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Abstract | Ross 308 broiler chicken is the best, bred for meat. The study was conducted to determine the characteristics
of egg quality traits, correlation between egg quality traits, effect of egg weight on egg quality traits and estimate the
egg weight from egg quality traits of Ross 308 broiler chickens. A total of 1000 eggs were purchased from Daybreak
farm for the study, and a completely randomized design was used. About eight external and five internal egg quality
traits were measured. The descriptive statistics revealed that egg weight had a minimum and maximum value of 32.59
g and 98.25 g respectively. One-way ANOVA revealed that egg weight has a significant effect (p < 0.05) on egg length,
egg width, shell weight, shell index, shell surface area, unit surface shell weight, shell ratio, yolk weight, albumen
weight, albumen ratio, yolk ratio and yolk/albumen. Pearson’s correlation displayed that egg weight had a highly
positive association (p < 0.01) with egg length, egg width, shell weight, unit surface shell weight, albumen weight, yolk
weight, yolk ratio and yolk/albumen. Stepwise regression findings revealed that the model, including yolk weight, yolk
ratio, albumen weight and albumen ratio, is the best-fitted model (R? = 1.00 and RMSE = 0.05) for estimation of egg
weight. The study concludes that improving yolk weight, yolk ratio, albumen weight and albumen ratio might improve
the egg weight of Ross 308 broiler chicken. The study findings may assist farmers in the egg quality traits to consider
during breeding to improve the egg weight.
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INTRODUCTION

hicken egg is a naturally designed tool for reproduction

and nourishing the developing embryo (Ukwu ez a/.,
2017). In poultry industry, chicken eggs are quite essential
for the growth of the economy of a country (Orhan ez a/.,
2016). In the egg production industry, egg weight is one of
the important traits which require serious attention to the
egg producers (Tyasi ez 2/.,2022),and they are not equal and
need to be routinely checked for quality (Shi ez /., 2009).
Shi ez al. (2009) and Hegab and Hanafy (2019), reported

that among the external and internal egg quality traits
which are important for reproduction, egg weight is one
of the primary factors that influence internal and external
egg quality traits in poultry. Egg weight can be determined
without breaking the egg and it is directly proportion
to albumen, yolk and shell (Shi ez a/., 2009; Alkan ez al.,
2014). Chicken egg weight is affected by many factors
such as breed, age, diseases, strain, hen body size, water and
teed consumption (Alkan ez /., 2014). In determination of
quality of eggs in poultry, many factors such as egg weight
in relation to external and internal quality traits should
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be taken into consideration, because quality of egg affects
chick quality and future performance of herd in breeding
stocks (Celik ez 2/.,2018). Based on the authors’knowledge,
there is no documented study on effect of egg weight and
its prediction from egg quality traits of Ross 308 broiler
breeder chicken breed. Hence, the objectives of the study
were 1) to quantify the egg weight and egg quality traits, 2)
to determine effect of egg weight on egg quality traits 3) to
determine correlation between egg weight and egg quality
traits, 4) to predict egg weight from egg quality traits of
Ross 308 broiler chicken breed. This study will help Ross
308 broiler breeder farmers identify the key traits to focus
on when breeding for improved egg weight.

MATERIALS AND METHODS

PURCHASE OF EGGS

A total of 1000 Ross 308 broiler breeder eggs were used to
conduct the study. The eggs were bought from Daybreak
farms at Merinovlakte near Bela Bela town. This farm is
located at 24°992 S longitude and 28°294 E latitude, the
estimate terrain elevation above sea level is 1100 meters. The
temperature in this location is approximately 19.6 °C. The
farm receives annual rainfall of less than 636 mm, with most
rainfall occurring during summer (Shabalala et al., 2019).
'The eggs were bought during the peak period (hens aged 30
weeks) and transported with suitable transport and portable
refrigerator to avoid possible deterioration to the University
of Limpopo Animal laboratory for data collection.

