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Abstract 
 

The aim of this study is to investigate the effects of the egg shape index on egg quality traits in Partridge 
(Alectoris Chukar). For this purpose, the eggs were classified as three different groups in terms of egg shape 
index which are ≤ 75, < 76 -77 > and ≥ 78 and 114, 56 and 73 eggs were used in the groups, respectively. Albumen 
ratio, albumen weight, yolk weight, yolk/albumen ratio and Haugh unit were significantly affected by egg shape 
index in this research. On the other hand, egg weight, egg volume, shell surface area, eggshell thickness, unit 
surface eggshell weight, shell ratio, albumen index, yolk index, yolk ratio and eggshell weight traits were not 
affected by egg shape index. It was determined that there was a significant relationship between egg shape 
index and albumen ratio, albumen weight, yolk weight, yolk/albumen ratio and Haugh unit in this study. 
According to the findings, eggshape index is an important factor affecting egg quality.  
 

Keywords: alectoris chukar, egg, egg quality traits, egg shape index, correlation 
 
 

Kınalı Kekliklerde Yumurta Şekil İndeksinin Yumurta Kalitesine Etkileri 
 

Özet  
 

Bu araştırmada, Kınalı Kekliklerde (Alectoris Chukar) yumurta şekil indeksinin yumurtanın iç ve dış kalite 
özelliklerine olan etkilerinin belirlenmesi amaçlanmıştır. Bu amaçla, yumurtalar şekil indeksi bakımından ≤ 75, < 
76 -77 > ve ≥78 olmak üzere üç farklı gruba ayrılmıştır ve gruplarda sırasıyla 114, 56 ve 73 adet yumurta 
kullanılmıştır.  Araştırmada ak oranı, ak ağırlığı, sarı ağırlığı, sarı-ak oranı ve Haugh birimi yumurta şekil indeksi 
tarafından önemli derecede etkilenmiştir. Buna karşın, yumurta ağırlığı, yumurta hacmi, kabuk yüzey alanı, 
kabuk kalınlığı, birim yüzey kabuk ağırlığı, kabuk oranı, ak indeksi, sarı indeksi, sarı oranı ve kabuk ağırlığı 
özellikleri yumurta şekil indeksi tarafından etkilenmemiştir. Yumurta şekil indeksi ile ak oranı, ak ağırlığı, sarı 
ağırlığı, sarı/ak oranı ve Haugh birimi arasından önemli ilişki olduğu belirlenmiştir. Bulgulara göre, yumurta şekil 
indeksi yumurta kalitesini etkileyen önemli bir faktördür. 
 

Anahtar Kelimeler: kınalı keklik (alectoris chukar), yumurta, yumurta kalite özellikleri, yumurta şekil indeksi, 
korelasyon  

  

https://doi.org/10.54370/ordubtd.996530
mailto:sezaialkan61@gmail.com
mailto:sezaialkan61@gmail.com
https://orcid.org/0000-0003-0601-0122
https://orcid.org/0000-0003-3125-6810


Ordu Üniversitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology            2021; 11(2): 140-151 

141 
 

Introduction 

There are many breeds of partridge, both wild and domesticated, in the world, and the most commonly 
used partridge in commercial production is Alectoris Chukar. Since partridge is a seasonal poultry 
species, the egg laying period is short. The spawning period starts in the spring season when the 
weather starts to warm up and ends at the end of the summer season when the weather starts to cool 
(April-August). Partridges grown in intensive conditions begin to reach sexual maturity at the age of 
approximately 16 weeks. However, the age of sexual maturity in the wild ranges from 8 to 12 months, 
as partridges hatch in spring and summer. Therefore, both the late age to start spawning and the short 
spawning period cause the products obtained from partridges to be more valuable (Alkan et al., 2007; 
Sarıca et al., 2003;). Partridges play an important role in maintaining the natural balance by eating 
maggots, insects, and even harmful grasses that harm plants cultivated by humans, such as wheat, 
barley and oats. Although Turkey is rich in geographical areas where partridges can live, the number 
of partridges is not at the desired or expected level. Although there are many reasons for this situation, 
the most important reasons are uncontrolled and unconscious hunting, destruction of habitats, 
excessive agricultural spraying, and fertilization, and problems in the protection of local gene resources 
(Alkan et al., 2007; Alkan et al., 2008; Çetin et al., 2000; Günlü et al., 2001). 

