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Egg quality and shell colour characteristics of crosses between Araucana and Schijndelaar 
with highly productive White Leghorn and Rhode Island Red strains

1 1 2H. Lukanov *, A. Genchev , A. Pavlov

1Department of Animal Science, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
2Department of Pharmacology, Animal Physiology and Physiological Chemistry, Faculty of Veterinary Medicine, Trakia University, 6000 Stara Zagora, 
Bulgaria.

Abstract. The experiment was performed with 8 groups of 38-week-old hens (4 control and 4 experimental groups). Control groups comprised purebred White 
Leghorn, Schijndelaar, Rhode Island Red and Araucana hens used for formation of experimental groups of F1 crosses between White Leghorn х Schijndelaar, 
White Leghorn х Araucana, Rhode Island Red х Schijndelaar and Rhode Island Red х Araucana. Twenty-four eggs were collected from each group. The aim of 
the study was to investigate some of the primary egg quality traits and shell colour characteristics in the CIE L*a*b* system. The following parameters were 
determined: egg weight (g), shape index (%), albumen index, Haugh units, yolk index, yolk colour score (by La Roche scale) and average eggshell thickness 
(μm). The proportions of the different egg parts were calculated for each of the groups. Higher egg weights were found in breeds selected for this trait (Rhode 
Island Red and White Leghorn) compared to breeds in which the selection in this direction was not purposeful (Schijndelaar and Araucana) (р<0.001). Egg 
weight had very weak influence on egg albumen and yolk (<1% of the total dispersion of traits). The shape index of the studied eggs varied from 78.98 in 
purebred Araucana group to 75.36 in White Leghorn x Araucana crosses. The eggs of Schijndelaar and White Leghorn, as well as of White Leghorn х 
Schijndelaar and White Leghorn х Araucana crosses had normal oval shape (SI 75.3 – 76.5%), whereas the eggs of purebred Araucana and Rhode Island Red 
hens as well as their crosses were more oval (SI 77 – 79%). A linear negative relationship between the shape index and yolk proportion was established 
(L=0.068), with correlation coefficient r   -0.260. Schijndelaar hens exhibited the lowest values of the following traits: egg weight 45.90 g, albumen index 0.05, 
haugh units 65.13, yolk index 0.405 and yolk colour score 11.58 (p <0.001). Among the studied groups, White Leghorn eggs had the thickest eggshells (445.39 
μm), while the Rhode Island Red х Araucana crosses (392.8μm) – the thinnest. The lowest relative albumen proportion was demonstrated in the eggs of Rhode 
Island Red х Schijndelaar crosses (56.2). The investigation of eggshell colour showed reduction of L* values from 95.49 in white-shelled eggs to 59.71 in 
brown-shelled eggs (р<0.001). The shell colour index (SCI) was the highest in white eggs (White Leghorn) and in blue-green eggs of Schijndelaar which had 
comparable colour characteristics. The lowest SCI was established in brown eggs (Rhode Island Red). 

Keywords: egg quality, eggshell colour, L*, a*, b*, shell colour index, Easter eggers.
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Introduction inclusion of birds in schedules for crossing with the highly-productive 
Rhode Island and White Leghorn strains (Lukanov, 2014а). There 

