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Abstract  
Egg external and internal 

qualities are of major 

importance to egg industry 

worldwide. The objective of 

this study was to examine 

some issues such as 

external and internal 

quality traits of the 

pancake tortoise eggs in 

determining the 

phenotypic traits. A total 

of 180 eggs from pancake 

tortoise were collected over 

a period of 3 months was 

used for the study. The 

parameters measured 

include egg weight (EWT), 

shell weight (SWT), shell 

thickness (STH), egg 

length (ELT), and egg 

width  (EWD) which was 

found respectively as 15.84 

September 30, 2025 Vol. 9 No. 1  E-ISSN 3026-8109 P-ISSN 3027-1657 

International Journal of 

BIOSCIENCE AND AGROLOGICAL RESEARCH (IJBAR) 

www.harvardpublications.com 

INTRODUCTION  
 Phenotypic correlations 

between EEQTs and 

IEQTs in tortoises can 

vary, but generally, 

stronger positive 

correlations are observed 

between egg weight and 

internal components like 

yolk weight and albumen 

weight (Ewart et al., 

2022). Additionally, egg 

weight often shows a 

significant positive 

correlation with other 

external traits like shell 

weight. External egg 

quality traits include 

factors like egg weight 

(EWT), egg length (ELT), 

egg width (EWD), egg 

shape index (ESI), and 

shell weight (SWT). While 

internal egg quality traits 

are albumen weight 

(AWT), yolk weight 

(YWT), albumen height 

(AHT), yolk height (YHT), 

albumen index (AI), and 

yolk index (YI). 

Harrington et al. (2021) 

reported that egg weight 

often has a strong positive 

correlation with YWT and 

AWT. Shell weight tends 

to be positively correlated 

with other internal egg 

components. Some studies 

have found an inverse  

Keywords: Egg length, 
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g, 0.52g, 0.32mm, 4.02cm, 

2.79cm as external egg 

quality traits (EEQTs) and 

yolk weight (YWT), 

albumen weight (AWT), 

yolk colour (YC),  yolk 

height (YHT),  albumen 

height (AHT) and yolk 

diameter (YD) were found 

respectively as 7.48g, 7.84, 

5.46cm, 1.34cm, 0.67cm 

and 4.28cm for internal egg 

quality traits (IEQTs). The 

research shows that 

positive and significant 

(p<0.001) correlations were 

found between EWT and 

ELT. EWT and SWT, EWD 

and YC, EWT and YWT. 

This implies that EWT had 

direct relationship with 

AWT, SWT and YWT. 

Negative significant 

correlations were also and 

only observed between 

EWD and AHT. There was 

statistically significant 

(P<0.001) but negative 

correlation (-0.24) obtained 

between the AHT and 

EWD, although a positive 

significant correlation 

exists (P<0.001) between 

YC and EWD, YWT and 

EWT. As a result of these 

observations, it was 

considered possible to use 

the EWT in determining 

SWT, AWT and YWT. 

 
orrelation between shell weight and certain internal traits like albumen height 

and yolk index. There can also be negative correlations between shell thickness 

and albumen weight. Many of these correlations are statistically significant, 

meaning they are unlikely to have occurred by chance. The implication is that 

understanding these correlations is important for breeding programmes, as selecting for 

certain external traits (like larger eggs) can lead to improvements in internal egg quality. 

Egg external and internal qualities are of major importance to egg industry worldwide. 

These qualities traits of the eggs are significant in the tortoise breeding for their influence 

on the yield features of the future generation, breeding performance and quality growth 

of the hatchlings (Elliott et al., 2019; Hanish et al., 2020; Lee et al., 2021; and Reinke et 

al., 2022). It has been reported that the external and internal quality traits of the eggs in 

all species of tortoises (Kperegbeyi et al., 2025) has significant effect on the hatchability 

of incubated and fertile eggs, weights and development of the laying tortoises. 

Approximately, 3-5% of the total amount of the eggs are damaged as a result of 

environmental factors. Thus, especially the amount of infertile eggs and damage embryo 

results in a serious economic problem both for the breeders and the hatchers (McHugh et 

al., 2019; Rhodin et al., 2021; Radu et al., 2022; Kperegbeyi et al., 2025a).  

In the egg processing enterprises, the weight of egg shell, albumen and the yolk that form 

the egg as well as their rates affects the amounts and price of the produce (Segura et al., 

2020). During the investigation made on the quality trait of the egg, the researchers had 

focused on the studies related to the egg shell has a vital importance for the laying force, 

embryo growth and the hatchling quality (Kelley and Mendonca, 2020). In some other 

researchers, the egg weight is said to have a direct relation with egg shell quality which 

has a direct correlation with shell thickness (Goessling et al., 2019; Hromada et al., 2020; 

Segura et al., 2021; Tiar-Saadi et al., 2022) and the shell weight. Burgess et al. (2021) 

reported that the shell thickness has an effect on shell stiffness. 

