin
kabuk orani, kabuk indeksi, ak indeksi, sar1 indeksi ve haugh
unit gibi kalite 6zellik degerlerine etkisinin énemli oldugu
soylenebilir.

Anahtar kelimeler: Bildircin, kabuk ve benek rengi, dis ve
i¢ kalite

Abstract

Aim: In this study was aimed to determining internal and
external quality of quail eggs with different eggshell colour,
spot colour and spottiness.

Material and Methods: In this study, daily collected 318
eggs were used. The treatment groups were classified as tho-
se with very large brown spots on greyish white eggshell co-
lour (1), black spots of varying size on greyish white eggshell
colour (II), large brown spots on brown eggshell colour (III),
widely distributed brown spots on brown eggshell colour
(IV), and blue spots of varying size on greyish white eggshell
colour (V). The eggs were individually numbered. External
quality characteristics were identified before egg broken out.
After eggs were broken out, long and short diameter of al-
bumen, albumen height, yolk diameter and yolk height were
evaluated.

Results: The differences for value of eggshell percentage
and shell index between groups were statistically significant
(P<0.01). The differences for albumen index, yolk index and
Haugh unit between groups were significant (P<0.01, P<O0.
001).

Conclusion: It may be expressed that eggshell colour and
spot colour in quail eggs are significantly affected egg quailty
characteristics like eggshell percentage, shell eggs index, al-
bumen index, yolk index and haugh unit.

Keywords: Quail, eggshell and spot colour, external and in-
ternal quality
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Introduction

Several researches have been carried out on the external
and internal quality traits of quail eggs (Turkyilmaz 2005,
Taha 2011, Alasahan and Gunlu 2012, Dukic Stojcic et al
2012, Genchev 2012, Sari et al 2012, Zita et al 2013, Hrncar
et al 2014). Quail eggs differ from the eggs of other avian
species in terms of their smaller volume, eggshell colour,
spot size, spot colour, and some internal and external qua-
lity traits. Quail eggs have an eggshell colour varying from
white to blue or green, on which spots of varying size and
colour are observed. Mizutani (2003) reported that, in wild
quails, the eggshell colour could be white or flesh-tinted with
light brown and/or blue and/or brown spotted. As reported
by this researcher, the intensity of spottiness as well as the
size and colour of the spots can be used as a tool to identify
individual female animals. Different colour definitions have
been made in previous researches on the eggshell colour of
quail eggs. Okumus and Durmus (1998) classified quail eggs
as white-coloured, sandy-spotted, lightly spotted, heavily
spotted and/or moderately spotted eggs. Sezer and Tekeli-
oglu (2009) indicated that the eggshell colour of quail eggs
varied from white to blue or green, while Taha (2011) clas-
sified quail eggs as those with black spots of varying size on
brown or greyish white eggshell colour, spotless eggs with a
white eggshell colour, and eggs with small black or light blue
spots on a greyish brown eggshell colour. On the other hand,
Hassan et al (2013) classified quail eggs as light eggs (with
no spots or rarely very small spots), dotted eggs (with many
small spots), spotted eggs (with many large spots), and dark
eggs (with a few very large spots).

The variances, observed in the eggshell colour and spottiness
of quail eggs, have attracted the attention of many researc-
hers. In their studies, while some researchers (Sezer and
Tekelioglu 2009) have focussed on the identification of the
eggshell colour using the quantitative analysis method, some
others have focussed on the impact of eggshell colour variati-
ons on eggshell structure, egg weight loss, and hatching para-
meters (Taha 2011, Hassan et al 2013), and have also inves-
tigated internal and external egg quality traits (Taha 2011).
This study was conducted on quail eggs of different eggshell
colour with an aim to determine the impact of eggshell colo-
ur, spot colour and spottiness on external and internal egg
quality traits.

Alagahan et al

Materials and Methods

Three hundred and eighteen eggs laid by 16-week-old quails,
which were obtained daily from a local table eggs producer
from Japanese quails (Coturnix coturnix japonica), constitu-
ted the material of the study. Each egg was macroscopically
examined on the basis of eggshell colour. As a result of the in-
dividual examination of all of the quail eggs, five groups were
established according to the eggshell colour, spot colour and
spottiness, and some external and internal egg quality traits
were investigated in these groups. The names of the study
groups and the number of eggs included in these groups are
presented in Table 1 and Figures 1-5.