The production of commercial egg-laying hybrids is based on are neither detailed studies on the potential of these combinations, 
two main breeds: White Leghorn for production of white-shelled nor evaluation of the quality of produce (Lukanov and Genchev, 
eggs and Rhode Island – for production of brown eggs (Delany, 2012). On the other hand, there are unclear issues with the suitability 
2004; Davita et al., 2009). These highly productive hybrids are of egg-laying hybrids from the Easter egger types to industrial 
popular at a global scale, which limits significantly the genetic production systems and organic farming (Lukanov et al., 2012).
resources in laying hen husbandry (Muir and Aggrey, 2003). Another Many egg quality traits directly related to product marketing are 
negative effect related to the genetic diversity of chickens is the influenced mainly by the genotype of birds. Such traits are egg 
concentration and reduction of world breeder producers. Nowadays, weight (Holt et al., 2011) and eggshell colour (Scott and Silversides, 
a substantial number of breeds and breed groups are irrevocably 2000). Regardless of the fact that shell colour does not determine 
lost, while others are endangered (Delany, 2003). That is why the the quality of an egg, it attracts and predefines the consumer's 
breeds with valuable genetic resources should be used in various preferences. The strains used in modern industrial egg-laying 
crossing schedules in order to preserve the pure ancestor/parental husbandry are selected both for high egg production and for 
forms and to encourage selection work with them. favourable quality traits (egg weight, shape, shell thickness, etc.) 

A group of chicken breeds is carrying the О allele (Singh et al., 2009; Kumar et al., 2014). In hybrids producing brown-
(SLCO1B3), which determines the appearance of blue-green shelled eggs the intensity of the shell pigmentation has recently 
pigmentation of eggshells with dominant type of inheritance (Wang received particular attention (Cavero et al., 2012). Yet, there is not a 
et al., 2013). From this group, the Araucana, Schijndelaar, Cream sufficient number of studies about the egg quality and production 
Legbar and Dongxiang could be outlined as target breeds for future traits in purebred hens laying blue-green eggs or their hybrid 
selection work. These breeds are of the light egg-laying type and combinations.
with acceptable production performance (Lukanov, 2014b). The The eggs of hens reared for exhibitions and decorative 
main disadvantages are the lower egg production compared to purposes are often with low weight, and the laying performance is 
modern laying hybrids, the low weight of eggs, broodiness instinct not high. Nevertheless, some of them possess attractive exterior 
and susceptibility to stress. They are largely compensated with traits. The investigation of the potential for crossbreeding between 

* e-mail: dr_lukanov@abv.bg
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those apparently distant groups of hens, with emphasis on their eggs • Yolk index through measurement of yolk diameter with a 
could throw more light on their future use for creation of egg-laying Vernier caliper and its height with an AMES micrometer (mm) and 
hybrids producing eggs attractive for the market. the equation:

The lack of sufficient information about the quality of eggs and 
eggshell colour in hens laying blue-green eggs and their high-
productive crosses (Easter eggers) was the motivation of the 
present study. It aimed to investigate some of the primary egg quality where YI is yolk index, h is yolk height (mm), D is yolk diameter 
traits and shell colour characteristics in the CIE L*a*b* system of (mm) (Romanoff and Romanoff, 1959);
different breeder breeds and their crosses for Easter egger • Yolk colour score using the La Roche scale (La Roche Yolk 
production. Colour Fan);

2• The shell surface area (cm ), using the formula:

Material and methods

where SSA is shell surface area, EW is egg weight (Paganelli et 
The experiment was performed with 8 groups of 38-week-old al., 1974).

hens (4 control and 4 experimental groups). Control groups 2• Eggshell density (mg/cm ) – by the formula:
comprised purebred Schijndelaar (group 1), Araucana (group 2), 
White Leghorn (group 3) and Rhode Island Red (group 4) hens used 
for formation of experimental groups. Two of the used breeds – 
White Leghorn and Rhode Island Red were highly productive • Average shell thickness (µm) measured with micrometer 
commercial strains used for production of autosexing egg-laying with precision of 0.0001 mm in the three zones (blunt edge, 
hybrids. White Leghorns lay eggs with white shells, whereas Rod equatorial region, sharp edge) and retaining the average of the three 
Island Red – with brown colour. The eggs of the two ornamental measurements.
breeds (Araucana and Schijndelaar) lay eggs with light green shells. For each group, the proportions of the egg parts were 

