
ISSN 1313 - 8820
Volume 6, Number 2

June 2014

2014



Scope and policy of the journal
Agricultural Science and Technology /AST/ 
– an International Scientific Journal of 
Agricultural and Technology Sciences is 
published in English in one volume of 4 
issues per year, as a printed journal and in 
electronic form. The policy of the journal is 
to publish original papers, reviews and 
short communications covering the 
aspects of agriculture related with life 
sciences and modern technologies. It will 
offer opportunities to address the global 
needs relating to food and environment, 
health, exploit the technology to provide 
innovative products and sustainable 
development. Papers will be considered in 
aspects of both fundamental and applied 
science in the areas of Genetics and 
Breeding, Nutrition and Physiology, 
Production Systems, Agriculture and 
Environment and Product Quality and 
Safety. Other categories closely related to 
the above topics could be considered by 
the editors. The detailed information of the 
journal is available at the website. 
Proceedings of scientific meetings and 
conference reports will be considered for 
special issues.

Submission of Manuscripts

All manuscripts written in English should 
be submitted as MS-Word file attachments 
via e-mail to editoffice@agriscitech.eu. 
Manuscripts must be prepared strictly in 
accordance with the detailed instructions 
for authors at the website 
www.agriscitech.eu  and the instructions 
on the last page of the journal. For each 
manuscript the signatures of all authors 
are needed confirming their consent to 
publish it and to nominate on author for 
correspondence.
They have to be presented by a 
submission letter signed by all authors. 
The form of the submission letter is 
available upon from request from the 
Technical Assistance or could be 
downloaded from the website of the 
journal. Manuscripts submitted to this 
journal are considered if they have 
submitted only to it, they have not been 
published already, nor are they under 
consideration for publication in press 
elsewhere. All manuscripts are subject to 
editorial review and the editors reserve the 
right to improve style and return the paper 

for rewriting to the authors, if necessary. 
The editorial board reserves rights to reject 
manuscripts based on priorities and space 
availability in the journal.
The journal is committed to respect high 
standards of ethics in the editing and 
reviewing process and malpractice 
statement. Commitments of authors 
related to authorship are also very 
important for a high standard of ethics and 
publishing. We follow closely the 
Committee on Publication Ethics (COPE),
http://publicationethics.org/resources/guid
elines
The articles appearing in this journal are 
indexed and abstracted in: EBSCO 
Publishing, Inc. and  AGRIS (FAO).
The journal is accepted to be indexed with 
the support of a project № BG051PO001-
3.3.05-0001 “Science and business” 
financed by Operational Programme 
“Human Resources Development” of EU. 
The title has been suggested to be 
included in SCOPUS (Elsevier) and 
Electronic Journals Submission Form 
(Thomson Reuters).

Address of Editorial office:
Agricultural Science and Technology 
Faculty of Agriculture, Trakia University 
Student's campus, 6000 Stara Zagora 
Bulgaria
Telephone.: +359 42 699330

+359 42 699446
www.agriscitech.eu

Technical Assistance:
Nely Tsvetanova
Telephone.: +359 42 699446
E-mail: editoffice@agriscitech.eu

Editor-in-Chief

Tsanko Yablanski
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria

Co-Editor-in-Chief

Radoslav Slavov
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria

Editors and Sections

Genetics and Breeding

Atanas Atanasov (Bulgaria)
Nikolay Tsenov (Bulgaria)
Max Rothschild (USA)
Ihsan Soysal (Turkey)
Horia Grosu (Romania)
Bojin Bojinov (Bulgaria)
Stoicho Metodiev (Bulgaria)

Nutrition and Physiology

Nikolai Todorov (Bulgaria)
Peter Surai (UK)
Zervas Georgios (Greece)
Ivan Varlyakov (Bulgaria)

Production Systems

Dimitar Pavlov (Bulgaria)
Bogdan Szostak (Poland)
Dimitar Panaiotov (Bulgaria)
Banko Banev (Bulgaria)
Georgy Zhelyazkov (Bulgaria)

