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ABSTRACT

This study investigated the effects of body weight at the 6" week (point of lay) and lay-period on quail
egg production and quality during the early laying phase in Ikole, Nigeria. The objective was to assess
whether these factors, either independently or interactively, influence egg productivity and quality
traits. A total of 180 quail birds, all at six weeks of age, were randomly assigned to three body weight
groups (123-130 g, 131-137 g, and 138-144 g), with each group consisting of six replicates of ten birds.
Birds were fed a common diet from the 6" to the 15" week. Data on body weight, feed intake, egg
production, and internal and external egg quality traits were collected following standard procedures.
A two-way ANOVA based on a factorial design was used to analyze the interaction between body
weight (Factor 1) and lay-period (Factor 2), with the General Linear Model (GLM) and Duncan’s Multiple
Range Test (DMRT) applied for mean separation. Results showed significant (p = 0.036-0.050) effects of
the interaction between body weight and lay-period on average body weight, egg height, egg surface
area, albumen quality index, yolk quality index, and Haugh unit. The findings suggest that optimizing
body weight and lay-period factors can enhance quail performance and egg quality, providing farmers
with practical insights for improving resource allocation and profitability.
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uail farming offers several advantages, including

low investment costs, minimal labour requirements,
small space needs due to the birds’ compact size, and
relatively easy management compared to other poultry
types. Quail birds are not only highly productive but also
more resilient and disease-resistant than many other
poultry species. The practice is gaining popularity in
Nigeria, driven by its economic benefits, including low
startup costs, the excellent nutritional profile of quail
eggs and meat, and the affordability for low-income
earners (Jesuyon et al., 2021).

Egg production in poultry is significantly influenced
by body weight (Ashour et al., 2015) as well as age-
related factors, such as physiological age, stage of lay,
orlay-period (Bourin et al., 2022). In laying quails, sexual
maturity is reached early, making body weight and age
at sexual maturity critical for initiating egg production
at the earliest possible time. Achieving the required
body size and weight for early lay can be influenced
by several factors, including age, proper brooding,
nutrition, feeding levels, breed, optimal environmental
conditions, body weight uniformity, genetics, species,
season, hormonal levels, light duration and intensity,
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stress, and broodiness (Dumoulin, 2019; Wang et al.,
2017). An optimal and uniform body weight is essential
for high, early, and pre-peak egg production. Flocks
with greater body weight uniformity tend to exhibit
higher egg production compared to those with more
variation (Suawa, 2015; Hyline, 2024). To achieve high
egg production at early sexual maturity (ESM), quails
must attain appropriate and consistent body weight
during their growth or rearing period (Aviagen, 2020).
The body weight of Japanese quail at 6 weeks of age
has been reported to be between 168-174 g per bird
(Bagh et al., 2016), and this weight at sexual maturity
significantly influences egg weight (Filho et al., 2016).
Furthermore, body weight uniformity in laying poultry
affects egg production, fertility, and hatchability (Suawa,
2015). While body weight uniformity is not the primary
focus of this study, quails were assigned to uniform
weight groups at the start of the sixth week (early
sexual maturity age) to enhance uniformity within these
groups.

The lay period in poultry refers to distinct phases
or stages of the production cycle, which have effects
separate from those of age. Understanding the
lay period provides insights into the events and
interventions needed as egg production increases or
declines at different stages of the production cycle.



Research on the effects of lay period in quail is limited,
as there has been relatively little investigation in this
area. After the peak of egg production, egg numbers
typically decrease, while egg weight, yolk size, and
feed consumption tend to increase with body weight in
both heavy and light hens (Anene et al., 2020). A key
strength of this study lies in its examination of quail
birds with closely uniform body weights from the point of
sexual maturity across different lay periods, rather than
focusing solely on age. This type of study has not been
extensively explored in existing literature. The primary
research question was: Does the interaction of 6" week
body weight and lay period influence egg productivity
and egg quality traits in quail? Consequently, the aim of
the present study was to investigate how the interaction
between 6" week body weight and lay period affects
egg production and quality. The research hypothesis
proposed that this interaction would influence the
response traits evaluated in the study.

MATERIALS AND METHODS

The study was conducted at the Research Unit of
the Animal Production and Health Department, Federal
University Oye-Ekiti (FUOYE), Ekiti State, Nigeria. The
experimental procedures were reviewed and approved
by the FUOYE Institutional Animal Care and Use
Committee (IACUC), ensuring adherence to animal
ethics and welfare standards with approval number
IACUC/APH/SS1020/2021/05.