BREEDING STOCK MANAGEMENT

The chickens were housed under intensive production
conditions at Daybreak farms. The chicken houses were
well-ventilated, where curtains opened automatically to
control the ventilation and the temperature in the chicken
houses. Wood shavings were used as bedding material
in the nest boxes and on the floor. The chicken houses
were cleaned seven days before the chickens arrived and
disinfected to avoid transmission of pathogenic diseases
to the chickens. The biosecurity protocols were followed
in the area, where the footbaths and hand sprays with
disinfectants were placed at the door for disinfection
before entering the chicken houses. The feed and water
were provided ad libitum. Feeds, light program and
other management conditions were administered to
broiler breeder chickens in accordance with Ross breeder
guidelines and recommendations (Ross Breeders, 2023).
Vaccinations and medication were carried out following
the company’s comprehensive health management plan.

EXPERIMENTAL DESIGN

A completely randomized design was used. A total of 1000
eggs were randomly selected during the purchase from the
Ross 308 broiler breeder chickens. The eggs were classified

into three (3) different egg weight groups such as small (<
60 g), medium (60-69 g) and large (> 69 g), small eggs were
740, medium were 140 and 120 were large. Egg weight was
the treatment and the egg categories, small (740), medium
(140) and large (120) were replications of the study.

EXTERNAL EGG QUALITY TRAITS

The egg weight and external egg quality traits such as egg
length, egg width and shell weight were measured in the
study as described by Kgwatalala ez a/. (2013). Egg weight
was measured using an electronic scale with a precision
of 0.01 g, whereas egg length and width were determined
with a digital vernier calliper with an accuracy of 0.01 mm.
Shell weight was determined by weighing the shell on the
electronic weighing scale. Other external egg quality traits
including egg shape index, shell surface area, unit surface
shell weight and shell ratio were calculated using formulas
as recommended by Tyasi ez a/. (2022):

Shape index (%) = (Egg width)/ (Egg length) x 100
Shell surface area (cm?) = 3.9782 x egg weight®730%¢
Unit surface shell weight (g/cm?) = (Shell
weight) / (Shell surface area)

Shell ratio (%) = (Shell weight) / (Egg weight) x 100

INTERNAL EGG QUALITY TRAITS

The internal egg quality traits that were measured include
egg yolk weight and albumen weight. Internal egg quality
traits were measured following the procedure of Tyasi ez a/.
(2022). Briefly, the individual eggs were carefully broken
out, cautious not to break the membranes that enclose the
egg yolk and albumen. The egg yolk was carefully separated
from the albumen using egg yolk separator, and the weight
of the egg yolk was determined using an electronic scale.
Albumen weight was calculated by subtracting the yolk
weight and the shell weight from the whole egg weight.
Other internal egg quality traits like albumen ratio, yolk
ratio, yolk/albumen and egg volume were calculated using
the formulas as indicated by Tyasi ez a/. (2022).

Albumen weight (g) = egg weight —
(yolk weight + shell weight)
Albumen ratio (%) = albumen weight/ egg weight x100
Yolk ratio (%) = yolk weight/ egg weight x 100
Yolk / albumen = yolk weight/ albumen weight x 100

STATISTICAL ANALYSIS

Statistical Package for Social Sciences version 29.0 (IBM
SPSS, 2023) was used to analyze the data. Descriptive
statistics, One-way Analysis of Variance (ANOVA).
Pearson’s Correlation and. Stepwise regression was used
as statistical techniques for data analysis. The following
ANOVA model was used:

Yij= Bt Si+ &
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Where: Y: j* observation (egg quality traits) of the j®
treatment (egg weight). p: Overall mean. S: Effect of the
i™ treatment (i = age and egg weight). e Residual error.

The following stepwise regression model was used:
Y=a+bX +....+b X

Where: Y=dependentvariable (egg weight),a= intercept, b1
—bn= coefhicient of regression, and X 1 — X n= independent
variables (egg quality traits). The significance was observed

at p<0.05.
RESULTS

DESCRIPTIVE STATISTICS OF EXTERNAL EGG QUALITY
TRAITS

Descriptive statistics of external egg quality traits such as
egg weight (EW), egg length (EL), egg width (EWD),
shell weight (SW), shape index (SI), shell surface area
(SA), unit surface shell weight (USW) and shell ratio (SR)
are presented in Table 1.The results indicated that SA had
the highest mean numerical value (84.95), and USW had
the lowest mean numerical value (0.10) than the other
external egg quality traits.