In order to determine the external and internal egg quality
traits of each group, each egg was individually weighed on a
digital scale accurate to 0.01 g (Neck mark), and numbered.
Subsequently, the egg length and width values were measu-
red using a digital calliper (Stainless Hardened Mark Digital
Caliper). After being broken out, the internal surface of the
eggshell of each egg was carefully cleaned with an absorbent
tissue, and the eggshell of each egg was weighed to record
the eggshell weights. By using the values obtained from these
measurements, the external egg quality trait values listed be-
low were calculated (Anderson et al 2004, Rayan et al 2010).

Shape index (%) = (Egg Width / Egg Length) x 100 (Carter
1968)

Elongation = (Egg Length / Egg Width) (Preston 1968)

Eggshell Index (g/100 cm?) = [Eggshell Weight (g) / Eggshell
Surface Area (cm?2)] x 100 (Sauveur 1988)

Eggshell Surface Area (cm?2) = 3.9782 x (Egg Weight (g)).7056
(Carter 1975)

Eggshell Percentage (%) = [Eggshell Weight / Egg Weight]
x 100

In order to determine the internal quality traits, each egg was
broken out onto a flat glass surface. Eggs with cracks, ripped
yolk and uncertain thick albumen were excluded from the
study. The diameter and height of the egg yolk and albumen
were measured using a digital calliper. Without damaging

Table 1. Data pertaining to the study groups.

Groups Number of Eggs
Very Large Brown Spots on Greyish White Eggshell Colour (I) 70
Black Spots of Varying Size on Greyish White Eggshell Colour (II) 72
Large Brown Spots on Brown Eggshell Colour (III) 37
Widely Distributed Brown Spots on Brown Eggshell Colour (IV) 40

99

Blue Spots of Varying Size on Greyish White Eggshell Colour (V)
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the egg yolk, the yolk and albumen were separated, and the
weight of the egg yolk was measured. By using the albumen
and egg yolk values obtained from these measurements,
the internal egg quality values listed below were calculated
(Gonzalez 1995, Genchev 2012).

Albumen Weight (g) = [Egg Weight (g) - (Egg Yolk Weight (g)
+ Eggshell Weight (g))]

Egg Yolk Percentage (%) = [Egg Yolk Weight (g) / Egg Weight
(g)]x 100

Albumen Percentage (%) = [Albumen Weight (g) / Egg We-
ight (g)] x 100

Albumen Index (%) = [Thick Albumen Height (mm) / (Thick
Albumen Long Diameter (mm) + Thick Albumen Short Dia-
meter (mm)) / 2)] x 100 (Heiman and Carver 1936)

Yolk Index (%) = [Egg Yolk Height (mm) / Egg Yolk Diameter
(mm)] x 100 (Funk 1948)

Haugh Unit = 100 log [Thick Albumen Height (mm) + 7.57 -
1.7 x (Egg Weight (g)0.37] (Haugh 1937)

Internal Quality Units = 100 log [Thick Albumen Height
(mm) +4.18 - 0.8989 x (Egg Weight (mm)0.6674] (Kondaiah
etal 1983)

The statistical analysis of the data obtained in this study was
made using the SPSS 12 software package. The normality
of data distribution was checked using the Kolmogorow-
Smirnov test. The mean values of each group were tested
by analysis of variance, and the statistical significance of the
differences between the study groups was determined by
Duncan’s test.

Results
External quality traits

Some external and internal quality trait values of eggs be-
longing to study groups with different eggshell colours are
presented in Tables 2 and 3. The impact of eggshell colour
on eggshell percentage and eggshell index was found to be
statistically significant (P<0.01). Differences between groups
for albumen weight, egg yolk weight and shell weight were
insignificant (P>0.05).

Furthermore, the impact of eggshell colour on egg width
was also found to be statistically significant (P<0.05). While
the egg length and width values were ascertained to be the
highest in Group IV, the egg shape index was the highest in
Group II, and elongation values were the highest in Group V.

Alagahan et al

Figure 3. Large brown spots on brown eggshell colour.

