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ABSTRACT 

The aim of the study was to evaluate egg quality traits in three heavy Japanese quail populations created 

and reared in the Poultry Breeding Unit of the Trakia University – Bulgaria, marked as WG, GG and 

GL. In the experiments, 160 female birds from populations WG and GG, and 96 birds from population 

GL were tested up to the 6th production month. The main egg quality traits were controlled. The highest 

average egg weight was registered in WG group and the lowest in GL group, 14.04±0.32 g and 

12.79±0.29 g respectively (p<0.05). The highest average Shape index was observed in group GG 

(78.31±0.53%), vs the lowest in WG quails (77.55±0.62%). Albumen proportion is almost 2/3 of egg 

mass, with average values from 57.14% in group WG tо 59.90% in group GG. Yolk proportion was 

about 30%, with smaller differences between the groups. The shell share from all tested groups 

comprised between 10.95 and 12.58% of egg weight. Average shell thickness was the greatest in eggs 

of WG quails (223.53±5.52 µm), and the lowest – in GG quails (216.91±6.83 µm). Egg quality traits 

were typical for the meat productive type of Japan quails. 
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INTRODUCTION 

The main products obtained from domesticated 

Japanese quails (Coturnix japonica, Temminck 

& Schlegel, 1849) are eggs and meat. The 

global production of stocking quail eggs is 

based mainly of light layer and all-purpose 

quails. In some countries, including ours, 

quails from heavy types are also used for egg 

production due to the easier realisation of 

larger eggs and the lack of a constant need 

form breeder eggs. The incessantly increasing 

use of Japanese quails for egg production 

necessitate more information about eggs as 

produce. So far, there is no generally accepted 

and implemented standard, not a normative 

basis regulating minimum requirements to 

production, quality evaluation, packaging and 

storage of quail eggs. In most instance, 

regulations for the production, storage and sale 

of chicken eggs for direct consumption are 
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mechanically transferred to this biological 

species (1). The egg production and egg 

quality, apart for stock production, is essential 

also for quail meat production and results from 

incubation of breeder eggs. 
 

Three heavy-type Japanese quail populations 

were created and reared in the Poultry 

Breeding Unit of the Trakia University – 

Bulgaria, designated as WG, GG and GL. 
 

The aim of this study was to investigate the 

egg quality traits of the three heavy Japanese 

quail populations created and reared in the 

Poultry Breeding Unit of the Trakia 

University. 
 

MATERIAL AND METHODS 

The egg quality of three Japanese quail 

population created and reared in the Poultry 

Breeding Unit of the Trakia University was 

evaluated. They comprised two heavy 

populations with wild and golden plumage, 

designated as WG and GG and one dual-

purpose population with cinnamon plumage  – 

GL. In the experiments, 160 female birds from 

populations WG and GG, and 96 birds from 
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population GL were used. At 35 days of age, 

the birds were allotted in 10 subgroups with 16 

birds each from WG and GG types, and 6 

subgroups with 16 GL quails. The birds were 

reared in batteries in compliance with all 

hygiene requirements for the species and 

production type. 
 

The quails were reared under constant 16-hour 

light day from 35 days of age to the end of the 

6th production month. 
 

Feeding was uniform throughout the 

experiment with the following composition of 

the compound feed: MЕ: 11.5 MJ/kg; CP: 

19.5%; lysine: 1.0%; methionine+cysteine: 

0.75%; calcium: 2.8%; available phosphorus: 

0.45%, and optimum levels of vitamins and 

minerals. 
 

The evaluation of egg quality was performed 

from the age of lay to the end of the 6th 

production  month. In the middle of each 

production month, all eggs laid for 48 hours 

from the three populations (WG, GG and GL) 

were collected for egg quality analysis. 

  

The weight of eggs and weights of its parts – 

albumen, yolk and eggshell with membranes – 

were determined on a CB 2000 balance with 

precision of 0.01 g. 
 

The big and small diameters of eggs were 

determined with Vernier caliper with precision 

of 0.05 mm. Diameters of the yolk and 

albumen were measured after breaking the 

eggs on a horizontal smooth surface. Yolk and 

albumen heights at the yolk/albumen boundary 

was determined with a tripod vertical Ames 

micrometer with precision of 0.01 mm. 
 