Agriculture and Environment

Georgi Petkov (Bulgaria)
Ramesh Kanwar (USA)
Martin Banov (Bulgaria)

Product Quality and Safety

Marin Kabakchiev (Bulgaria)
Stefan Denev (Bulgaria)
Vasil Atanasov (Bulgaria)

English Editor

Yanka Ivanova (Bulgaria)



2014

ISSN 1313 - 8820 Volume 6, Number 2
June 2014





Egg quality traits in layers from different production types 

H. Lukanov*

Department of Animal Science – Nonruminants and Other Animals, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. Egg quality traits have been investigated in chickens from different production types, namely egg-laying breeds or breeds interesting from the point 
of view of genetic diversity maintenance. In this research, studied eggs were produced by 50-week-old layers from the following breeds: Rhode Island Red, 
Rhode Island White, Starozagorska Red,  Schijndelaar, White Leghorn and Black Shumen chicken. The studied egg traits were egg weight (g), egg shape 
index, albumen index, Haugh units, yolk index, yolk colour (Roche), eggshell weight (g) and average eggshell thickness (µm). Among the tested breeds, the 
eggs of Rhode Island White line D were with the highest weight: 63.3±0.77 g. White Leghorn eggs were with the highest albumen index:  9.07±0.23 and Haugh 
units: 83.13±0.98. The greatest eggshell thickness had eggs of Rhode Island White line D (422.98±6.26 µm).

Keywords: egg quality, egg weight, egg indices, Haugh units, biodiversity
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Introduction branch.
Mincheva et al. (2011) have studied the morphological traits of 

eggs laid by chickens breeds maintained by the National Gene In modern egg laying poultry farming, the production of hybrids 
Fund. The Black Shumen chickens (line ChS) had the lowest egg is based on two main breeds – White Leghorn for production of white 
weight  45.9 g. The authors established also high eggshell weight in eggs and Rhode Island for production of brown eggs (Delany, 2004; 
line D (7.48 g), which corresponded to the highest proportion of Davita et al., 2009). These highly productive hybrids have gained 
eggshell from egg weight in this group – 12.99%. In Black Shumen worldwide popularity but limit to a significant extent the genetic 
chickens, the authors established the lowest proportion of the resources in the field of egg laying poultry husbandry (
eggshell vs the egg weight (5.94%). Similar data on morphometric Muir and Aggrey, 2003). Another negative effect associated with 
egg traits in organically reared chickens from the National Gene genetic diversity in chickens is the concentration and reduction of 
Fund were reported by Gerzilov (2011). Petrov et al. (2011) have world breeders. So far, a large number of breeds and breed groups 
studied some egg quality traits in Black Shumen chickens. Lalev et are irrevocably lost while many others are at critical status (Delany 
al. (2010) reported data about egg morphology of Rhode Island lines and Pisenti, 1998; )
B and D, as well as of other egg-laying and meat-type strains. The last two decades witness an increased pressure for 

Santosh et al. (2006) compared some morphometric indicators improving the rearing conditions and welfare of poultry from the part 
in White Leghorn and dual-purpose Vanaraja chicken, where the of nature conservation, consumer and ecological organisations. 
White Leghorn eggs weighed 54.29 ± 0.73 g, shape index is 73.55 ± With this regard, Directive 1999/74/ЕC has been issued to restrict 
0.52, shell thickness- 0.342 ± 0.015 mm, albumen index- 8.4 ± 0.3, the use of cage systems for laying hens in EC member states 
yolk index- 36.5 ± 0.7 and Haugh unit- 81.85 ± 1.42 respectively. The (Anonymous, 1999). This change in production systems for layers 
following parameters of the indicators were found in different old and replacement of cages with alternative systems would probably 
White Leghorn productive strains: egg weight from 58.57 to 63.88 g, result in different requirements to chickens' genotype and difficulties 
shell weight from 5.28 to 5.84 g, shell thickness from 0.46 to 0.47 mm for providing a proper welfare level. 
and Shape Index from 71.54 to 74.76 respectively (Anderson et al., In agreement with global trends, the two Bulgarian chicken 
2004). Durmus ̧ et al. (2010) investigated some qualitative breeds Black Shumen and Starozagorska Red are at critical status. 
characteristics of the Rhode Island Red line as egg weight (61.89 g), Another breed included in the present study is among the rarest in 
egg shell thickness (0.31 mm), shape index (78.8), Haugh unit the world – the Holland breed Schijndelaar. The exhibition type 
(82.21), albumen index (8.45) and yolk index (46.09).White Leghorn, Rhode Island line B and line D are also endangered. 