The experimental groups comprised F1 crosses as followed: determined through their measurement (precision 0.01 g) and 
• F1 White Leghorn х Schijndelaar (group 5); calculation of yolk:albumen ratio (Tsarenko, 1988).
• F1 White Leghorn х Araucana (group 6); Eggshell colour was determined in the CIE L*a*b* space (CIE, 
• F1 Rhode Island Red х Schijndelaar (group 7); 1986). For this purpose, a Konica Minolta CM-700d 
• F1 Rhode Island Red х Araucana (group 8). spectrophotometer was used. The values of L*, a* and b* 
All birds were fed compound feed according to the age category coordinates were determined in three zones: blunt edge, sharp edge 

of hens. Twenty-four eggs were collected from each group for and equatorial region. The chroma (С*) was calculated from a* and 
morphometric and spectral analysis. b* values (Anonymous, 2006): 

The following quality parameters were determined for each 
egg:

• Egg weight (g) with calibrated electronic balance, precision 
of 0.01 g; The colour index of the eggshell was determined according to 

• Shape index (%) through measurement of big and small egg the formula (Cavero, 2012):
diameters with Vernier caliper and calculation using the formula:

where lower values corresponded to a darker colour.
where SI is shape index, d is small diameter of the egg (mm), D is The results were submitted to statistical analysis using classic 
big diameter of the egg (mm) (Romanoff and Romanoff, 1959); statistical methods via the MS Excel 2003 software. The effect of the 3• Egg volume (cm ) was calculated by the equation: different factors on egg quality traits was evaluated by means of 

dispersion analysis (Merkurieva, 1970).

where V is egg volume (Iverson and Ewert, 1991);
Results and discussion

• Albumen index through measurement of big and small thick 
albumen diameters with Vernier caliper and albumen height with a 

The evaluation of the quality of eggs was done by a group of micrometer. It was determined using the formula:
methods, characterising the egg as an integral product. Some of 
them, being non-destructive, are applied without affecting the 
integrity of the eggshell (egg weight, shape, dimensions, colour and 
appearance, size and integrity of the air cell, presence of inclusions 
in the albumen, position and integrity of the yolk, etc.). The other where AI is albumen index, h is thick albumen height (mm)
group of tools are the so-called destructive methods which directly • Haugh units were calculated by the formula:
determine the quality of egg components (albumen, yolk, eggshell). 
The exterior characteristics of the eggs from the studied groups 
(Table 1) showed that the highest egg weight was that of White 
Leghorn eggs, while the lowest – of Schijndelaar eggs. The where HU is Haugh units and w is egg weight (g) (Haugh, 1937);

(5)

(6)

(7)

(8)

(9)
SI (%) =       x 100 (1)

(2)

(3)

(4)