Quail management

A total of 252, 3-week-old mixed-sexed Coturnix
coturnix japonica (quail) birds were used for the
experiment. These birds were sourced from the National
Veterinary Research Institute, Vom, Ikire Out-station,
Osun State, Nigeria. Before the birds were stocked,
the housing and cages were thoroughly cleaned and
disinfected. The cages were then lined with wood
shavings as bedding material, which was replaced
weekly throughout the study.

Upon arrival, the chicks were given a glucose
solution (15g per liter of water) to replenish their energy
reserves. Initially, the chicks were housed at a density
of 15 birds per cage (dimensions: 75 x 48 x 45 cm?®) and
allowed to acclimate to their new environment until they
reached 6 weeks of age. At this point, males were culled
from the flock based on breast plumage colouration.
The quail birds were then weighed and grouped into
three weight classes (123-130g, 131-137g, and 138-
144q) to enhance body weight uniformity. These groups
were randomly assigned to six replicates within each
weight class, with 10 birds per replicate. Each replicate
was provided with 360 cm? of space in the cages,
including sufficient room for both the birds and the
feeding equipment. The three weight groups interacted
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with three lay periods (6-8, 9-11, and 12-15 weeks) as
the birds progressed through egg production, resulting
in a 3x3 factorial treatment design.

Routine management practices, including feeding,
provision of water, cleaning, and egg collection, were
uniformly conducted across all replicates from the 6" to
the 15" week of age. From weeks 3 to 6, the birds were
provided with a high-quality chick starter diet, formulated
to meet standard energy and nutrient requirements,
including 2664.5 kcal’kg of metabolizable energy
(ME), 24.0% protein, 1.5% calcium, 1.06% lysine,
0.55% methionine, and 0.48% available phosphorus.
From the 6" week onward, all birds were switched to
a compounded layer mash diet, which supplied 2564.5
kcal/lkg ME, 18% protein, 3.13% calcium, 0.96% lysine,
0.45% methionine, and 0.42% available phosphorus.

Traits measured

Production data were collected weekly for each
replicate, including measurements of feed intake (g),
body weight (g), egg weight (AEW, g), and the number
of eggs laid. Water was provided ad libitum. Daily feed
intake (DFI, g) was calculated as the difference between
the amount of feed offered and the feed residue. Eggs
were collected and counted twice daily (morning and
evening) within each replicate to determine the total
number of eggs laid per day.

From above direct measurements, traits below
were derived within replicate. Average daily feed intake
(DFI, g) was estimated as total feed intake for the week
divided by (total number of birds x 7). Average body
weight (ABW, g) was calculated as total body weight
of birds divided by number of birds within replicate;
Average body weight gain (ABG, g) was determined as
average body weight in current week minus average
weight in previous week; Feed conversion ratio to
eggmass (FCRem) was taken within replicate as:
Kg feed intake for the week/kg egg produced. Feed
conversion efficiency to eggmass (FCEem, %) was
determined within replicate as: FCEem, % = {(kg egg
mass produced + kg feed intake) x 100}; where kg egg
produced is total weekly egg weight x total number of
eggs layed (kg). Average egg number per bird (AEN)
was determined as total number of eggs laid divided by
(number of birds x 7); Hen-day egg production (HDP, %)
was determined as {(total number of eggs laid x 100),
divided by (number of hens x 7)}; Average egg weight
(AEW, g) was determined as total egg weight divided
by total number of eggs weighed; and egg weight gain
(EWG, g) was taken as average weight in current week
minus average weight in previous week.

Three eggs per replicate were weighed and
evaluated for external and internal quality traits within
replicate weekly, from 6 to 15 weeks. The external



quality traits observed were Average egg weight
(EWT, g) determined as above; Egg height (EHT, mm)
determined as external distance between the two polar
ends of the egg; Egg diameter (EDM, mm) was taken
as external distance round the mid-region of the egg.