Shell thickness with membranes in the 

equatorial region, and at blunt and sharp edges 

was measured with a micrometer with 

precision of 0.01 mm and average eggshell 

thickness (including outer shell membrane) 

was calculated. 
 

External egg dimensions served for calculation 

of the shape index (%) as SI=d/D*100 [1],  

where d – small diameter of the egg, mm, D – 

big diameter of the egg, (2);  

The shell surface area (cm
2
) was obtained 

using the formula: S=4.835*W
0.662

 [2], where 

W – egg weight (3). 
 

For egg albumen quality evaluation, the 

following traits were calculated: 

Albumen index: AI = h/(0.5*(d+D))*100 [3],  

where h – thick albumen height, d – small 

diameter of the thick albumen, and D – big 

diameter of the thick albumen, (2); 

Haugh units: 

)*7.157.7log(*100 37.0WhHU  [4], 

where: h – thick albumen height, and W –egg 

weight, g (4); 

Internal quality units of the albumen: 

)*8989.018.4log(*100 6674.0WhIQU  [5], 

where h – thick albumen height; W – egg 

weight (5). 
 

Egg yolk quality was determined through the 

yolk index: YI = h/D*100 [6], where h – yolk 

height, D – yolk diameter, mm (2); 

Eggshell colour was determined visually by 

comparison with the DSM yolkfan. 
 

All data were processed with statistical 

software Statistica 13.0 (Statistica for 

Windows; Stat – Soft, 2015). Mean (x), 

standard error of mean (SEM) and coefficient 

of variation (CV,%) values were calculated for 

each group. The differences considered 

statistically significant at p<0.05, using 

Student’s t-test, if the data were normally 

distributed. 
 

RESULTS AND DISCUSSION 

Table 1 summarises the data for egg exterior 

traits – average weight, big and small diameter, 

shape index. The largest eggs were produced 

by the WG group and the smallest – by the GL 

group. An interesting fact was observed: 

differences in egg size were mostly due to the 

big diameter (D), while the differences in small 

diameter of eggs (d) in the three groups were 

not significant. The average egg weight 

corresponded to heavy-type quails (1, 6-8). 

The highest average egg weight was registered 

in WG eggs (14.04±0.32 g), followed by GG 

(13.65±0.27 g) and GL (12.79±0.29 g) eggs. 

The difference between average egg weights of 

the lightest population (GL) and the heaviest 

one (WG) was significant (p<0.05). Lower egg 

weights in meat-type quails were also affirmed 

(6, 8-10). Shape index (SI, %) is an important 

species-, breed-, line- and individually-related 

trait influencing egg strength, its fitting into 

standard packages and for hatching eggs – its 

hatchability. In this experiment, so statistically 

significant differences were found out in shape 

index (SI) values in the three groups. Average 

monthly values of the populations were similar 

- between 79.91±0.58% and 75.19±2.21%. The 

values were slightly higher than those 

considered as ideal in chicken eggs, expressed 
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in a more rounded shape of quail eggs than the 

standard. Another feature of quail eggs is that 

they are more pointed than those of chickens, 

but this could not be seen from SI values. The 

highest average SI was observed in group GG 

(78.31±0.53%), vs the lowest in WG quails 

(77.55±0.62%). Our data about shape index 

agreed with those of other researchers having 

assessed quail egg quality (8, 11-15). 

  

Table 1. Average egg exterior traits. 

* р< 0.05; ** р< 0.01; *** р< 0.001; NS – Non Significant 

D - big diameter of the egg; d - small diameter of the egg; SI – Shape index. 