d
D

d
2

D
2

4π
3000

2
V =         x      x(    )

h
D

YI =        

EW x 1000 
SSA

SD =        

0.662SSA = 4.835 x EW 

h
d+D

2

Al =         

HU = 100 x log(h + 7.57  1.7 x W )– 0.37

2 2C* = (a* + b* )
1
2

(SCI) = L* – a* – b*
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considerable difference between egg size between breeds with high Schijndelaar and Rhode Island Red х Schijndelaar crosses, which 
intensity of selection for these traits (Rhode Island Red and White were considerably different vs the other breeds and crosses. The 
Leghorn) and breeds without active selection for egg weight yolk/albumen ratio is accepted as a relatively precise criterion for 
(Schijndelaar and Araucana) should be noted. The exterior traits of evaluation of the nutritional value of the egg (Tsarenko, 1988). 
eggs of crosses are intermediate, with higher values of White Among all studied eggs, this ratio varied between 0.43 and 0.66. 
Leghorn and Rhode Island Red crosses with Araucana. The shape Against the background of aforementioned facts, the highest 
index in the studied groups ranged within 75.4 – 79%, which is a yolk/albumen ratio was the highest in Schijndelaar eggs and Rhode 
normal variation of the trait for chicken eggs. The more detailed Island Red х Schijndelaar eggs – 0.58. It could be affirmed that in 
analysis of the shape index demonstrated that the eggs of these groups, 1 g egg content had higher nutritional value compared 
Schijndelaars and White Leghorns, as well as of White Leghorn х to the other groups of eggs. The narrowest ratio was established for 
Schijndelaar and White Leghorn х Araucana crosses had regular Rhode Island Red – 0.5, consequently to the fact that the eggs from 
oval shape, whereas the eggs of Araucanas, Rhode Island Reds and this breed had the lowest yolk relative share (28.4 – 32.9%) together 
their crosses were more oval (Delchev et al., 1984). The higher with the highest albumen relative share (56.6 – 62.5%). 
shape index in Rhode Island Red х Schijndelaar crosses in The relative share of the eggshell was 10.1 – 11.5% which is 
comparison with the respective values in Schijndelaar eggs within the normal range for chicken eggs (Salawu et al., 2007). Our 
confirmed the statement of Romanoff and Romanoff (1959) that the results about egg components showed some differences compared 
effect of parents laying eggs of more oval shape had greater effect in to data of Gerzilov (2011) about 6 chicken phenotypes included in 
egg shape inheritance. the National Genetic Fund of the Republic of Bulgaria. The author 

The analysis of egg components showed that the difference reported that albumen proportion was from 59.6 to 61.2%, yolk 
between minimum and maximum values of the studied traits was proportion ranged between 26.4 – 28.9%, and shell proportion: 11.6 
from 6.4 and 13.5% (Table 2). The lowest share of albumen was – 12.3%. In our opinion, the differences in yolk and shell proportions 
observed for the eggs of Schijndelaar and Rhode Island Red х could be attributed to the difference in the age of birds – in our 
Schijndelaar crosses, with statistically significant differences vs the experiment eggs were laid during the first year of production and in 
other groups. The relative proportion of the yolk was statistically the study of Gerzilov – during the second. Moreover, the rearing 
significantly lowest in Rhode Island Red eggs compared to the other conditions are another potential factor that could influence the egg 
groups, whereas the highest values of this trait were exhibited by structure. In our case, birds were reared under controlled conditions 

Table 1. External characteristics of the eggs

Note: 1 – Schijndelaar (S) group; 2 – Araucana (A) group; 3 – White Leghorn (WL) group; 4 – Rhode Island Red (RIR) 
group; 5 – RIR x S group; 6 – WL x S group; 7 – WL x A group; 8 – RIR  group.  х А * р< 0.05; ** р< 0.01; *** р< 0.001

Quality parameters
Control groups 

1 2 3 4 5 6 7 8

Experimental groups

Egg weight, g

significant difference

Shape Index,  %

significant difference
3Egg volume, cm

significant difference
2Shell surface area, cm

significant difference

45.90±0.70

1:2,3,4,5,6,7,8***; 2:3,4,5,6,7,8***; 3:5,6,7,8***; 4:5,6,7,8***; 5:6*; 6:8**; 

75.60±0.96

1:2*; 2:3*; 2:6,7***; 4:6,7**; 5:6.7*; 6:8*; 7:8*

44.13±1.12

1:2*;1:3,4,5,6,7,8*** ; 2:6*; 2:3,4,7,8***;3:5,6,7,8***; 4:8*; 4:7**; 4:5,6***; 5:7,8***; 6:7*; 6:8**

61.16±0.97

1:2*;1:3,4,5,6,7,8*** ; 2:6*; 2:3,4,7,8***; 3:8*; 3:5,6,7***; 4:7*; 4:5,6***; 5:7,8***; 6:7*; 6:8***; 7:8*