Derived external egg quality traits were:

Egg shape index (ESI, %) = (EDM + EHT) x 100. The
original formula modified by Bagh (2016) was used as
stated. ESI values <72, 72-76, >76 were regarded as
Sharp, Normal and Round egg respectively (Duman et
al., 2016)

Egg surface area (ESA, cm?) = 4.835 x AEW %%¢7  an
approximate method by Paganelli et al. (1974).........(2)

The egg shell weight with membrane was measured on
the Mettler balance after removal of the whole content,
rinsing with water and subsequent air-drying to obtain
constant weight. Average shell weight (SWT, g) was
determined as sum of shell weights for replicate divided
by number of shells for replicate

Average shell percentage (SPT, %) was determined as
(weight of air-dried egg shells divided by weight of fresh
eggs) = (dry SWT/EWT) x 100

Internal components of the egg were obtained by
carefully making openings with a scalpel round the sharp
end of the eggs, large enough to allow passage of the
albumen and the yolk without mixing together. Albumen
height (ALH, mm) was determined as height of the fresh
thick albumen (egg white) that immediately surrounds
the yolk. Yolk colour (YCL) was determined visually by
comparing with DSM/Roche standard yolk colour fan.
Yolk height (YHT, mm) was taken as the length of the
longitudinal side of the yolk; yolk diameter (YDM, mm)
was taken as the distance across the equatorial section
of the yolk.

For derived internal egg traits, albumen weight (AWT, g)
was calculated by subtracting YWT and SWT from the
weight of the whole egg, as: AWT = Whole EWT - YWT

Albumen percentage (APT, %) was determined as
(albumen weight divided by whole egg weight) x 100

Albumen quality index (AQI, %) was determined as:
(AHT = AWT) x 100, as modified from that presented by
Altuntas & Aydin (2014). It measures the freshness of

Yolk weight (YWT, g) was determined by difference as
(weight of Petri-dish + weight of egg yolk) — weight of
Petri-dish

Yolk percentage (YPT, %) was estimated as (yolk weight
divided by whole egg weight) x 100
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Yolk quality index (YQI, %) was determined as (YHT
+ YDM) x 100 (Onunkwo & Okoro, 2015). This index
measures the freshness of eggs. YQI values <0.28,
0.28-0.38 and >0.38 indicate Fresh, Regular and Extra-
fresh eggs respectively

Yolk albumen percent (YAP, %) was determined as
(YWT + AWT) x 100 .....(11)

Haugh unit (HUT, %) was determined as [100 x log (ALH
+7.57)]— (1.7 x EWT®%), (Jesuyon et al., 2021), where
ALH is albumen height (mm) and EWT is egg weight
(g). The Haugh unit measures the egg-white viscosity
and thus its quality

The equipment and tools used were digital balance
(Model: Emperors_EK5350, Camry, Zhongshan, China)
of 500 g capacity with 0.1 g sensitivity that was used
for weighing. Digital vernier calliper (sensitivity = 0.01
mm, Bombay Pvt Ltd., India) was used to measure egg
traits; DSM/Roche standard yolk colour fan; Mettler
Toledo balance (Model: ME104, Mettler, Singapore).
Micrometre screw gauge used to measure egg traits.

Experimental design and statistical analyses

The factorial treatment design was adopted. Body
weight was considered as Factor 1 with three classes (i
= 123-130, 131-137, 138-144, g) and laying period as
Factor 2 with three periods (j = 6-8, 9-11, 212 weeks of
age) in order to study the interaction effect between the
two factors. The completely randomized design (CRD)
in a 3 x 3 treatment factorial was adopted for the study.

The statistical model employed was of the form:
Y, = BW, +LP,+ (BWxLP), + & (13)

ijk
where Yijk = observed response due to body weight
i, in lay-period j, in replicate k; BW, is the effect of body
weight , (i = 1, 2, 3); LP, is the effect of laying-period |
(=1, 2, 3); (BWxLP), is the interaction effect of body
weight .and laying period i and éijk = random error effect
~ nid (0, &?). Data collected were subjected to 2-way
ANOVA  _ ., procedures of General Linear Model
(GLM) and regression ,_, .- of SAS® (2013). Significant
means were separated by Duncan Multiple-Range
Test (DMRT) __ .- Regression model for comparing
between body weight classes and between lay-periods
was of the form: Y = a + bX, + cX, + dX, + &, where Y=
response of a trait within body weight class /lay-period,
a = constant mean; b, ¢, d = power of covariation of trait
(X ,5) with Y; where X, to X, = predictor traits.

Null hypothesis: These was no significant interaction
of 6" week body weight and lay-period for response
traits evaluated.

Alternate hypothesis: There was significant
interaction between 6" week body weight and lay-
period for response traits evaluated.