The purpose of the present study was to investigate egg quality By present, these breeds are not relevant to industrial poultry 
traits in chickens from different genotypes, relatively assigned to two farming, but still have a potential for use in semi-intensive and 
production types. extensive conditions. The possibility for producing organic eggs and 

eggs of non-standard colour should not be rejected. Despite the 
increased urbanisation, the backyard poultry production would still 
remain important in the future (Alders and Pym, 2009; Mc Leod et al., Material and methods
2009). With regard to the aforementioned facts, the preservation of 
valuable chicken populations in their original state by national gene The experiment was conducted with 6 groups of chickens under 
funds is exceptionally important. The efforts for maintaining genetic a semi-intensive production system in 2013. The birds were reared 
diversity in poultry industry would provide appropriate genetic according to technological requirements on deep litter and walk 
material in cases of future changes in the development of this yards.  Chickens were fed a commercial compound feed for egg 

Delany, 2003; 

Ruane, 1999; Delany, 2003
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layers second stage, produced by “Rositsa” Forages  Pavlikeni, diameter of thick albumen by means of calliper and albumen height 
containing: metabolisable energy  2700 kcal/kg; crude protein (by micrometer) and the formula:
16.00%; crude ash 2.50%;  crude fibre 5.90%; calcium 4.00%; AI (%) = [h/(d+D)/2]x100 (2)
phosphorus 0.72%; lysine 0.72%; methionine + cysteine 0.63%; where AI is albumen index, h is albumen height (mm), d is short thick 
threonine 0.50% tryptophan 0.18%. The morphological analysis of albumen diameter (mm), and D is long thick albumen diameter 
eggs was performed at the Poultry section, Department of Animal (mm);
Science – Nonruminants and Other Animals, Faculty of Agriculture, · Haugh units, according to the formula:
Trakia University, Stara Zagora. HU = 100x log(h – 1,7w0,37 + 7,6) (3)

The chickens in each group were 50 weeks of age. Three of the where HU is Haugh units; h is thick albumen height (mm), and w is 
groups produced brown eggs and could be referred to as dual- egg weight (g);
purpose type chickens. The other three groups were light-type and · Yolk index, by measuring yolk diameter by means of calliper 
produced eggs of different colour. Two groups (termed A and B) and yolk height (micrometer AMES) and the formula:
consisted of purebred Rhode Island Red and Rhode Island White YI (%) = (h/D)x100 (4)
(line B and Line D), maintained by the National Gene Fund and where YI is yolk index, h is yolk height (mm), and D is yolk diameter 
kindly provided by the Institute of Agriculture, Stara Zagora. The third (mm);
group (C) comprised Starozagorska Red chickens, also from the · Yolk colour, using the La Roche Yolk Colour Fan.
National Gene Fund. The fourth group (D) was from the Schijndelaar · Eggshell weight (g) and eggshell percentage from the total 
breed, laying green eggs. The fifth group (E) consisted of White egg weight (%), using calibrated digital scales with precision of 
Leghorn hens, producing white eggs. The last group (F) was from 0.01g;
Black Shumen hens, also from the National Gene Fund. · Average eggshell thickness (µm), by means of micrometer 

For the purposes of the study, 30 eggs from each group were with precision of 0.0001 mm, average of three measurements – blunt 
morphologically investigated. The following traits were determined edge, equator and pointed edge;
for each egg: The statistical processing of data was done in the environment 

· Egg weight (g), on calibrated digital scales with precision of of Microsoft Excel, 2010.
0.01g;