Today, economically it is very important to expand and develop hunting tourism, as well as mountain 
tourism, which has started to develop in the Aegean and Mediterranean regions, which are close to 
tourism regions, and in the Black Sea region as well in recent years. For this purpose, depending on the 
increasing number of tourists, the efforts to diversify and extend tourism over longer periods should 
be accelerated and these studies should be concluded as soon as possible. In addition to health, 
congress, spa, and winter tourism, hunting tourism should be included among the touristic activities. 
Partridges have an important place in hunting tourism in terms of providing material. Particular 
attention should be paid to partridge breeding in settlements in and around the forest, and efforts 
must be accelerated to increase the economic income from partridges for the people living there. In 
this way, the negative influence of these people living in or near the forest can be reduced (Günlü et 
al., 2001). 

Egg shape index is the ratio of egg width to length and is an important criterion used to determine egg 
quality. The ideal shape index for hatching and commercial eggs is 74. Eggs with a shape index greater 
than 76 are round, those between 72-76 are normal, and those with a shape index less than 72 are 
elongated. Round and elongated eggs are weak-looking and not particularly suitable for egg trays. 
During the transportation of this type of eggs, more broken-cracked egg problems occur compared to 
the transportation of normal shaped eggs (Alkan et al., 2016; Türkoğlu & Sarıca, 2014). 

In this study, the aim was to determine the relationship between the effects of shape index on internal 
and external quality traits and egg quality traits in Partridge (A. Chukar) eggs. 

Materials and Methods  

Materials 

Partridge were fed with a diet containing 2850 kcal/kg metabolic energy and 24% crude protein during 
chick period, and 2800 kcal/kg metabolic energy and 21% crude protein during the growing and laying 
period ad libitium, while unlimited water was supplied until the end of the experiment (Table 1). 
Partridges aged 40-48 weeks were used in this study. Eggs obtained in between May and June were 
used in the study which were kept at room temperature for 24 hours without being examined for their 
internal and external quality traits.  
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 Table 1. Composition and Calculated Content of Main Nutrients in The Diet 

 Methods 

The eggs were classified as three different groups in terms of egg shape index which are ≤ 75, < 76 -77 
> and ≥ 78. For these groups, 114, 56 and 73 eggs were used, respectively (Alkan et al., 2016; Türkoğlu 
& Sarıca 2014). After being numbered, the eggs were weighed using an electronic balance with an 
accuracy of 0.01 g. The width and length of the eggs were measured with a digital caliper with a 
precision of 0.01 mm. Then, the eggs were broken one by one on a glass table and the yolk height and 
albumen height were measured with a tripod micrometer with a precision of 0.01 mm while a digital 
caliper with a sensitivity of 0.01 mm was used for measuring yolk diameter, albumen length and 
albumen width. The yolk was separated from the egg albumen with a spoon and weighed. The albumen 
weight was calculated by subtracting the yolk and shell weight from the total egg weight. After the 
eggshells were cleaned and kept in room temperature for 24 hours, the weights of the shells without 
the membrane were determined by weighing them. The average egg thickness was calculated by 
measuring the samples taken from the sharp, equatorial and blunt parts of the egg using a micrometer 
with a precision of 0.01 mm (Alkan et al., 2016). The given equations used to determine the other 
quality traits of eggs are given in Table 2 (Alkan et al., 2015; Narushin 2005; Sreenivasiah 2006; 
Yannakopoulos & Tserveni-Gousi 1986). The obtained data were analyzed using Minitab 17 package 
program and Tukey Multiple Comparison Test was used to determine the groups that make up the 
difference. 

