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ABSTRACT 
A completely randomized experimental design for the three purposes to use egg diameter for volume and surface 

area calculation, and correlation with other inner and outer features of breeding hens, was performed. Eggs from 

light breeds (3 554), heavy breeds (1 011), and turquino breeds (2 537), 2-3, 7-8, and 10-11 months of laying, respec-

tively, were used (totaling 7 102 eggs). The values for volume calculation (Kv) were 0.531 and 0.527, for heavy and 

turquino breeds. The values for the surface area calculation (Ks) ranged between 2.885 and 2.866, for heavy and 

light breeds, respectively. The volumes achieved for heavy and turquino breeds were 52.46-57.11 mm3, respectively. 

Surface area ranged between 64.23 and 71.71 mm2. The yolk, white, and Haugh indexes showed significant differ-

ences (P < 0.05) for the three purposes, due to storage time before incubation. The results proved that the eggs stud-

ied for the three purposes of breeding chickens, generally have satisfactory inner and outer characteristics that guar-

antee incubation efficiency. 

Key words: eggs, breeding chickens, volume calculation, surface area calculation    

 

 

INTRODUCTION  
The poultry industry plays an important role as 

a source of protein to satisfy the public´s de-

mands, and new increases have been foreseen in 

the next years (FAO, 2012).  

World population will go from 7.2 billion to 9.6 

billion, by 2050, when meat and milk demands 

will grow 73 and 58%, respectively, regarding the 

2010 levels (FAO, 2011).  

In developing countries like Cuba, poultry ac-

tivities is a way to increase and improve human 

nutrition, because birds are highly productive, 

with fast breeding and high nutritional efficiency. 

Besides, the genetic selection and highly devel-

oped husbandry practices have increased meat and 

egg production efficiency (Boerjan, 2004 and 

Summer, 2004). Because of demand increases in 

poultry productions, and due to the expansion of 

markets, companies are seeking enhanced produc-

tion (Gil de los Santos et al., 2007; Ananikannda 

et al., 2007), and Afolabit et al., 2012). According 

to Iqbal et al., 2012), there are different methods 

to calculate egg volume and surface area, that can 

ensure incubation efficiency.  

The aim of this paper is to calculate volume and 

surface area based on egg diameter measure-

ments; as well as correlation with other outer and 

inner features in three purposes of breeding 

chickens. 

MATERIALS AND METHODS 
The eggs were collected at the hatchery for light 

breeding chickens, No. 19, Chile Libre; and at 

hatchery No. 31, Angola Libre, whose target is 

heavy breeding chickens, located on km 2 and km 

3, respectively north of Camaguey city, on 

Camino de la Matanza. Also included was hatch-

ery No. 14, Fabricio Ojeda, for turquino breeding 

chickens, on Callejón del Ganado, La Mosca, 

south of Camaguey city, all from the National 

Poultry Company. A completely randomized de-

sign was used. 

The samples were 2-3; 7-8; and 10-11 months 

of laying, with a total number of 7 102 eggs, dis-

tributed in light (3 554), heavy (1 011), and tur-

quino (2 537) breeding chickens. 

A 0.01 g accuracy scale was used for egg meas-

urements, and the volumes were estimated by 

dipping the egg in a 1 000 mL Erlenmeyer. A cal-

iper gauge was used to determine the smallest di-

ameter (SM) between the egg poles, and the 

greater diameter (GD) in the equator. 

The variables observed were egg weight, greater 

diameter (GD), shell thickness, porosity, height, 

and yolk and white diameters. 
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GD and SD measurements were made to deter-

mine the coefficient for the theoretical volume 

(Kv), and coefficient for surface area (Ks), ac-

cording to Narushin (2005), with these expres-

sions:  

Kv = 0.6057 - 0.0018 * (SD) 

Ks = 3.155 - 0.0136 * (GD) + 0.0115*(SD) 

Calculation of the theoretical volume (Vt) and 

surface area (S) were made by these expressions:  

Vt = Kv * (GD) * (SD)2 

S = Ks * (GD) * (SD) 

Shell thickness was measured in two spots of 

the egg: the equator and the pole mean, using a 

micrometer to achieve the mean value. 

Porosity was measured by submerging a square 

cm of the egg in a cobalt chloride solution at 10%, 

until the shell turned pink. Then the pores were 

counted using a micro stereoscope. 

For the Haugh indexes of white and yolk, the 

following equations were applied (López 1997): 

 Yoke index (YI) = yolk height/yolk di-

ameter.  

 White index (WI) = white height/white 

diameter.  

 Haugh units = 100 log (H + 7.75 -

 1.5 * W 0.37). 
Variance analysis and Tukey´s multiple mean 

comparison was performed to the variables stud-
ied (P< 0.05), using SPSS (version 18.0, 2012).  