Table 1: Descriptive statistics of external egg quality traits.

Trait Mini- Maxi- Mean Standard Standard
mum mum error deviation

Egg weight (g) 32.59 98.25 59.30 1.04 11.20

Egg length (mm) 46.61 70.36 56.09 041 444

Egg width (mm) 23.07 51.75 42.87 0.29 3.08

Shell weight (g) 4.37 9.84 694 0.09 0.92

Shape index (%) 37.58 82.73 76.66 0.47 5.08

Shell surface area 54.37 124.47 84.95 1.10 11.75

(mm?)

Unit surface shell 0.04 0.10 0.08 0.00 0.01

weight (g)

Shell ratio (%) 5.51 16.38 11.87 0.12 1.30

Table 2: Descriptive statistics of internal egg quality traits.

Trait Mini- Maxi- Mean Stand- Standard
mum mum ard error deviation

Yolk weight (g) 5.31 34.02 17.35 0.47 5.00

Albumen weight (g) 15.11 67.68 35.00 0.64 6.87

Albumen ratio (%) 46.36 76.78 59.12 0.39 4.16

Yolk ratio (%) 14.94 40.23 29.01 0.40 4.25

Yolk/Albumen (%) 21.02 86.76 49.78 1.00 10.58

DESCRIPTIVE STATISTICS OF INTERNAL EGG QUALITY
TRAITS
Descriptive statistics of internal egg quality traits such

as yolk weight (YW), albumen weight (AW), albumen
ratio (AR), yolk ratio (YR) and yolk/albumen (Y/A) are
presented in Table 2. The results indicated that AR had the
highest mean numeric value (59.12), and the YW had the
lowest mean numeric value (17.35) than the other internal

egg quality traits.

EFFECT OF EGG WEIGHT ON INTERNAL EGG QUALITY
TRAITS

Table 3 presents the effect of egg weight on internal egg
quality traits. The results indicated that egg weight affects
all measured internal egg quality traits (P < 0.05). The
results showed that large egg weight group had higher
(P < 0.05) YW, YR and Y/A than small and medium egg
weight groups.

Table 3: Effect of egg weight on internal egg quality traits.

Trait Egg weight groups

Small Medium  Large
Yolk weight (g) 15.55+0.25¢ 17.48+0.26" 28.16+1.62°
Albumen weight (g) 32.31:0.35* 37.46x0.51°> 48.51+2.53¢
Albumen Ratio (%) 59.27:0.36" 60.22+0.51* 56.86+2.20
Yolk ratio (%) 28.47+0.38> 28.13+0.47° 33.32+1.92°
Yolk/albumen (%)  48.50+0.95" 46.86+1.17* 60.95+4.70"

“b < means in the same row with different superscripts are

significantly (P < 0.05) different.

EFFECT OF EGG WEIGHT ON EXTERNAL EGG QUALITY
TRAITS

Effect of egg weight on external egg quality traits are shown
in Table 4. The results showed that egg weight affects all
measured external egg quality traits (P < 0.05). The results
showed that the medium egg weight group had a higher
(P < 0.05) EW, EL, EWD, SW, SI and SA than small and
large egg weight groups.

Table 4: Effect of egg weight on external egg quality traits.

Trait Egg weight groups

Small Medium Large
Egg weight (g)  54.53:0.52° 62.18+0.50° 84.99+2.31*
Egg length (mm) 54.18:0.22° 57.58+0.64> 65.97+0.72°
Egg width (mm) 42.10:0.17> 42.59:1.33> 47.87+0.57
Shell Weight (g) 6.66+0.07° 7.24+0.13>  8.32+0.35*
Shell index (%) 77.77+0.30*  74.29+2.69° 72.62+0.85°
Shell surface area 79.94+0.53> 88.28+0.53> 111+2.28*
(mm?)
Unit surface shell 0.08+0.00°  0.08+0.00*  0.07+0.00°
weight (g)
Shell ratio (%) 12.25+0.11* 11.65+0.16* 9.81+0.38"

“b < means in the same row with different superscripts are

significantly (P < 0.05) different.
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CORRELATION MATRIX BETWEEN
QUALITY TRAITS

'The relationship between external egg quality traits of Ross
308 broiler breeder chickens is presented in Table 5. The
results indicated that EW had a highly significant positive
correlation (P < 0.01) with EL (r = 0.92), EWD (r = 0.73),
SW (r = 0.75) and SA (r = 1.00); and negative statistical
correlation with SI (r = -0.28), USW (r = -0.37) and SR
(r=-0.67).