Table 2. Equations Used to Determine Egg Quality Traits 

Starter feed                                                                               Grower feed 

Ingredient (%) Ingredient (%) 
Maize  53.6 Maize  57.32 
Soybean meal 25.94 Soybean meal 19.35 
Sunflower meal 10.0 Sunflower meal 9.0 
Bone meal 8.0 Bone meal 9.0 
Vegetable oil 1.85 Vegetable oil 1.14 
Vitamin 0.20 Vitamin 0.40 
Lysine 0.16 Lysine 0.19 
Methionine 0.10 Methionine 0.14 
Mineral 0.10 Mineral 0.20 
Salt 0.05 Salt 0.10 
  Limestone 3.16 

Results and Discussion 

The effects of egg shape index on egg quality traits are given in Table 3, whereas the phenotypic 
correlations between egg shape index and egg quality traits are given in Table 4. 

Name of the traits Equation 

Shape index  100 x (Egg width) / (Egg length)  
Eggshell surface area (cm2)  (3.155-0.013 x Egg width) x (Egg length x Egg width) 
Unit surface eggshell weight (g⁄cm2)  (Eggshell weight) / (Eggshell surface area)  
Eggshell ratio (%)  100 x (Eggshell weight) / (Egg weight)  
Albumen index  100 x (Albumen height) / (Albumen length + Albumen width) / 2)  
Albumen weight (g)  Egg weight - (Yolk weight + Eggshell weight)  
Albumen ratio (%)  100 x (Albumen weight) / (Egg weight)  
Yolk index  100 x (Yolk height) / (Yolk diameter)  
Yolk ratio (%)  100 x (Yolk weight) / (Egg weight)  
Yolk – albumen ratio (%)  100 x (Yolk weight) / (Albumen weight)  
Haugh unit  100 log [Albumen height - (1.7 x Egg weight 0.37 ) + 7.57]  
Egg volume (cm3)  0.913 x Egg weight  
Eggshell thickness (mm) (Sharp part + Blunt part + Equatorial part) / 3 
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Table 3. Effects of Egg Shape Index on Internal and External Quality Traits of Eggs 

 a,b Different letters in the same row indicate significant differences between groups (P < 0.05) 

As seen in Table 3, the albumen ratio was significantly affected by the egg shape index, and this ratio 
increased due to the increase in the shape index. The highest albumen ratio (51.50%) was found in the 
group with the high shape index group (≥78). The albumen ratio values obtained in this study were like 
the ones reported by Aysöndü et al. (2005), Çetin et al. (2008), Tekinşen et al. (2008) lower than the 
value reported by Günhan (2014) and higher than the value reported by Özkan (2020). Egg shape index 
also significantly affected the albumen weight. As with the egg shape index, the albumen weight 
increased due to the increase in egg shape index, and the highest albumen weight (10.32 g) was 
determined in the group with the high egg shape index (≥78). The obtained albumen weight values 
were found lower than the ones reported by Aysöndü (2005), Günhan (2014), Günlü et al. (2003), and 
Özbey and Esen (2007), higher than the values reported by Özkan (2020), and like the ones reported 
by Çağlayan et al. (2009) and Çetin et al. (2008). The yolk weight was also significantly affected by the 
egg shape index. However, depending on the increase in the shape index, the yolk weight decreased, 
and the highest yolk weight was obtained in the group with the low shape index (≤ 75). It was 
determined that the yolk weight values obtained were similar to the values stated in the literature 
(Aysöndü et al 2005; Çetin et al 2008; Günhan 2014; Günlü et al 2003; Kırıkçı et al 2007). Again, 
yolk/albumen ratio and Haugh unit were also significantly affected by egg shape index. As the egg 
shape index increased, both the yolk/albumen ratio and the Haugh unit decreased, and the lowest 
yolk/albumen ratio and Haugh unit values were found in the group with the high egg shape index (≥ 
78). One of the most commonly used methods for determining quality traits in eggs is the Haugh unit. 
Eggs with a Haugh unit value greater than 78 are included in the class of perfect eggs according to the 
Turkish Standards Institute Haugh unit values. Therefore, it is undesirable for the eggs to have a Haugh 
unit value of less than 78. The Haugh unit value is higher in fresh eggs and lower in stale eggs (Türkoğlu 
et al 1997). The Haugh unit values obtained in this study are in the class of perfect eggs according to 
the Turkish Standards Institute Haugh unit values. Obtained Haugh unit values are lower than those 
reported by Aysöndü (2005), however, higher values were obtained when compared to those reported 
by Demirel and Kırıkçı (2009), Garip et al (2010), Günhan (2014), and Özbey and Esen (2007). On the 
other hand, egg weight, egg volume, shell surface area, shell thickness, unit surface shell weight, shell 
ratio, albumen index, yolk index, yolk ratio and shell weight were not significantly affected by the 
change in egg shape index value in our study. 