RESULTS AND DISCUSSION 
The purposes had significant differences, the 

highest for the heavy, and the lowest for the tur-
quino breeding chickens. These results are slight-
ly higher than the reports by Narushin (2005). The 
variation coefficient is low, below the reports by 
the same author (1.41%).  

Moreover, Ks had significant differences, be-
tween 2 866 and 2 885 for heavy and light chick-
ens, respectively, with a slightly better behavior, 
above 2 854, according to Narushin (2005). The 
variation coefficient (4.44%) was also above the 
value reported by the same author (1.27%) (Table 
1).   

The values for the egg volume values had sig-
nificant differences, above the turquino chickens 
(57.11 cm), and below in the heavy chickens 
52.46 cm3). They were below 62.11 cm3, the low-
est value reported  by Sánchez (2014), when ana-
lyzing animals at the egg production line.  

The results achieved were within 52.0-70.4 cm3, 
coinciding with the values published by Narushin 

(2005). The turquino chickens were slightly above 
the range reported by Guerra (2006), whose vol-
umes (calculated by water displacement) had val-
ues of 44.87-54.61 cm3 for the normal types of 
eggs (round ovoid and small ovoid eggs) in light 
chickens. The other two types of breeding chick-
ens had values matching the author´s range, but 
higher than 40.33 and 41.13 cm3, reported by 
Vargas (2008).  

The values observed in turquino chickens were 
also higher than the 43.66 cm3 reported by Batista 
(2010) for the same type of chickens, and also 
higher than 53.78 cm3, for Leghorn layers. 

Analysis of the indicator for the three types of 
chickens revealed that turquino´s were higher; 
however, size was not the same, indicating the 
age of parent as the possible factor, also reported 
by Guerra (2006).  

Egg surface area had significantly different fig-
ures, between 64 and 68 cm2 (the highest for tur-
quino, with 71.71 cm2, and the lowest for the 
heavy chickens, with 64.23 cm2). The results from 
this paper matched the reports by Guerra (2006), 
thus indicating a seeming correspondence in the 
behavior of these indicators for the purposes stud-
ied. 

The surface area values achieved were similar 
to reports by Vargas (2008) and Sánchez, ranging 
between 66.66 and 71.16 cm2. The latter was low-
er than the 74.26 cm2 reported by Narushin 
(2005), and higher than the 57.78 cm2 ± 2.87, ac-
cording to reports by  Iqbal et al. (2012).  

Table 3 shows the results of variance analysis of 
thickness and porosity of the shell for the purpos-
es studied. Significant differences were observed 
in the purposes for each indicator, which suggest-
ed that they had some effects on the results of the 
parameters analyzed. 

Thickness had differences between the heavy 
(less thick), in relation to the turquino and light 
chickens, which were similar. These values 
matched others by Smith et al. (1998), and report-
ed by Castañeda et al. (2991) (0.33-0.36) in simi-
lar working conditions. 

The heavy chickens had similar values to the 
reports by Afolabi et al., (2012), between 0.34 
and 0.38 mm. 

Porosity had a different behavior among the 
purposes (the light chickens had the highest val-
ues, 160 pores/cm2). These figures were higher 
than the 120 and 150 pores/cm2 achieved by 
López et al., (1997), and Guerra (2006), which 
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were only observed in heavy chickens, whose 
values were 149 pores/cm2. 

Regarding shell thickness, the three purposes 
had adequate conditions. These favorable values, 
along with porosity indexes, pointed to normal 
gas exchange between the egg and the environ-
ment, during incubation, without affecting normal 
embryonic development. 

The mean yolk index showed that the purposes 
had different behaviors for P < 0.05 (Table 4).  
This indicator had been influenced by the storage 
time of eggs before incubation, especially if it oc-
curred at room temperature, as Sardá (1992) not-
ed, when he found yolk indicators in fresh eggs, 
of 0.49 mm, and at 4 or 5 days in optimum stor-
age conditions, 0.42. This value is close to the 
ones presented in this paper, and also similar to 
reports by Peruzzi et al. (2012) (0.35-0.34%) in 
similar conditions. However, these results were 
above the 0.13 and 0.20 mm observed by Afolabi 
et al. (2012). The difference may be influenced by 
egg freshness, because they are known to reduce 
height and increase yolk diameter overtime 
(Guerra, 2006). Furthermore, Mróz et al (2004) 
reported values of 0.42-0.48 mm that coincide 
with the ones achieved in this paper, except for 
light hens. 

No significant differences were observed among 
the purposes for the white (0.07-0.11 mm). These 
results were reported as optimum by López et al. 
(1997), and were higher than the ones reported by 
Sardá (1992), but in storage conditions at room 
temperature, for 7 days. López (1991) highlighted 
that this indicator is one of the most important 
ones in terms of internal quality, which is more 
quickly affected than the yolk index, particularly 
when the storage conditions are not the ideal 
ones; it was later demonstrated by Sardá (1992).   