· Shape index (%), by measuring the long and short egg 
diameters by means of technical calliper gauge and calculation by 

Results and discussionthe formula: 
SI (%)= (d/D)x100 (1)

Table 1 presents the statistical analysis of data from egg quality where SI is shape index, d is short egg diameter, D is long egg 
traits in the studied six chicken breeds/strains. The heaviest eggs diameter (mm); 
were those of Rhode Island White line D 63.3±0.77 g. The lowest · Albumen index (%), by measuring the long and short 

Table 1. Quality characteristics of eggs, obtained from various breeds/strains of Gallus gallus domesticus.

The groups are identified with A, B, C, D, E and F: Rhode Island Red (B line), Rhode Island white mutation (D line),
Starozagorska Red, Schijndelaar, White Leghorn and Black Shumen chicken.
* р< 0.05, ** р< 0.01, *** р< 0.001

Parameters

Egg weight, g

Shape index, %

Albumen index, %

Haugh units

Yolk index

Yolk colour by

La Roche

Shell weight, g

Shell as a per cent

of egg weight, %

Shell thickness, µm

60.42 ± 1.16

76.1 ± 0.48

5.21 ± 0.3 7.45 ± 0.23 6.81 ± 0.46

АB***; AC**; AD***; AE***; AF***; BE***; CE***; DE***; EF***

7.68 ± 0.22 9.07 ± 0.23 7.18 ± 0.24

63.2 ± 2.04 77.8 ± 1.24 72.63 ± 1.97

AB***; AC***; AD***; AE***; AF***; BC*; BE***; CD*; CE***; DE***; EF***

77.6 ± 1.17 83.13 ± 0.98 74.93 ± 0.99

42.79 ± 0.33 44.73 ± 0.39 45.08 ± 0.48

AB***;AC***;AD***;AE**;AF***;DE*;EF*

45.47 ± 0.45 44.22 ± 0.33 45.48 ± 0.46

12 ± 0.08

6.62 ± 0.12

398.55 ± 5.91 422.98 ± 6.26 395.16 ± 7.07

AB**; AD*; AF***; BC**; BD***; BE***; BF***; CF**; DE*; EF***

378.4 ± 6.5 394.58 ± 4.09 368.16 ± 5.54

10.94 11.92 11.36 12.1 12.08 10.14

7.55 ± 0.12 6.64 ± 0.13

AB***; AD***; AE**; AF***; BC***; BD***; BE*; BF***; CD***; CE*; CF***; DE***; EF***

5.37 ± 0.07 7.11 ± 0.17 5.5 ± 0.09

12.1 ± 0.09 12.26 ± 0.08

AC*; AE***; AF***; BE***; BF***; CD*; CE***; CF***; DE***; DF**;

12 ± 0.09 11.46 ± 0.1 11.66 ± 0.08

63.3 ± 0.77

75.84 ± 0.44 75.82 ± 0.44

АE**; BE***; CE***; EF**

77.54 ± 0.77 77.97 ± 0.36 75.51 ± 0.67

58.42 ± 0.8

АD***;AF***;BF***;BC***;BD***;BE***;CD***;CF***;DE***; DF***;EF***

44.36 ± 0.29 58.82 ± 0.92 54.24 ± 0.68

A 
Mean ± SEM

B 
Mean ± SEM

C 
Mean ± SEM

D 
Mean ± SEM

E 
Mean ± SEM

F 
Mean ± SEM
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egg weight was observed for the Schijndelaar breed (44.36±0.29 g). 11.92 g and 11.94 g respectively.
The other breeds were in an intermediate position, with high degree Rhode Island White had the thickest eggshells (422.98±6.26), 
of statistical significance. Our data for egg weights of chicken breeds whereas Black Shumen eggs  the thinnest (368.16±5.54; p<0.001). 
maintained in the National Gene Fund are higher than those The eggs produced by hens of the Schijndelaar breed had the lowest 
reported by Mincheva et al. (2011) and Gerzilov (2011). The trend of weight, but their shell thickness had close values with other breeds 
the higher egg weight in line D compared to B line, indicated by with a significantly large eggs. This indicator is significantly affected 
Gerzilov (2011), also remains in our study. In the White Leghorn egg by the rearing conditions and nutrition, physiological state of the 
weight, found by us is in the range, represented by Anderson et al. birds and climatic parameters and it is not correct to make 
(2004) in several productive old lines of the breed. The weight of the comparison between different studies.
eggs in Shumen chicken  is significantly higher than the data 
presented by Mincheva et al. (2011) and Petrov et al. (2011).