EXTERNAL EGG

Table 5: Correlation between external egg quality traits.

Trait EW EL EWD SW  SI SA  USW SR
EwW

EL 092"

EWD 0.73" 0.56"

SW  0.75" 0.64" 0.55"

SI -0.28" -0.54" 0.40" -0.14

SA  1.00" 0.92" 0.73" 0.75" -0.27"

USW -0.37" -0.41" -0.30" 0.33" 0.18 -0.37"

SR -0.67" -0.67" -0.49" -0.03~ 0.24" -0.67" 0.93"

™= no significant; *= Correlation is significant at the 0.05 level;
**= Correlation is significant at the 0.01 level, EW = Egg weight,
EL = Egg length, EWD = Egg width, SW = Shell weight, SI =
Shell index, SR = Shell ratio, USW = Unit surface shell weight,
SA = Shell surface area.

CORRELATION MATRIX BETWEEN
QUALITY TRAITS

Table 6 shows the relationship between internal egg
quality traits of Ross 308 broiler breeder chickens. The
results indicated that YW had a high positive correlation
(P < 0.01) with AW (r = 0.57), YR (r =0.74) and Y/A (r =
0.71), while had a negative correlation with AR (r = -0.59).

INTERNAL EGG

Table 6: Correlation between internal egg quality traits.

Trait YW AW AR YR YA
YW

AW 0.57"

AR -0.59"  0.28"

YR 0.74" -0.06=  -0.95"

Y/A 0.717 -0.10~  -0.96" 0.99"

™= no significant, = Correlation is significant at the 0.01 level,

YW= Yolk weight, AW= Albumen weight, AR= Albumen ratio,
YR= Yolk ratio, Y/A= Yolk/Album.

CORRELATION MATRIX BETWEEN
EXTERNAL EGG QUALITY TRAITS

'The relationship between internal and external egg quality
traits of Ross 308 broiler breeder chickens is presented
in Table 7. The results indicated that EW had a highly
significant positive correlation (P < 0.01) with EL (r =
0.92), EWD (r = 0.73), SW (r = 0.75) and SA (r = 1.00);
and negative statistical correlation with SI (r = -0.28),

USW (r = -0.37) and SR (r = -0.67).

INTERNAL AND

PREDICTION OF EGG WEIGHT

Stepwise regression exploration was conducted to fit the
best model for prediction of egg weight of Ross 308 broiler
breeder chickens as shown in Table 8. The results revealed
that in case of external traits, SA alone accounted for 100%
variation in egg weight; and addition of other traits did
not make any remarkable difference in improving the EW
of Ross 308 broiler breeder chickens. Further, the results
revealed that under internal egg quality traits, YW alone
accounted for 72% of variation in egg weight. Meanwhile,
the inclusion of YR improved the accuracy to 95% while
inclusion of AW and AR improved the accuracy to 100%.

Table 7: Correlation between internal and external egg quality traits.

Trait EW EL EWD SW SI SA
EwW

EL 0927

EWD 0.73°  0.56"

SW 076" 064" 055"

SI -0.3" -0.54"  0.40"  -0.14~

SA 1.00° 092" 073" 075" -0.27"
USW -0.37" -0.41" -0.26" 0.33" 0.18
SR -0.70" -0.70" -0.49" -0.03* 0.24
YW 085" 0.82" 0.63" 0.69° -0.27"
AW 091" 082" 066" 058 -0.24
AR  -0.12» -0.16= -0.12~ -0.29" 0.06™
YR 032" 036" 0277 029" -0.13
Y/A 028 033" 023 0.28°  -0.13=

USW SR YW AW AR YR YA
0.93"