RESULTS AND DISCUSSION

Interaction of 6" week body weight and lay-
period

Significant interaction effects of 6"-week body
weight and lay-period on body weight and egg quality
traits in experimental quails (p = 0.005-0.050, 95%
Cl: 0.30-6.97) were observed (Table 1). The average
body weight (ABW) showed a tendency to increase
across lay periods within each body weight class. The
lowest body weight was observed during the early
lay-period (6-8 weeks, 123-130 g body weight), while
the highest body weight was recorded during the late
lay-period (12-15 weeks, 138-144 g body weight) (p <
0.045, 95% ClI: 2.61). Two external egg quality traits,
eggshell thickness (EHT) and eggshell area (ESA),
exhibited significant interactions between body weight
and lay-period. EHT followed a bell-shaped trend, with
the highest values recorded during the mid lay-period
(9-11 weeks, 123-130 g body weight). However, in the
medium and high body weight classes, EHT increased
progressively across lay periods (p < 0.005, 95% CI:
0.30). ESA demonstrated a general increase across lay
periods in the 123-130 g and 138-144 g weight classes,
with a peak value observed during the mid lay-period
(9-11 weeks, 131-137 g body weight) (p < 0.049, 95%
Cl: 0.34). Among internal egg quality traits, albumen
quality index (AQI), yolk quality index (YQI), and Haugh
unit (HUT) showed significant interactions between
body weight and lay-period (p < 0.05, 95% CI: 6.91,
2.36, 1.44, respectively). Both AQI and HUT displayed
a linear increase across lay periods within the early
body weight class and followed a similar trend in the
middle (131-137 g) and high (138-144 g) body weight
classes, with minimum values recorded during the mid
lay-period (9—11 weeks). In contrast, YQI reached its
lowest values during the mid lay-period (9—11 weeks)
across all weight classes.

The interaction between 6"-week body weight
and lay-period is critical for optimizing egg productivity,
quality, and quail breeding management. This study
revealed that quails generally exhibited an increase in
body weight from the early to the late lay-period. Asimilar
increasing trend was observed for the interaction values
of average body weight (ABW) and eggshell thickness
(EHT). These improvements may be attributed to the
progressive increase in daily feed intake (DFI) and feed
conversion efficiency (FCE) across body weight classes
and lay periods. These findings highlight the importance
of tailored nutrition and feeding strategies that adjust
to the birds’ developmental phases to enhance body
weight and EHT. The eggshell area (ESA) values also
increased across lay periods within body weight classes,
likely due to the enhanced DFI and FCE. However, the
ESA value recorded at the mid lay-period (9-11 weeks,
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131-137 g body weight) appeared to be optimal for
achieving higher ESA. Quail farmers could aim for an
optimal ESA of 21 cm? or more to maximize productivity.
For internal egg quality traits, the increasing trends of
the albumen quality index (AQI), yolk quality index
(YQI), and Haugh unit (HUT) across lay periods within
each weight class were similarly attributed to high DFI
and FCE. However, the lower values recorded during
the mid lay-period (9-11 weeks) in medium (131-137
g) and high (138-144 g) weight classes might have
been caused by stress factors, such as heat, nutritional
imbalances, or poor management, which can reduce
feed intake. These stressors have been reported to
negatively affect albumen height, yolk colour intensity,
albumen pH, and the overall composition of albumen
and yolk, ultimately diminishing egg appearance and
quality (El-Tarabany, 2016; DSM, 2022). YQI serves as
a secondary indicator of egg freshness. Notably, yolk
quality in eggs produced during the late lay-period (12-
15 weeks, 131-137 g body weight) was classified as
“extra fresh” (DSM, 2022), highlighting the potential for
achieving superior egg quality during this phase.