50.25±0.33

78.98±0.88

47.68±1.38

64.13±1.12

61.58±0.44

76.47±0.63

56.76±0.48

72.34±0.42

60.72±0.50

77.64±0.66

55.93±0.55

71.53±0.46

57.04±0.47

77.01±0.51

49.58±0.50

66.05±0.45

55.03±0.73

75.56±0.40

50.69±0.60

67.13±0.53

56.15±0.78

75.36±0.52

52.97±0.78

69.14±0.68

57.92±0.61

77.20±0.49

54.05±0.61

70.91±0.48

Table 2. Share of the egg components,%

Note: 1 – Schijndelaar (S) group; 2 – Araucana (A) group; 3 – White Leghorn (WL) group; 4 – Rhode Island Red (RIR) 
group; 5 – RIR x S group; 6 – WL x S group; 7 – WL x A group; 8 – RIR  group. х А * р< 0.05; ** р< 0.01; *** р< 0.001

Parameters
Control groups 

1 2 3 4 5 6 7 8

Experimental groups

Egg white share, %

significant difference

Yolk share, %

significant difference

Eggshell share, %

significant difference

Yolk/albumen ratio

significant difference

56.48±0.63

1:7*; 1:2,6**; 1:3,4, 8***; 2:3*; 2:4,5***; 3:4**; 3:5***; 4:6,8*; 4:5,7***; 5:6,7,8***

32.74±0.41

1:7*; 1:2,3,4,6,8***; 2:7*; 2:5***; 3:7**; 3:5***; 4:8*; 4:5,7***; 5:8**; 5:6***; 6:7*

10.78±0.27

1:2,4,5*; 2:3,4,6,7,8***; 3:7*; 3:8**; 3:4,5***; 4:6**; 4:5***; 5:6**; 5:7,8***; 6:8**

  0.58±0.013

1:7**, 1:2,3,4,6,8***, 2:4**, 2:5***, 3:7*, 3:5***, 4:8*, 4:5,7***, 5:7*, 5:6,8***, 6:7*

58.27±0.23

30.36±0.20

11.37±0.10

  0.52±0.005

59.02±0.24

30.22±0.16

10.77±0.15

  0.51±0.004

60.03±0.29

29.87±0.25

10.10±0.12

  0.50±0.007

56.20±0.42

32.33±0.41

11.46±0.16

  0.58±0.011

58.92±0.46

30.36±0.36

10.72±0.18

  0.51±0.009

58.34±0.39

31.42±0.38

10.24±0.18

  0.54±0.010

58.96±0.38

30.86±0.35

10.19±0.12

  0.53±0.009
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and in the other – under free-range conditions where the effect of them (ɳ=0.330±0.064 at р<0.001). The relationship between the 
climatic factors is substantially more pronounced. In extensive shape index and yolk proportion was linear (L=0.068±0.037), 
production systems, the seasonal variations in yolk proportion are negative, with coefficient of correlation r= -0.260, depicted with the 
most obvious, with the lowest values during the winter months linear regression equation: (Y=42.009 – 0.144x).
(Romanoff and Romanoff, 1959). The dispersion analysis showed The analysis of data using the two-factor non-proportional 
that the effect of egg weight on the determination of the relation statistical complex (Merkurieva, 1970) revealed that the egg 
albumen and yolk proportions was very weak (0.01 and 0.64% of the albumen proportion was more dependent on the egg shape than on 
total dispersion of traits, respectively). egg weight (10.2% at р<0.001 and 0.01%, respectively). The relative 

Objective criteria for evaluation of albumen quality are albumen yolk proportion was dependent on both studied factors, the power of 
index and Haugh units (Table 3). Albumen viscosity assessed the egg weight effect being 0.64% (р<0.05) and that of egg shape 
through albumen height, is against the background of calculations of effect – 3.56% (р<0.001) of the total dispersion of the traits. 
both traits. In the studied sample albumen index varied from 0.03 to Yolk colour is associated with the nature of consumed feed and 
0.14. The lowest values were obtained in Schijndelaar and the is strongly influenced by the content of carotenoids and 
highest in Araucana eggs, being statistically significant vs. all other xanthophylls. The yolk colour intensity was above the average 
groups. The albumen index in Rhode Island Red crosses was values for chicken eggs (9 – 10). The variation of the yolk colour for 
substantially lower as compared to the respective values of White the entire set of studied eggs was between 8 and 13, more 
Leghorn crosses (p<0.001). A similar relationship was observed for pronounced in Schijndelaar eggs. The latter exhibited the lowers 
Haugh units. average colour score according to the La Roche scale. 