-0.27"  -0.53"

-0.46"  -0.69" 0.57"

-0.18=  -0.09 -0.59" 0.28"

-0.11~  -0.22° 0.74" -0.06™ -0.95"

-0.06 -0.16= 0.71" -0.10~ -0.96" 0.99"

™= no significant, * = Correlation is significant at the 0.05 level, ™ = Correlation is significant at the 0.01 level, EW = Egg weight,
EL = Egg length, EWD = Egg width, YW = Yolk weight, AW = Albumen weight, SW = Shell weight, SI = Shell index, SR = Shell
ratio, AR = Albumen ratio, YR = Yolk ratio, Y/A = Yolk/Albumen, USW = Unit surface shell weight, SA = Shell surface area.
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Table 8: Best fitted regression models with stepwise regression analysis

Estimators Models R? MSE P value
External traits as estimators

SA EW =-21.60 + 0.95SA 1.00 14284.31 0.000
Internal traits as estimators

YW EW =26.26 + 1.90YW 0.72 35.17 <0.001
YW and YR EW =59.79 + 3.08YW - 1.86YR 0.95 7.06 <0.001
YW, YR and AW EW =8.97 + 1.28YW - 1.86YR + 0.96AW 1.00 0.34 <0.001
YW, YR, AW and AR EW =58.72 + 1.10YW - 0.64YR + 1.12AW - 0.67AR 1.00 0.05 <0.001

EW = Egg weight, SA = Shell surface area, YW = Yolk weight, YR = Yolk ratio, AW = Albumen weight, AR = Albumen ratio.

DISCUSSION

Egg quality characteristics influence embryo development,
hatchability, and growth performance of chicks (Ukwu
et al., 2017). Egg weight is one of the most important
characteristics because each component of the egg depends
on it (Tumova ez al., 2009). Egg weight is important in
broilers because, Hegab and Hanafy (2019), reported that
egg weight together with other egg quality traits affect
both hatchability and hatching weight of chickens. Hence,
this study was conducted firstly to quantify the egg weight
and egg quality traits of Ross 308 broiler breeder chickens.
Descriptive statistics was used, and the results indicated
that egg weight, egg length, egg width and shell weight
had a mean of 59.30 g, 56.09 mm, 42.87 mm and 6.94
g respectively. Abanikannda ez /. (2006) reported results
on Harco chicken layer genotype, which are similar to the
results of the present study. However, results of Ukwu ez
al. (2017) on Isa Brown egg layer chickens and Tyasi ez a/.
(2022) on the Potchefstroom Koekoek chicken genotype
are higher than the results of the present study. These
differences might be due to breed difference, since Khan ez
al.(2004) indicated that bird breed affects egg quality traits
of chickens. Descriptive statistics do not reveal the effect of
the measured characteristics, hence the following objective
reveals the effect of egg weight on the measured traits.

'The second objective was to use Analysis of Variance to
examine the effect of egg weight on the egg quality traits.
The results revealed that egg weight significantly affected
yolk weight, albumen weight, albumen ratio, yolk ratio and
yolk/albumen. Yolk weight and albumen weight increased
with increasing egg weight. The results agree with a study
of Hegab and Hanafy (2019), who reported similar results
on Japanese Quail eggs (Coturnix coturnix japonica).
Moreover, it has been reported that egg weight influences
the internal egg characteristics in brown-egg layer strain of
Nike (Shi ez a/.,2009). Results of the present study disagree
with the study of Tyasi ez a/. (2022), who reported no effect
of egg weight on albumen ratio and yolk ratio. The results
of the present study imply that yolk weight, albumen
weight, albumen ratio, yolk ratio and yolk/albumen should

be considered when improving egg weight of Ross 308

broiler breed.