The values of egg shape index were similar for all six 
Conclusionbreeds/lines. The highest values were observed in White Leghorn 

and Schijndelaar  77.97±0.36 and 77.54±0.77. The other breeds 
Among the tested breeds, the eggs of Rhode Island White line D exhibited comparable values ranging from 75.51±0.67 in Black 

were with the highest weight, while those of Schijndelaar chickens Shumen chickens to 76.1±0.48 in Rhode Island Red line B. Our data 
with the lowest: 63.3±0.77 g and 44.36±0.29 g respectively (р< of this quality indicator for the Starozagorska red hen, line B and line 
0.001). White Leghorn eggs were with the highest albumen index D of the Rhode Island breed are close to those presented by 
(9.07±0.23) and Haugh units (83.13±0.98). Schijndelaar breed laid Mincheva et al. (2011) and Gerzilov (2011). In contrast to the results 
eggs with the highest relative eggshell weight (12.1%) whereas presented by Santosh et al. (2006) and Anderson et al. (2004), White 
Black Shumen hens showed the lowest relative eggshell percentage Leghorn group in our study had a significantly higher value for the 
(10.14%). The greatest eggshell thickness had eggs of Rhode Island Egg shape index (77.97 ± 0.36). Durmus ̧ et al. (2010) establish 
White line D 422.98±6.26 µm.higher values on this indicator in Rhode Island Reds.

Line D of the white mutation in Rhode Island breed could Albumen index was rather different among the tested breeds. 
successfully be used as a corrector of egg mass and thickness of the The highest albumen index was demonstrated in White Leghorn 
shell in the establishment of maternal parental forms- carriers of the eggs (9.07±0.23), whereas statistically significantly lowest – in 
sex-linked silver gene to create autosexing egg layers. The role of Rhode Island Red line B (5.21±0.3; p<0.001). As anticipated, Hough 
the Schijndelaar breed would be basically as a "donor" of the units repeated the tendencies shown by the albumen index with 
valuable O gene for inheritance of the blue-green egg shell color, statistically significant differences, The highest average Haugh unit 
taking into account and its low productivity. In the White Leghorn, value of 83.13±0.98 was observed in White Leghorn, and the lowest 
Schijndelaar and line B of the Rhode Island Red breed, it was – in Rhode Island Red (63.2±2.04). For these two indicators in line B 
observed slightly rounded shape of the eggs, compared to the and D of the Rhode Island breed and  Starozagorska Red hen our 
perfect ovoid shape, with an index a little bit more than the results are considerably lower by those presented by Gerzilov 
recommended 73 – 75, which is a prerequisite for a higher percent-(2011), probably due to different climatic conditions in the 
age of cull eggs. implementation of those two tests. Similar differences can be 

Among the various productive types of hens there is a great observed in the results presented by Durmus ̧et al. (2010) for Rhode 
variation in following indicators: egg weight, Albumen index, Hough Island Reds. The season of testing is essential in these two 
units and relative weight of the shell. Similar indicative differences indicators, the time and temperature of storage of the eggs and it is 
does not found in Yolk index, Yolk color and egg shell thickness.hard to make  comparison between the different data, especially in 

birds kept in free range condition.
Yolk index had a maximum value in Black Shumen and 

AcknowledgementsSchijndelaar  45.48±0.46 and 45.47±0.45, respectively, while 
Rhode Island Red hens exhibited the lowest yolk index 
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Animal welfare
Studies performed on experimental 
animals should be carried out according to 
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animal welfare. That should be clearly 
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