As could be seen from the table, albumen index, yolk index and The average thickness eggshell together with membranes in 
Haugh units in Araucana eggs were statistically significantly higher the studied eggs from the control groups and their crosses was 
than those of the other studied groups. According to Tsarenko (1988) within the normal range for chicken eggs. This guarantees the 
this is associated to the size of eggs. In the belief of the author, more strength and relatively low culling rate of eggs with cracked or broken 
oval eggs (with higher shape index values) had higher albumen and shells. Logically, the thickest shells were found in White Leghorns 
yolk indices and higher Haugh unit values. A similar relationship was and Rhode Island Reds, in which shell thickness is the main 
established in other chicken breeds and lines from the National selection trait. Similarly to our results, Yungrahand (2007) 
Genetic Fund of the Republic of Bulgaria (Lukanov, 2014b). established that green-shelled eggs had poorer shell quality as 
However, these statements partially disagree with the findings of compared to White Leghorn eggs. Lower average shell thickness 
Yungrahand (2007) that blue-green eggs had lower weight and values were found by Gerzilov (2011) – from 317 to 340 µm, but the 
lower Haugh units. Also, the author demonstrated that birds laying author has not made it clear whether the reported values were 
blue-green eggs had higher relative yolk proportion than White measured together with membranes or this was only the shell 
Leghorn eggs, as confirmed in our study as well. The analysis of the thickness.
data from all studied eggs and their distribution into 4 classes Shell colour characteristics of the studied eggs are presented in 
according to their shape index (Table 4) confirmed only the Table 5. As anticipated, the lowest L* values were measured in 
relationships between shape index and yolk traits (yolk index and brown eggs (Rhode Island Red), and the highest – in white eggs 
yolk relative weight) (р<0.05). (White Leghorn) with statistically significant differences with the 

The dispersion analysis of data showed that the relationship other 2 purebred and 4 crossbred groups. In crosses, the inheritance 
between shape index and albumen proportion was curvilinear of the trait was intermediate, and average lightness values were 
(L=0.079±0.039 at р<0.05), with moderate correlation between between 63.8 in Rhode Island Red х Araucana and 84.4 in White 

Table 3. Morphological characteristics of the eggs

Note: 1 – Schijndelaar (S) group; 2 – Araucana (A) group; 3 – White Leghorn (WL) group; 4 – Rhode Island Red (RIR) 
group; 5 – RIR x S group; 6 – WL x S group; 7 – WL x A group; 8 – RIR  group. х А * р< 0.05; ** р< 0.01; *** р< 0.001

Quality parameters
Control groups 

1 2 3 4 5 6 7 8

Experimental groups

Albumen index

significant difference

Haugh units 

significant difference

Yolk index

significant difference

Yolk colour score

significant difference

Average shell thick., µm

significant difference
2Eggshell density, mg/cm

significant difference

0.050±0.003

1:5**; 1:2,3,6,7,8***; 2:6,7*; 2:3,4,5,8***; 3:6,7,8**; 3:4,5***; 4:5*; 4:6,7,8***; 5:6,7***; 6:8***; 7:8***

65.13±1.70

1:5*; 1:2,3,6,7,8***; 2:7,6*; 2:3,4,5,8***; 3:6*; 3:7**; 3:5***; 4:5**; 4:6,7,8***; 5:6,7***; 6:8***; 7:8***