Although it was stated in the study by Bernacki and Heller (2003) that the egg weight increased due to 
the increase in the egg shape index, in our study, it was determined that the egg weight did not 

Traits ≥ 78 < 76 -77 > ≤ 75 P value 

Egg weight (g)  20.09±0.14 20.09±0.16 19.99±0.12 0.841 

Egg volume (cm3)  18.34±13 18.34±0.15 18.25±0.11 0.842 

Eggshell surface area (cm2)  37.32±0.20 37.32±0.23 37.18±0.17 0.838 

Eggshell thickness (mm)  0.242±0.00 0.242±0.00 0.242±0.00 0.682 

Unit surface eggshell weight (g)  0.54±0.00 0.54±0.00 0.54±0.00 0.831 

Eggshell ratio (%)  11.22±0.11 11.27±0.14 11.13±0.12 0.722 

Albumen index  10.48±0.16 10.86±0.18 10.98±0.15 0.069 

Yolk index  55.10±0.43 56.56±0.58 55.52±0.51 0.214 

Yolk ratio (%)  39.80±0.47 41.45±0.57 40.89±0.45 0.097 

Eggshell weight (g) 2.24 ±0.014 2.52±0.017 2.21±0.016 0.140 

Albumen ratio (%)  51.50±0.87a 48.75±0.75b 49.44±0.43b 0.015 

Albumen weight (g) 10.32±0.18a 9.76±0.13b 9.86±0.08b 0.005 

Yolk weight (g) 7.96±0.06b 8.29±0.09a 8.13±0.06ab 0.012 

Yolk / albumen ratio (%)  78.27±1.23b 85.94±1.55a 83.22±1.04a 0.000 

Haugh unit  85.98±0.46b 86.86±0.52ab 87.44±0.33a 0.034 
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increase significantly despite the increase in the shape index, and the egg weight varied between 
19.99-20.09 g. Obtained egg weights were found as similar to the ones reported by Kırıkçı et al (1999), 
Çetin et al (1997) and Redondo (2010), less than the values reported by Alkan et al (2007), Aysöndü 
(2005), Çetin et al (2001), Çetin et al (2008), Günhan (2014) and greater than the value reported by 
Özkan (2020). It is thought that the differences between the egg weights determined in this study and 
the egg weights specified in the literature are due to the differences in the genotype used in the 
research, density, climatic conditions, nutrition system and age. 
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Table 4. Phenotypic Correlations Between Internal and External Quality Traits of Partridge Eggs 