Effect of egg weight was further examined on external egg
quality traits. The results revealed a significant effect of egg
weight on egg length, egg width, shell weight, shell index,
shell surface area, unit surface shell weight and shell ratio.
Egg length, egg width, shell weight, shell index and unit
surface shell weight as egg weight increases. Shell index and
shell ratio decreased in increase of egg weight. Results of
Hegab and Hanafy (2019) and Ukwu ez a/. (2017) indicate
that egg weight affects the external egg quality traits, which
agree with the results of the present study. However, Alkan
et al.(2014) results indicate that unit surface shell weight is
not affected by egg weight in partridge (Alectoris Chukar),
which disagree with the present study. The variation might
be due to the difference in breed and production system,
since Alkan ez a/. (2014) used a cage system. These results
suggest that egg length, egg width, shell weight, shell index,
shell surface area, unit surface shell weight and shell ratio
should be considered when breeding to improve the egg
weight. Analysis of Variance does not reveal the correlation
between the measured characteristics, hence the following
objective reveals the correlation between the measured
characteristics.

Pearson’s correlation technique was used to investigate the
correlation between egg weight and egg quality traits of the
Ross 308 broiler breed, to accomplish the third objective.
'The findings revealed that egg weight positively correlated
with external traits, egg length, egg width, shell weight,
and unit surface shell weight, and negatively correlated
with shell index and shell ratio. Study of Alkan ez a/. (2014)
and Tyasi ez al. (2024) agree with the current study, that
egg weight has a positive correlation with egg length, egg
width, shell weight and negative correlation with shell
ratio. These results imply that egg weight might improve
when improving egg length, egg width, shell weight, and

decrease when increasing shell ratio.

Moreover, the correlation between egg weight and
internal egg quality traits of Ross 308 broiler breed was
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investigated. The results revealed that egg weight has a
positive correlation with albumen weight, yolk weight,
yolk ratio, yolk/albumen and negative correlation with
albumen ratio. Hegab and Hanafy (2019), who reported
positive correlation between egg weight and albumen
weight, which agrees with the present study. However,
Tyasi ez al. (2022) reported positive correlation between
egg weight and albumen ratio, which disagrees with the
present study. Furthermore, the results of the study also
disagree with the study of Tyasi ez a/. (2024), who reported
positive correlation between egg weight and albumen ratio.
These results imply that egg weight might increase when
increasing albumen weight, yolk ratio and yolk/albumen,
and decrease when increasing albumen ratio. Therefore, egg
length, egg width, shell weight, unit surface shell weight,
albumen weight, yolk ratio and yolk/albumen might be
employed in the selection criteria during breeding to
improve egg weight of Ross 308 broiler breeder chickens.
Pearson’s correlation technique does not estimate egg
weight from egg quality traits, rather association between
them, hence the following objective reveals models to
estimate egg weight from egg quality traits.

Stepwise regression technique was used to investigate
which egg quality traits are closely related and what
percentage contributes to predicting egg weight from egg
quality traits. The regression results indicated that under
external estimators, the shell surface area alone contributed
100% to the variation of egg weight in the Ross 308
broiler breeder chicken. Furthermore, the results revealed
that the model including yolk weight, yolk ratio, albumen
weight and albumen ratio had the greatest coefficient of
determination and least residual mean square error. Thus,
it was selected as the best fit model for prediction of egg
weight of the Ross 308 broiler breeder chicken. The results
of Tyasi et al. (2024) agree with the results of the study.
Moreover, this study suggests that egg weight might be
best predicted with more egg quality traits. As a result,
yolk weight, yolk ratio, albumen weight and albumen ratio
might be selected together for the prediction of egg weight
of Ross 308 broiler breeder chickens. Portillo-Salgado ez a/.
(2021), found that egg weight can be best predicted with
egg surface area, egg polar diameter and egg equatorial,
which disagree with the results of the current study. There
is a need to conduct more studies to investigate the best fit
model for prediction of egg wight in other broiler breeder
chicken breeds.

CONCLUSION

It is concluded that egg weight affects all measured egg
quality traits of Ross 308 broiler breeder chicken, based
on analysis of variance findings. Moreover, the results of
stepwise regression revealed that the model, including

yolk weight, yolk ratio, albumen weight and albumen ratio
had the highest R* and lowest MSE. Therefore, it was
selected as the best fit model for predicting egg weight of
ROss 308 broiler breeder chicken. This suggests that egg
weight might be improved by making selection based on
these traits during breeding. The study might be helpful
to broiler farmers during selection to improve egg weight

during breeding.
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