Internal quality traits

Values pertaining to some internal quality traits of eggs be-
longing to groups with different eggshell colours are presen-
ted in Table 4. The impact of eggshell colour on all of the in-
ternal quality traits given in these tables, excluding egg yolk
diameter, was found to be statistically significant (P<0.05,
P<0.01, P<0.001).

The albumen index, haugh unit and internal quality unit va-

lues were the highest in Group I, whilst the egg yolk height
and egg yolk index values were the highest in Group V.
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Figure 5. Blue spots of varying size on greyish white eggshell colour.

Alagahan et al

Discussion

In the present study, it was determined that in quail eggs,
eggshell colour had significant impact on some external and
internal quality traits. The results obtained showed that dif-
ferences in the eggshell colour and spot colour were associa-
ted with variances in eggshell percentage and eggshell index
values. The mean eggshell percentage value determined in
the present study (8.74%, Table 2) was found to be lower
than the values previously reported by Taha (2011), Sari et al
(2012) and Zita et al (2013), but was ascertained to be simi-
lar to other values reported by Sezer (2007), Nowaczewski et
al (2010), and Hrncar et al (2014).

In agreement with Taha (2011), it was ascertained that the
impact of eggshell colour and spot colour on egg weight and
eggshell weight was statistically insignificant (P>0.05, Tab-
le 2). Similar results have been reported for egg weight and
shell weight in researches on different animal species. Ko-
zuszek et al (2009), Nowaczewski et al (2013a), and Nowac-
zewski et al (2013b) reported that, in pheasant eggs with an
eggshell colour of blue, light brown, dark brown or olive gre-
en, eggshell colour had no significant impact on egg weight
or eggshell weight. The results obtained in the present study
differ from those reported in previous researches, which sug-
gest eggshell colour to have a statistically significant impact
on egg weight and eggshell weight in pheasant eggs (Krysti-
aniak et al 2005) and hens’ eggs (Al-Rubaiee 2012) of diffe-
rent eggshell colours (P<0.01).

The present study revealed that eggshell colour and spot co-
lour had a significant effect on the width of quail eggs. The
highest egg width value was determined in Group IV (26.14
mm) and the differences between the treatment groups were
determined to be statistically significant (P<0.05, Table 3).
The egg width values obtained in the present study were in

Table 2. Some external and internal quality traits of groups with different eggshell colours (mean * SE)

Egg Albumen Albumen Egg yolk Yolk Eggshell Eggshell Shell

Groups 1 Weight Weight Percentage Weight Percentage Weight Percentage Index
(g) (2) (%) (g) (%) (g) (%) (/100 cm?)
I 65 12.70+0.17 7.51+0.11 59.12+0.28 4.09+0.07 32.15+0.28 1.11+0.02 8.73+0.09>  4.63+0.04ab
1l 64 12.35+0.14 7.40+0.09 59.95+0.31 3.88+0.07 31.31+0.31 1.08+0.02 8.74+0.10P 4.60+0.05P
11 37 12.43+0.17 7.41+0.12 59.56+0.38 3.90+0.07 31.37+0.31 1.12+0.02 9.07+0.192 4.78+0.10b
\4 38 12.76+0.21 7.60+0.12 59.58+0.40 4.10+0.09 32.06+0.37 1.07+0.02 8.36+0.10¢ 4.44+0.06¢
\Y% 93 12.49+0.14 7.42+0.08 59.46+0.23 3.97+0.06 31.77+0.24 1.09+0.01 8.76x0.07>  4.62+0.03ab

Total 297 12.53+0.07 7.76+0.05 59.52+0.14 3.98+0.03 31.74+0.13 1.09+0.01 8.74+0.05 4.62+0.02
F 1.059 0.575 1.051 1.990 1.529 1.433 3.945 3.501
P 0.377 0.681 0.381 0.096 0.194 0.223 0.004 0.008

a¢ Differences between mean values with different superscripts in the same column are statistically significant (P<0.01)
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Table 3. Some external quality traits of eggs belonging to groups with different eggshell colours (mean * SE).