Traits SI EW ESW YW AW ET YI AI HU ESA USEA ER AR YR Y/AR 

EW 0.044               

ESW 0.048 -0.202*              

YW -0.141 -0.161** 0.338*             

AW 0.182* 0.186* 0.158** -0.167*            

ET -0.062 0.060 -0.073 -0.228* 0.260*           

YI -0.012 -0.173* 0.251* 0.867* -0.304* -0.240*          

AI -0.164* 0.178* 0.051 -0.043 0.314* 0.042 -0.220*         

HU -0.199* -0.034 0.160** -0.008 0.346* -0.008 -0.210* 0.890*        

ESA 0.045 1.00* -0.203* -0.162** 0.187* 0.060 -0,174* 0.178* -0.034       

USEA 0.045 1.00* -0.203* -0.163** 0.188* 0.059 -0.177* 0.179* -0.033 1.00*      

ER -0.007 -0.780* 0.768* 0.330 -0.026 -0.081 0.284* -0.081 0.127** -0.781* -0.781*     

AR 0.149** -0.366* 0.257* -0.061 0.844* -0.281* -0.182 0.203* 0.348* -0.366* -0.366* 0.399*    

YR -0.126** -0.713* 0.368* 0.804* -0.225* -0.193* 0.720* -0.135** 0.017 -0.714* -0.715* 0.708* 0.182*   

Y/AR -0.204* -0.218* 0.075 0.701* -0.776* 0.084 0.726* -0.260 -0.268 -0.218* -0.220* 0.199* -0.612* 0.622*  

EV 0.044 1.00* -0.242* -0.161** 0.186 0.060 -0.173* 0.178 -0.034 1.00* 1.00* -0.780* -0.366* -0.713* -0.218* 

SI: Shape index; EW: Egg weight (g); ESW: Eggshell weight (g); YW: Yolk weight (g); AW: Albumen weight (g); ET: Eggshell thickness (mm); YI: Yolk index; AI: Albumen index; 
HU: Haugh unit; ESA: Eggshell surface area (cm2); USEA: Unit surface eggshell area (cm2); ER: Eggshell ratio (%); AR: Albumen ratio (%); YR: Yolk ratio (%); Y/AR: Yolk/albumen 
ratio (%); EV: Egg volume (cm3); *:Significantly at  P < 0.01;  **:Significantly at  P < 0.05 
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In this study, it was determined that the relationship between egg shape index and egg weight 
(r=0.044) was positive and insignificant (Table 4). The relationship between egg shape index and egg 
weight in many poultry species was examined and the results were found to be different from each 
other. Many studies have shown that there is a positive and significant relationship between egg shape 
index and egg weight (Alkan et al., 2013; Duman et al 2016; 2016; Fajemilehin et al., 2009; Kuzniacka 
et al., 2004; Kırıkçı et al., 2003; Olawumi & Ogunlade 2008; Yılmaz et al., 2011). On the other hand, in 
some studies, this relationship was found to be negative and insignificant (Kul & Şeker 2004; 
Nowaczewski et al., 2008; Tebesi et al., 2012). In addition, in a study by Bernacki and Heller (2003), it 
was stated that as egg shape index increases as the egg weight increases. Again, in many studies, it has 
been determined that there is a significant relationship between egg shape index and egg length and 
width (Abanikannda et al., 2007; Alkan et al., 2015; Olawumi & Ogundale 2008). 

It was determined that there was a positive and insignificant (r=0.044) relationship between egg shape 
index and egg volume. Recently, Alkan et al. (2013, 2016) reported that there is a significant 
relationship between egg shape index and egg volume. However, in the study conducted by Aktan 
(2004), it was revealed that the relationship between egg shape and egg volume was negative and 
insignificant. 

Again, the relationship between yolk index and egg shape index was low and insignificant (r=-0.012). 
This result was consistent with the results reported by Duman et al. (2016) and Alkan et al. (2013). In 
contrast, Sarica et al (2012) reported positive and significant relationship between shape index and 
yolk index, whereas this relationship was positive and insignificant in the study done by Emamgholi et 
al (2010). 