 

From the surface inward, the egg consists of a 

shell with membranes, albumen and yolk. The 

last two layers are valuable nutrients whereas 

the shell and membrane protect them from 

adverse environmental influence. The results 

make clear that there were no between-group 

difference with respect to the distribution of 

egg parts (Figure 1). This could be explained 

by the relatively constant intra-species values 

of the trait, evolutionally associated to species 

reproduction. The share of valuable quail egg 

parts in the three groups varied from 87.42 and 

89.05%, and quail eggs have higher yolk 

content than chicken eggs (10, 16). Albumen 

proportion is almost 2/3 of egg mass, with 

average values from 57.14% in group WG tо 

59.90% in group GG. Our data in the three 

groups are comparable to results from similar 

research studies (10, 13, 14). In some studies 

higher albumen percentage in quail eggs were 

affirmed (18, 19). Taha (20) reported 

significantly lower albumen and yolk shares vs 

the total egg; from 51.62±0.71% and 

55.29±2.12% depending on the eggshell 

colour. Yolk proportion was about 30%, with 

smaller differences (by 3.73%) between the 

groups compared to those for albumen and 

eggshell. Similar figures could be found in the 

works of other researchers (10, 13, 16, 17). 

Wilkanowska and Kokoszyński (19) reported 

similar but lower values than ours. Higher 

values for yolk were also demonstrated (14, 

15, 20). The shell comprised between 10.95 

and 12.58% of egg weight on the average, with 

highest between-group variation of 12.93%, 

compared to other egg parts. Our data are 

similar to those of Zita et al. (13) and Sari et al. 

(14). Taha (20) reported higher relative 

proportion in quail eggs with different shell 

colour. Wilkanowska and Kokoszyński (19) 

reported lower eggshell share that declined 

with age in Pharaoh quails. Hanusová et al. 

(10) established a relative share of shell + 

membranes of 9.128±0.022% and 9.200 

±0.036% in two Japanese quail population. 

Again, lower values of the trait in quail eggs 

were affirmed by Pizzolante et al. (18) and 

Alaşahan et al. (15). 
 

Table 2 provides data concerning albumen and 

yolk quality. Albumen quality traits (albumen 

index, Haugh units and Internal quality units) 

did not exhibit large differences between the 

three populations. The comparison of traits 

confirmed that ranking observed for AI (%) 

was preserved also for HU and IQU. The 

parameter group WG GG GL 

average egg weight, 

g 

х 14.04 13.65 12.79 

SEM 0.39 0.32 0.35 

significance 1:3* 

D, mm 

х 36.39 34.73 33.82 

SEM 1.86 0.29 0.28 

significance 2:3* 

d, mm 

х 27.14 27.17 26.37 

SEM 0.20 0.20 0.19 

significance 1:3**;2:3** 

SI, % 

х 77.55 78.31 78.11 

SEM 0.62 0.53 0.51 

significance NS 
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highest albumen egg quality was found out in 

Gl quails with 11.61±0.42% for AI, 

90.10±1.04 for HU and 59.55±2.40 for IQU. 

The lowest values were registered in GG quails 

(10.32±0.31%, 87.33±0.71 and 52.20±1.75 

respectively; p<0.05). The WG population 

occupied an intermediate position with respect 

to egg albumen quality. Some authors reported 

comparable albumen index results in Japanese 

quails (10, 13, 15, 21). Lower values were 

obtained by Sari et al. (14) and Hrnčár et al. 

(8). Compared to chicken stock eggs, those of 

quails had considerably lower AI (13). Haugh 

units of Japanese quail eggs with close values 

were demonstrated by Sari et al. (14), Hrnčár 

et al. (8), Alaşahan et al. (15) and Hanusová et 

al. (10), and lower values: by Zita et al. (13). 

The analysis of the three traits of albumen 

quality, the broadest range of average values in 

the three populations were found out for 

internal quality units of albumen (IQU) – 7.36. 

The similar trait – HU, used in larger eggs, the 

differences were twice smaller. This confirmed 

the better accuracy of IQU in small-size eggs 

(5). Comparable IQU data were communicated 

by Genchev and Kabakchiev (9) and Genchev 

(22). Substantially lower values were reported 

by Erensayin and Camci (23) and Fouladi et al. 

(24), on the contrary those of  Mohapatra et al. 

(25) were slightly higher than ours. 
 

 

Figure 1. Proportions of egg parts. 