Egg Length Egg Width Shape Index Elongation
Groups n (mm) (mm) (%)

I 70 33.63+0.20 26.08+0.132 77.62+0.37 1.29+0.01
1 72 33.18+0.20 25.77+0.122b 77.75+0.31 1.29+0.01
11 37 33.60+0.30 25.94+0.163b 77.32+0.54 1.30£0.01
I\ 40 33.82+0.26 26.14+0.142 77.43+0.52 1.29+0.01
\Y 99 33.55+0.18 25.61+0.10b 76.46+0.33 1.31£0.01
Mean 318 33.53+0.10 25.85+0.06 77.23+0.18 1.30£0.00

F 1.075 3.295 2.344 2.339

P 0.369 0.012 0.055 0.055

acDifferences between mean values with different superscripts in the same column are statistically significant (P<0.01)

agreement with those previously reported by Taha (2011) in
a study suggesting that eggs with an eggshell colour of brown
had a larger egg width. On the other hand, the present study
suggested that the impact of eggshell colour and spot colour
on egg shape index and elongation was statistically insignifi-
cant. This finding was in compliance with the report of Taha
(2011) for quail eggs, but differed from previous reports ava-
ilable for hens’ eggs Al-Rubaiee (2012) and pheasant eggs

(Nowaczewski et al 2013a, Nowaczewski et al 2013b), which
revealed eggshell colour to significantly affect egg shape in-
dex. Of the internal quality traits investigated in the present
study, the albumen index, egg yolk index and HU values were
ascertained to significantly differ for eggshell colour and spot
colour (P<0.01, P<0.001, Table 4). While the impact of egg-
shell colour on the albumen index and egg yolk index was fo-
und to be statistically insignificant in quail eggs, as reported

Table 4. Internal quality traits of eggs belonging to groups with different eggshell colours (Mean=*SE).

Albumen Length Albumen Width Albumen Height Yolk Diameter Yolk Height
Groups n (mm) (mm) (mm) (mm) (mm)
I 59 46.68+0.702 35.82+0.582 5.38+0.102 26.79+0.22 11.84+0.162
I 61 45.98+0.602b 35.40+0.502 5.11+0.10b 26.49+0.18 11.64+0.182
11 34 43.53+0.75b 33.64+0.73b 4.45+0.10¢ 26.41+0.24 11.03+0.16b
v 33 46.01+0.84a 35.51+0.692 4.56x0.12¢ 26.76+0.38 11.72+0.242
\Y 85 44.77+0.482b 34.37+0.362b 4.37+0.06¢ 26.53+0.19 12.01+0.122
Mean 272 45.45+0.29 34.96+0.24 4.79+0.05 26.59+0.10 11.73+0.08
F 3.119 2.494 28.034 0.485 4.196
P 0.016 0.043 0.000 0.747 0.003
Albumen Index Yolk Index Haugh Internal Quality
Groups n (%) (%) Unit Unit
I 59 13.18+0.292 44.25+0.542 93.26+0.482 66.13+0.94a
1 61 12.65+0.282 43.96+0.632 92.07+0.51a 64.29+1.022
1 34 11.64+0.29b 41.83+0.62P 88.61+0.47b 57.71+0.98b
v 33 11.32+0.36P 43.88+0.762 88.87+0.65P 57.34+1.45b
\% 85 11.11+0.18b 45.32+0.402 88.07+0.35b 56.32+0.83b
Mean 272 12.00+0.13 44.17+0.26 90.26+0.25 60.54+0.52
F 12.557 4.331 26.152 21.449
P 0.000 0.002 0.000 0.000

a¢ Differences between mean values with different superscripts in the same column are statistically significant (P<0.05, P<0.01, P<0.001).
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by Taha (2011), and in pheasant eggs, as reported by Kirikci
et al (2005), the impact of eggshell colour on the HU values
was found to be statistically significant in pheasant eggs, as
reported by Kozuszek et al (2009). Furthermore, Al-Rubaiee
(2012) suggested that eggshell colour significantly affected
the egg yolk index of hens’ eggs.

The highest and lowest Haugh unit values were determined
in Group I (93.26) and in Group V (88.07) respectively and
the differences between the treatment groups were deter-
mined to be statistically significant (P<0.01, Table 4). The
results obtained in the present study differ from those re-
ported in previous researches (Caglayan et al, 2014), which
suggest spotted and unspotted eggs to have a statistically in-
significant impact on Haugh unit in partridge eggs.

Conclusion

It could be expressed that eggshell colour and spot colour in
quail eggs are significantly affected egg quailty characteris-
tics like eggshell percentage, shell eggs index, albumen index,
yolk index and haugh unit.
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