In Nigeria, especially in recent years, the decreasing number of laying breeding pancake 

tortoise activities is alarming. Therefore, the objective of this study was to examine some 

c 
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issues such as external and internal quality traits of the pancake tortoise eggs in 

determining the phenotypic traits. 

 

MATERIALS AND METHODS 

Experimental Site 

The research was conducted at the Department of Animal Production Research Farm 

(DAPRF), Southern Delta University (SDU), Ozoro. Latitude 50 32I N and Longitude 60 

15I E of Greenwich meridian place the center in mid-western Nigeria’s rainforest. 

Humidity averages 2500-3000 mm per year and 27.40C and 85 % are the mean 

temperature and relative humidity (SDU, 2024). 

 

Experimental Animal and Management Practices 

A total of Sixty (60) mature pancake tortoises (54 females and 6 males) were obtained 

from different ecological zone in Delta State, Nigeria. Intensive housing system was used 

for this study. The dimension of the area is 12ft x 12ft. The house was ant proof to prevent 

ants not to invade the unit. A pen (ditched) was constructed measuring 8ft x 2ft. The 

tortoise was fed with concentrate diet (Top super feed) with the crude protein content of 

30% and the energy content supplied 3500 kcal/kg ME. The feed was supplemented with 

fermented cassava (Akpu), cabbage and ripe palm fruits. Feeding was done twice (8:00 am 

and 5:00 pm) per day. The tortoises were given the same treatment throughout the 

experimental period under the same managerial conditions. The ditch was filled with 

enough water to reach the bridge where top shell (carapace) meets the bottom shell 

(plastron). Some routine preventive hygiene was done frequently such as providing fresh 

water, feeding, changing of water regularly at all times, observing the behaviour of the 

tortoises, signs or symptoms of any disease condition should be observed by physical 

examination. The tortoises were properly identified with an indelible mark on their back 

labeling T1, T2, T3, T4 and so on. 

Egg collection  

The experiment commenced when the female tortoises started laying eggs on a heap sharp 

sand in the month of May till July, 2025. The number of eggs per clutch was recorded. 

Eggs were collected in sequential weeks randomly from the nests and used for the study. 

A total of 180 eggs from pancake tortoises were collected over a period of 3 

months was used for the study. The ELT (cm), EWD (cm) and YHT (cm) of each egg 

were measured by a digital caliper (150 cm +/- 0.02 cm) (Absolute AOS, Mitutoyo 500) and 

egg weight, shell weight, yolk weight and albumen weight of each egg were recorded in 

gram (g) by an electronic balance. 

 

Data collection 

The traits parameters collected are EWT (g), ELT (cm), EWD (cm), YWT (g), YHT (cm), 

YC, SWT (g), STH (mm), AHT (cm), AWT (g) and YD (cm). 

 

Statistical Analysis 

Data were computed using the Pearson correlation module according to IBM SPSS 

Statistics (2021) procedures. 
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RESULTS AND DISCUSSION 

The descriptive statistics related to the quality traits of the examined eggs in the research 

is shown in Table 1. The values related to EWT, SWT, STH, ELT and EWD are found 

respectively as 15.84g, 0.52g, 0.32mm, 4.02cm, 2.79cm and the values for YWT, AWT, YC, 

YHT, AHT and YD are found respectively as 7.48g, 7.84, 5.46, 1.34cm, 0.67cm and 4.28cm. 

On the other hand, the phenotypic correlations values related to external and internal 

quality traits of the eggs are shown in Table 2, 3 and 4 respectively. In terms of EEQTs, 

shell thickness had the lowest standard deviation (0.08), indicating high consistency and 

stability. Egg weight showed the highest variability (1.46), while egg width (0.75) was 

moderately stable. The coefficient of variation confirmed that egg shell weight has the 

highest stability (6.83%), egg width the greatest variability (26.88%), and egg weight 

shows moderate consistency (9.23%). For IEQTs, the coefficient of variation confirmed 

these results, with yolk height being the most reliable (2.98%), yolk diameter moderately 

consistent (3.74%), and yolk colour the least stable (9.71%). 