 

Table 2. Average internal egg quality traits. 

parameter group WG GG GL 

AI, % 

х 11.19 10.32 11.61 

SEM 0.39 0.31 0.42 

significance 2:3* 

HU 

х 88.71 87.33 90.10 

SEM 1.03 0.71 1.04 

significance 2:3* 

IQU 

х 54.25 52.20 59.55 

SEM 2.79 1.75 2.40 

significance 2:3* 

YI, % 

х 48.95 47.07 48.13 

SEM 0.54 1.10 1.13 

significance NS 

Yolk colour, 

DSM yolkfan 

х 4.66 4.42 4.25 

SEM 0.18 0.13 0.19 

significance NS 
* р< 0.05; ** р< 0.01; *** р< 0.001; NS – Non Significant 

AI – Albumen index; HU – Haugh Units; IQU – Internal quality units; YI – Yolk Index. 

 

Yolk index (YI, %) in the three groups varied 

within  a  narrow  range  from 48.95±0.54% in  

 

 

WG tо 47.07±1.10% in GG (p>0.05). 

Analogous results were reported for this trait in  
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several studies (9, 13, 16). Significantly higher 

yolk index values were obtained by Hanusová 

et al. (10) in two Japanese quail population 

while a number of authors  – lower YI values 
(8, 14, 15, 19, 24). The trait related rather to 

consumers’ attitudes than to egg quality is yolk 

colour, which also showed insignificant 

differences in the three groups. This could be 

anticipated as yolk colour depends directly on 

dietary carotenoids which are the same for all 

groups. Values corresponded to pale yellow yolk 

colour – from 4.25±0.19 in GL tо 4.66±0.18 in 

WG by the DSM scale. The utilisation of feed 

with similar nutritional content but various 

components causes serious variations in yolk 

colour in the different literature sources. 
 

Table 3 presents data related to eggshell quality. 

Average shell thickness was the greatest in eggs 

of WG quails (223.53±5.52 µm), and the lowest 

– in GG quails (216.91±6.83 µm). The 

differences between the groups were very low 

(p>0.05). Detailed information by months of 

production revealed the highest thickness during 

the 2nd and 3rd production month in all groups, 

corresponding to the highest egg weight (Figure 

2). The lowest average monthly shell thickness 

was found out in GL population during the 5th 

month of the cycle (186.00±3.28 µm), and the 

highest: in group GL during the 3rd month of 

production (240.63±2.69 µm). According to 

some authors, shell thickness in quail eggs 

decreased with age (19, 26), which was observed 

partly by us. Wilkanowska and Kokoszyński (19) 

and Hrnčár et al. (8) reported comparable shell 

thickness values. In some research average 

eggshell thickness was higher (10, 27), while 

other data demonstrated lower values of this 

traits in Japanese quail eggs (14, 28), most 

probably from the light all-purpose type. 
 

Shell surface area ranged also within a narrow 

range in all groups (26.08±0.49 cm
2
 in GL group 

to 27.67±0.61 cm
2
; p<0.05), following the same 

pattern as egg weight. Due to the smaller egg size 

during the first month of production, surface 

areas were lower in all groups as compared to the 

other months from the production cycle.  

 

Table 3. Average eggshell quality and shell surface area. 

parameter group WG GG GL 

ST, µm 

х 223.53 216.91 217.16 

SEM 5.52 6.83 9.01 

significance NS 

S, cm
2
 

х 27.67 26.86 26.08 

SEM 0.61 0.90 0.49 

significance 1:3* 
 * р< 0.05; ** р< 0.01; *** р< 0.001; NS – Non Significant 

ST – shell thickness; S – shell surface area. 

 

 
Figure 2. Comparisson of monthly eggshell thickness and egg weight. 
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CONCLUSION 

Egg quality traits were typical for the 

productive type of evaluated groups. The 

average egg weight corresponded to heavy-

type quails. The largest eggs were produced by 

the WG group and the smallest – by the GL 

group (p<0.05). The Shape index (%) values 

were slightly higher than those considered as 

ideal in chicken eggs, expressed in a more 

rounded and pointed shape of quail eggs. The 

share of valuable quail egg parts (yolk and 

albumen) in the three groups varied from 87.42 

and 89.05%. Albumen quality traits (AI, HU 

and IQU) did not exhibit large differences 

between the three populations. Average shell 

thickness was the greatest in eggs of WG 

quails and the lowest – in GG quails, with very 

low differences between the groups (p>0.05). 
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