0.405±0.005

1:2,3,4,5,6,7,8***; 2:3,4,5,6,7,8***; 3:6*; 3:5,7,8**; 4:6,7,8**; 4:5***

11.58±0.20

1:7*; 1:2,5*; 4:5*; 5:8*; 7:8*

399.7±4.97

1:3,4,5***; 2:7*; 2:3,4,5***; 3:4**; 3:6,7,8***; 4:5*; 4:6,7,8***; 5:6,7,8***; 6:7*; 7:8*

80.68±1.606

1:4,8*; 1:2,3,5,***; 2:4,5,8*; 2:6,7**; 3:4,5,6,7,8***; 4:5***; 5:6,7,8***

0.104±0.004

87.22±1.06

0.504±0.008

12.13±0.15

393.0±3.15

91.75±2.592

0.075±0.003

75.69±1.21

0.466±0.007

12.04±0.13

445.4±3.78

91.64±1.279

0.054±0.002

65.36±1.35

0.465±0.004

11.88±0.13

425.5±5.03

85.74±1.133

0.061±0.003

71.27±1.66

0.435±0.007

12.21±0.11

440.8±3.83

98.99±1.423

0.091±0.005

82.37±1.92

0.444±0.005

12.04±0.13

393.6±3.42

83.86±1.285

0.091±0.005

81.87±1.85

0.443±0.005

12.21±0.15

404.5±3.52

82.97±1.244

0.064±0.002

72.39±1.38

0.444±0.005

11.75±0.15

392.8±3.42

84.89±1.009
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Leghorn х Schijndelaar crosses. The pigmentation in the red-green dispersion of traits).
spectrum showed a great variation depending on egg colour with The eggs of Schijndelaar and White Leghorn, as well as of 
lowest a* values in green-shelled eggs of Araucana and White White Leghorn х Schijndelaar and White Leghorn х Araucana 
Leghorn х Schijndelaar and White Leghorn х Araucana. The highest crosses had normal oval shape (SI 75.3 – 76.5%), whereas the eggs 
а* values were demonstrated for the brown eggs of Rhode Island of purebred Araucana and Rhode Island Red hens as well as their 
Red hens. crosses were more oval (SI 77 – 79%). A linear negative relationship 

Eggshell pigmentation in the yellow-blue spectrum changed between the shape index and yolk proportion was established 
from 1.2 (White Leghorn) to 26.2 (Rhode Island Red) with (L=0.068±0.037), with correlation coefficient r= -0.260. 
considerable differences (p<0.001) vs the other groups. In crosses, The shell colour index (SCI) was the highest in white eggs 
b* values were intermediate and therefore, the variation of the trait (White Leghorn) and in blue-green eggs of Schijndelaar which had 
was lower as compared to purebred hens. Similar characteristics comparable colour characteristics. The lowest SCI was established 
was exhibited by the chroma (С*). In 11 chicken genotypes laying in brown eggs (Rhode Island Red).
eggs with white (White Leghorn), cream-coloured, brown and blue-
green shells (probably Dongxiang), Li et al. (2006) reported 
comparable data. References

As could be expected form the herein presented colour 
characteristics, the shell colour index (SCI) was the highest in white Delchev H, Mitkov S and Bogdanov I, 1984. Production and 
eggs (White Leghorn) and the blue-green eggs which possessed veterinary expertise of the eggs. Sofia, Zemizdat, 26-27 (Bg).
similar characteristics (Schijndelaar). The lowest SCI was logically Lukanov H and Genchev A, 2012. Combining ability between B 
found in Rhode Island Red eggs. In crosses the SCI values as well and D lines of the Rhode Island breed as mother forms and 
as C* values were intermediate. Schijndelaar breed as male form. First stage. Ptitsevadstvo, 6,14-18 