Again, the relationship between egg shape index and Haugh unit was found to be positive and 
insignificant (r=-0.199). Duman et al. (2016) and Sarica et al. (2012) reported that there was a 
significant and positive relationship between the shape index and the Haugh unit. In contrast, like our 
study Alipanah et al. (2013), Alkan et al. (2013), Alkan et al. (2016), Olawumi and Ogunlade (2008), 
Onunkwo and Okara (2015), and Zhang et al. (2005) found that the relationship between shape index 
and Haugh unit was positive and insignificant. 

It was determined that the relationship between egg shape index and eggshell thickness was negative 
and insignificant (r=-0.062). However, different results have been obtained in many studies on the 
subject. In some studies, the relationship between egg shape index and eggshell thickness was positive 
and insignificant (Alkan et al., 2016; Özçelik 2002; Zhang et al 2005) while in some studies it was 
negative and insignificant (Alkan et al., 2013; Tebesi et al., 2012). However, Şekeroğlu et al. (2000) 
stated that the relationship between egg shape index and eggshell thickness was important. 

The relationship between egg shape index and eggshell surface area was also found to be insignificant 
(r=0.045) in our study. Recently, Alkan et al. (2013) and Duman et al (2016) found the relationship 
between egg shape index and eggshell surface to be significant. Altuntaş and Şekeroğlu (2008) stated 
in their study that the surface area of the shell decreased due to the increase in the egg shape index. 
It is thought that the differences between the findings in the literature may be due to the different 
poultry species used, rearing systems, care-feeding and environmental conditions. Again, the 
relationship between egg shape index and unit surface shell weight was found to be positive and 
insignificant (r=0.045). In a similar study, Alkan et al. (2016) stated that the relationship between egg 
shape index and unit surface shell weight is positive and insignificant. The relationship between shape 
index and crust ratio was negative and insignificant (r=-0.07). Alkan et al. (2016) stated that the 
relationship between egg shape index and shell ratio is positive and insignificant. 

The relationship between egg shape index and albumen index was found to be negative and significant 
(r=-0.164). This result is different than that of Emamgholi et al. (2010), Günlü et al. (2003) and 
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Onunkwo, and Okara (2015) but like the results reported by Alkan et al. (2013) Duman et al. (2016), 
and Sarica et al. (2012). 

Finally, the relationship between egg shape index and albumen ratio was positive and significant 
(r=0.164), between egg shape index and yolk ratio was negative and significant (r=-0.126), and 
between egg shape index and yolk/albumen ratio was negative and significant (r=-0.204) in our work. 
As a comparison, in the study conducted by Alkan et al. (2016), the relationship between egg shape 
index and albumen ratio was found to be positive and insignificant, the relationship between egg shape 
index and yolk ratio was negative and insignificant, and the relationship between egg shape index and 
yolk/albumen ratio was negative and insignificant. 

Conclusion 

In this study, it was determined that the egg shape index of partridges (A. Chukar) significantly affected 
some of the egg quality traits (albumen ratio, albumen weight, yolk weight, yolk/albumen ratio and 
Haugh unit). Also, we determined that the relations between some traits were quite different from the 
values stated in the literature. It is thought that these differences may be due to the different species 
of poultry used in the research, age, rearing systems, maintenance and environmental conditions. 
Partridges have a potential to be easily used for meat and egg production in family businesses in rural 
areas, especially in alternative poultry production. Particular attention should be paid to the cultivation 
of partridges, especially in the settlements in and around the forest, and the necessary efforts should 
be accelerated to increase the economic income of the people living here from partridges. Thus, the 
economic income of the people living in and near the forests can be increased and the negative 
pressures of these people on the forests can be reduced. For this reason, due importance should be 
given to the studies on partridges, and it should be revealed that these animals are important sources 
of genes through breeding studies 
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