Table 4 also describes the Haugh units, with 
significant differences among the purposes stud-
ied. It does not coincide with the results reported 
by Brenes (1993), whose values ranged between 
85 and 87%, except for the breeding chickens. 
Likewise, Stephenson et al. (1999) reported val-
ues of 83.1-86.1%.  

The value of Haugh units tends to decrease due 

to egg weight increase at the laying curve, in rela-

tion to the equation for the estimation of those 

units. In this paper, the purposes had significant 

differences. The heavy and turquino breeds had 

low values, but the light breed did not, according 

to criteria by Guerra (2006), who observed mini-

mum values of 87%, by studying 3 of the six 

types of eggs. Although they are slightly inferior 

to the values found in this experiment, they are 

superior to reports by Monira et al. (2003).  

CONCLUSIONS 
The results of this study proved that the eggs 

studied for the three purposes of breeding chick-

ens had satisfactory inner and outer characteristics 

that guaranteed incubation efficiency. 

REFERENCES  
ABANIKANNDA, O. T.; OLUTOGUN, F. O.; LEIGH, A. O. 

y AJAYI, L. A. (2007). Statistical Modeling of Egg 

Weight and Egg Dimensions in Commercial Lay-

ers. Ibadan, Nigeria: Department of Zoology, La-

gos State University, Department of Animal Sci-

ence. 

AFOLABI, K. D.; AKINSOYINU, A. O.; OMOJOLA, A. B. 

y ABU, O. A. (2012). The Performance and Egg 

Quality Traits of Nigerian Local Hens Fed Varying 

Dietary Levels of Palm Kernel Cake with Added 

Palm Oil. Poultry Science Res., 21, 588-594. Re-

trieved on DEcember 8, 2014, from  

http//kaydafl@yahoo.com. 

BATISTA, Y. (2010). Cálculo del volumen y la superfi-

cie de huevos a partir de sus diámetros en Turqui-

nos y White Leghorn (L32). Cuba: Empresa Avíco-

la de Camagüey y Universidad de Camagüey, 

Cuba. 

BOERJAN, M. (2004). Single Stage Incubation is the 

Most Natural Choise. World Poultry, 20 (7), 18-20. 

BRENES, A. (1993). Effect of beta-

glucanase/Pentaosanase Enzyme Suplementation 

on the Performance of Chickens and Laying Hens 

fid Wheat, Barley, Naked Oats and Rye Diets. 

Canadá: Department of Animal Science, University 

of Manitoba. 

CASTAÑEDA, P.; ÁVILA, A. y ESQUIVEL, J. (2001). 

Efecto de altos niveles de hierro adicionados a la 

dieta de reproductoras ligeras sobre parámetros 

productivos e incubabilidad. Memorias del XVII 

Congreso Latinoamericano de Avicultura, Guate-

mala. 

FAO (2002). Practical Poultry Raising. Poultry Hus-

band, Marketing and Finace. Agriculture C.D. 

Peace Corp. Information collection & Exchance. 

FAO (2011). Livestock in Food Security. World Live-

stock. Roma: FAO. 

FAO (2012). Food Outlook. Rome: Trade and Market 

Division of FAO. 

GIL DE LOS SANTOS, J. R.; FORNARI, C. M. y TÉO, M. 

A. (2007). Influência da qualidade da casca do ovo 

sobre índices de produtividade de um incubatório 

industrial. Ciência Rural, Santa Maria, 37 (2), 524-

527. 

mailto:kaydafl@yahoo.com


Volume and Surface Area Calculation based on Measurements of Egg Diameter, and Correlation with Other Inner and 
Outer Features for Three Purposes of Breeding Chickens 

Journal of Animal Production, 28 (2) ,  p a g e s  3 3 - 3 8 ,  2016 

GUERRA, L. (2006). Potencial productivo de los hue-

vos de gallina reproductoras White Leghorn clasi-

ficados como no aptos por su peso y forma. Tesis 

de doctorado en Ciencias Veterinarias, Camagüey, 

Cuba. 

IQBAL, A.; AKRAM, M.; SAHOTA, A. W.; JAVED, K.; 

HUSSAIN, J.; SARFRAZ, Z. y MEHMOOD, S. (2012). 

Laying Characteristics and Egg Geometry of Four 

Varieties of Indigenous Aseel Chicken in Pakistan. 

J. Anim. Plant Sci, 22 (4), 848-852. 

LÓPEZ, A.; PINILLOS, M. y PÉREZ. E. (1997). Manual 

de teoría, cría y explotación de las aves. (tomo II). 

La Habana, Cuba: ISCAH. 

MONIRA, K. N.; SALAHUDDIN, M. y MIAH, G. (2003). 