(Bg).
Lukanov H, Petrov P and Gerzilov V, 2012. Possibilities of eggs 
producing with different colored eggshell under free-range and Conclusion
organic production. Ptitsevadstvo, 4, 6-9 (Bg).
Anonimous, 2006. Method OIV-MA-AS2-11: R2006. Determination Higher egg weights (р<0.001) were found in breeds selected 
of chromatic characteristics according to CIELab (Resolution Oeno intensively for this trait (Rhode Island Red and White Leghorn) 
1/2006) Type I Method. Compendium of International Analysis od compared to breeds in which the selection in this direction was not 
Methods- OIV Chromatic Charasteristics, 1-16.purposeful (Schijndelaar and Araucana). Egg weight had very weak 
Cavero D, Schmutz M, Icken W and Preisinger R, 2012. Attractive influence on egg parts – albumen and yolk (<1% of the total 

Table 5. Eggshell colour characteristics

Note: 1 – Schijndelaar (S) group; 2 – Araucana (A) group; 3 – White Leghorn (WL) group; 4 – Rhode Island Red (RIR) 
group; 5 – RIR x S group; 6 – WL x S group; 7 – WL x A group; 8 – RIR  group. < 0.05 < 0.01 < 0.001х А * р ; ** р ; *** р

Parameters
Control groups 

1 2 3 4 5 6 7 8

Experimental groups

L*

significant difference

a*

significant difference

b*

significant difference

C*

significant difference

SCI

significant difference

83.31±0.536

1:2,3,4,5,8***; 2:3,4,6,7,8***; 3:4,5,6,7,8***; 4:5,6,7,8***; 5:6,7,8***; 6:8***; 7:8***

 -3.13±0.196

1:2,3,4,5,6,7,8***; 2:3,4,5,8***; 3:4,5,6,7,8***; 4:5,6,7,8***; 5:8**; 5:6,7***; 6:8***; 7:8***

  5.11±0.632

1:6*; 1:7**; 1:2,3,4,5,8***; 2:3,4,5,6,7,8***;3:4,5,6,7,8***; 4:5,6,7,8***; 5:6,7,8***; 6:8***; 7:8***

  6.30±0.516

1:2,3,4,5,6,7,8***; 2:3,4,5,6,7,8***; 3:4,5,6,7,8***; 4:5,6,7,8***; 5:6,7,8***; 6:8***; 7:8***

81.33±1.168

1:2,3,4,5,8***; 2:3,4,5,6,7,8***; 3:4,5,6,7,8***; 4:5,6,7,8***; 5:6,7,8***; 6:8***; 7:8***

76.45±1.019

 -5.64±0.243

12.18±0.679

13.61±0.533

69.92±1.858

95.49±0.201

 -0.65±0.075

  1.20±0.138

  1.45±0.122

94.94±0.186

59.71±1.080

16.20±0.372

26.23±0.474

30.85±0.552

17.29±1.465

75.30±0.612

  1.53±0.265

16.43±0.591

16.54±0.604

57.34±1.348

84.38±0.421

 -5.64±0.135

  6.75±0.402

  8.83±0.387

83.27±0.595

83.28±0.505

 -5.37±0.148

  7.39±0.404

  9.20±0.359

81.27±0.814

63.83±0.422

  0.38±0.277

19.22±0.263

19.27±0.265

44.23±0.684

Table 4. Relationship between the Shape index and some quality characteristics of the egg contents

Shape Index, %

70 72 

73 75 

76 78 

> 78 

–

–

–

0.080±0.005

0.078±0.003

0.080±0.003

0.076±0.004

77.094±1.693

76.588±1.441

77.800±1.246

75.736±1.604

58.430±0.417

58.477±0.307

58.403±0.184

58.708±0.350

a0.438±0.007

0.442±0.004

0.458±0.005
b0.464±0.007

31.395±0.418
a31.415±0.263

31.036±0.195
b30.524±0.271

Albumen index Haugh units Egg whites share, % Yolk index Yolk share, %
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