 

Table 1: Descriptive Statistics of Egg Quality Traits 

EEQTs Min. Max. X ± SD CV (%) 

EWT (g) 15.90 20.05 15.84 ± 1.46 9.23 

ELT (cm) 3.96 4.06 4.02 ± 0.64 15.92 

EWD (cm) 2.87 2.98 2.79 ± 0.75 26.88 

SWT (g) 6.28 7.85 0.52 ± 0.49 6.83 

STH (mm) 0.31 0.37 0.32 ± 0.08 25.00 

IEQTs 

YWT (g) 6.67 8.75 7.48 ± 0.46 6.15 

AWT (g) 6.98 8.68 7.84 ± 0.34 4.34 

YC 5.15 6.05 5.46 ± 0.53 9.71 

YHT (cm) 1.24 1.56 1.34 ± 0.04 2.98 

AHT (cm) 0.45 0.87 0.67 ± 0.03 4.48 

YD (cm) 3.97 4.64 4.28 ± 0.16 3.74 

 

Table 2 shows the phenotypic correlations of EEQTs traits and indicates similarities with 

the findings of the Choi et al. (2021) but different for some traits (Walton et al., 2019; 

Stanford, 2020; Agnolin, 2021). It was considered that the difference between the results 

might due to genetic structure, strain difference, health condition, feeding and 

management of the tortoises. 

There was a correlation coefficient between EWT and ELT, SWT and egg weight and a 

low positive and significant difference (<0.001) and the egg weight has a direct 

relationship with STH of the egg, this conformity with the reports of (Brezina et al., 2019; 

Scott et al., 2020; Cilingir et al., 2022; Kperegbeyi et al.,2025) who also reported that STH 

has a direct relations with the EWT and positive significant correlation with SWT. Cohen 

et al. (2022) reported a positive correlation value of 0.18 between the EWT and the STH. 

It has considered that egg shell quality would be determined by using the EWT value due 
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to the positive and significant determined between the EWT and SWT (Averill-Murray et 

al., 2020; Dutcher et al., 2020; Blonder et al., 2021; da Silva et al., 2022) in Table 2. 

 

Table 2: Phenotypic correlation of external egg quality traits 

EEQTs EWT (g) ELT (cm) EWD (cm) SWT (g)  STH (mm) 

EWT (g) -     

ELT (cm) 0.29* -    

EWD (cm) -0.50 0.075 -   

SWT (g) 0.46* 0.38 -0.06 -  

STH (mm) 0.18 0.16 0.13 -0.13 - 

*(P<0.01) 

 

Table 3 shows the phenotypic correlations of IEQTs and there were no significant 

correlations between IEQTs of the egg since all values recorded were very low with some 

negative values. 

 

Table 3: Phenotypic correlation of internal egg quality traits 

Internal egg quality traits  YWT (g) AWT (g) YC AHT (mm) YHT (cm) YD (cm) 

YWT (g) 

AWT (g) 

  - 

0.23             - 

   

YC -0.25          0.53    -   

AHT (cm) 0.28            0.36 -0.36       -  

YHT (cm) 

YD (cm) 

0.56            0.26 

0.42            0.62 

0.26 

0.31 

  -0.42 

    0.46          

  - 

0.37              - 

 

Table 4 shows the phenotypic correlations between EEQTs and IEQTs, there was 

statistically significant (P<0.001) but negative correlation (-0.24) obtained between the 

AHT and EWD, although a positive significant correlation exists (P<0.001) between YC 

and EWD, YWT and EWT. This indicates a direct relationship between YC, EWD, YWT 

and EWT. This is in line with the findings of Cordero and Vlachos, (2021) that statistically 

important positive correlation was obtained in the IEQTs such as YWT. 

 

Table 4: Phenotypic correlation between external and internal egg quality traits 

IEQTs                                        EEQTs 

STH (mm) EWT (g) ELT (cm) EWD (cm) SWT (g) 

YC 0.36 0.23 0.16 0.46* 0.14 

YHT (cm) -0.27 -0.34 -0.36 -0.08 -0.06 

AHT (cm) -0.18 -0.08 -0.06 -0. 24* 0.36 

YWT (g) 

YD (cm) 

-0.21 

0.32 

0.41 

0.37 

0.26 

0.43 

0.04 

0.21 

0.44 

0.30 
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CONCLUSION 

Based on the results of this study, it is considered that it is possible to use egg weight to 

determine the egg shell weight and shell thickness as in the case of EEQTs. In addition, 

EWT and YWT, EWD and YC, EWD and AHT were significantly correlated. 

We hope that the results obtained in this study would contribute in this study of other 

researchers who will study these traits as well as the breeders who deal on tortoise 

breeding and improvement. 
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