Effect of Breed and Holding Period on Egg Quality 

Characteristics of Chicken. International Journal of 

Poultry Science, 2 (4), 261-263. 

MRÓZ, E., STĘPIŃSKA, M. y KRAWCZYK, M. (2014). 

Morphology and chemical composition of turkey 

eggs. The Journal of Applied Poultry Research, 23 

(2), 196-203. 

NARUSHIN, V. (2005). Production, Modeling, and Edu-

cation Egg Geometry Calculation using the Meas-

urements of Length and Breadth. Poultry Science, 

84, 482-48. 

PERUZZI, N. J.; SCALA, N. L.; MACARI, M.; FURLAN, 

R. L.; MEYER, A. D.; FERNÁNDEZ-ALARCON, M. 

F.; KROETZ, F. L. y SOUZA F. A. (2012). Fuzzy 

Modeling to Predict Chicken Egg Hatchability in 

Commercial Hatchery. Production, Modeling, and 

Education. Poultry Science, 91, 2710-2717. Re-

trieved on November 18, 2014, 

fromhttp://dx.doi.org/10.3382/ps.2011-01878. 

SÁNCHEZ, A. (2014). Comportamiento del volumen 

teórico y las superficies del huevo en reproductores 

ligeros. Cuba: Empresa Avícola de Camagüey yU-

niversidad de Camagüey. 

SARDÁ, R. (2005). Calidad de los huevos para la incu-

bación. Curso de postgrado, Camagüey, Cuba. 
SMITH, M.; RODRÍGUEZ, J.; y COLLIN, L. (1998). Nive-

les de energía y proteína, para aves reproductoras 

ligeras. Revista Cubana de Ciencias Avícolas, 22 

(2), 163-168. 

SPSS. (2012). Statistical Package for Social Sciences 

(v. 18.0). EE.U. 

STEPHENSON, P.; MAYER, J. y DAVIS, M. (1999). 

Maintaining Quality in Fertile and Infertile Hen 

Eggs. Rev. World Poultry, 15, 9, 15. 

SUMMERS, J. (2004). El increíble huevo. Revista Avi-

cultura profesional, 22 (1), 24-26. 

UECAN (2003). Instructivo técnico de tecnología de 

crianza y regulaciones sanitarias generales de re-

productores ligeros y sus reemplazos. Cuba: Insti-

tuto de Investigaciones Avícolas, MINAGRI. 

VARGAS, J. (2008). Caracterización y comportamiento 

incubatorio de huevos clasificados como “no ap-

tos” por su peso y forma procedentes de reproduc-

toras ligeros, semirrústico y pesados en Camagüey, 

Cuba. Tesis de doctorado en Medicina Veterinaria 

y Zootecnia. 

.

 

Received: 1-22-2016 

Accepted: 2-1-2016 

 

 
Table 2. Results of volume and surface area calculations for the study purposes 

Purpose 

Breeding chickens 

V (mm3) S (mm2) Sig. 

Mean  E:T Cov (%) Mean  E:T Cov (%) 

Light   52.68a 0.266 24.548 67.63a 0.529 23.939 

* Turquino    57.11 b 71.71b 

Heavy   52.46 c 64.23 c  

Different superscript letters on the parameters indicate significant differences for P < 0.05, acording to Tukey    

Table 1. Results of volume (Kv) and surface area (Ks) coefficient calculations for the purposes studied                              

(Kv) 

Purposes or breeding hens               Kv Cov (%) Ks Cov (%) 

Mean           ET Mean           ET 

Light   0.530a 0.000068 0.84 2.885 a 0.002637 4.44 

Turquino    0.527b 2.884b 

Heavy    0.531c 2.866c 

General 0.529 2.881 

Significance       * * 

Different superscript letters on the parameters indicate significant differences for P < 0.05, acording to Tukey 
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Table 3. Results of other outer characteristics of shell, for the purpose                 

Characteristic              Breeding chickens 

Light   

Breeding chickens 

Turquino 

Breeding chickens 

heavy    

ET Sig 

Shell  

thickness  (mm) 
0.36a 0.36 a 0.33b 0.0008 * 

Porosity  

pores/cm2 160 a 158b 149c 0.22 * 

Different superscript letters on the parameters indicate significant differences for P < 0.05, acording to Tukey  

 

 

 

 

 

 

 

 

 

 
Table 4. Results of inner egg quality for the purposes studied   

Characteristic              Breeding chickens 

Light   

Breeding chickens 

Turquino    

Breeding chickens 

Heavy    

ET Sig 

White index            0.41a 0.42b 0.43c 0.064 * 

White index      0.08 0.07 0.07 0.001 ns 

Hatcheries  

Haugh 
86.3 a 69.4b 73.3c 

0.17 * 

Different superscript letters on the parameters indicate significant differences for P < 0.05, acording to Tukey               

 