Body weight appears to be a key determinant of
enhanced performance in traits such as egg surface
area (ESA), albumen quality index (AQI), and Haugh
unit (HUT). The interaction values for ABW, ESA, AQl,
and HUT observed in the 138-144 g body weight group
during the late lay-period (12-15 weeks) were superior
to those in lower weight and earlier lay-period groups.
These traits demonstrated an increasing trend with
higher 6"-week body weight and extended lay-periods.
However, the decline in trait values observed during
the mid-lay period (9-11 weeks) may be attributed to
production stresses, which likely impacted egg-laying
ability and quality. ESA is a critical measure that
quantifies the size of table eggs and facilitates the
exchange of heat, metabolic gases, and water vapour,
thereby determining eggshell permeability (Chang,
2021). Eggs produced by quails in the 138-144 ¢
weight class during the late lay-period (12-15 weeks)
exhibited the largest ESA, possibly allowing greater
exchange of these substances. This, however, could
lead to faster deterioration of such eggs unless effective
preservation techniques are applied. AQI is a physical
measure of egg freshness, based on the appearance of
albumen when the egg is broken on a flat surface. As
an egg loses freshness, the albumen spreads out due
to structural weakening, resulting in a lower AQI. The
AQI values observed in this study were consistently
high (>88%), confirming the excellent quality of the
eggs (Viswanathan et al., 2016). Similarly, the Haugh
unit, first introduced by Raymond Haugh in 1937,
remains a widely used indicator of protein quality based
on albumen height and egg weight. It is considered
one of the most critical egg quality metrics after shell
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thickness and strength (Yan et al., 2020). The observed
improvements in Haugh unit values across interaction
levels indicate better hen-day production, superior egg
quality, and enhanced preservation potential up to 15
weeks of age (Table 1). These findings contrast with
those of Samiullah et al. (2014), who reported a decline
in Haugh unit scores with advancing flock age. However,
the current study focused on eggs produced during the
early production life (6-15 weeks), where all eggs were
classified as “very good” to “excellent” on the Haugh unit
scale. Commercial eggs with Haugh unit scores below
60% are deemed “unfit for consumption” (Nematinia
and Mehdizadeh, 2018). The slight decline in AQI and
HUT values observed in the 131-137 g and 138-144
g body weight classes during the mid-lay period (9-11
weeks) could be attributed to egg production stress as
birds approached peak laying capacity. The findings of
this interaction study suggest that quail breeding and
management strategies should focus on achieving
an optimum sexual maturity body weight of 131-137
g at six weeks of age to maximize egg performance
and quality. This performance advantage persisted up
to the 15" week, with these birds outperforming their
lighter counterparts (123-130 g) in all traits. The lower
weight group exhibited reduced productivity and lower
economic efficiency. Overall, the general improvement
in traits within higher body weight classes highlights
the positive effects of body weight and lay-period on
egg productivity. Commercially important traits such
as ESA, AQl, yolk quality index, and Haugh unit play a
crucial role in determining egg quality. A fresh table egg
with a large surface area, high egg weight, and excellent
Haugh unit scores is likely to command a premium price
in the consumer market.

Effect of 6" week body weight on egg
productivity, internal, and external egg traits

Table 2 highlights the significant influence of 6"-
week (42 days) body weight on daily feed intake (DFI),
average body gain (ABG), feed conversion efficiency
(FCE), and egg weight (EWT) (p = 0.0719-0.050; 95%
Cl: 2.16, 7.45, 11.66, 0.24). ABG decreased as body
weight increased, whereas DFI, FCE, and EWT (Fig. 1)
reached their minimum values in the mid-weight class
(131-137 g). The 6™"-week body weight also significantly
affected external egg traits, including egg weight
(EWT), eggshell thickness (EHT), and egg surface area
(ESA). These traits exhibited their lowest values at the
mid-weight class (131-137 g) (p = 0.019-0.050; 95% ClI:
0.24, 1.68, 0.42). In contrast, the eggshell index (ESI)
decreased to its lowest value in the highest body weight
group (138-144 g) (p < 0.05, 95% CI: 1.31). Table 3
further illustrates the influence of body weight on yolk
height (YHT) and yolk quality index (YQI), which peaked
in the 138-144 g weight class. In contrast, Haugh unit
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Table 3. Effect of 6"'-week body weight and lay-period on internal egg quality of Coturnix coturnix japonica hens in lkole Nigeria

P-values

Lay-period (wks)

Body weight (g)

BxL
0.101
0.605

0.397

LP
0.005

BWT

95% ClI

SEM
0.094

0.089
0.638

12-15
4.75%

9-11
4.94b
4.02°

53.39°
82.392

3.70

3.20
8.082

131-137  138-144 SEM 95% ClI 6-8
4.94 4.70°

4.10
53.56

84.37

123-130

Trait

0.239

0.18
0.

0.17
0.16
1.19
4.03
0.

0.086
0.083
0.609

5.03
4.26

54.59

4.79
413
52.89

AWT*
AHT
APT

AQl

0.001

0.374

17

4.71°

3.792
53.27°
81.95°

0.050
0.001

0.072

1.25
4.

52.612

0.050

0.707
0.658
0.708
0.050

39

2.238
0.262
0.206
0.100
0.218

86.18°

2.058
0.297
0.189

0.092

86.29

87.41

0.666

0.599

0.51
0.40

0.20

3.90
2.93
8.84¢

3.65

2.59
8.022
21.99°
29.60
36.802
56.86
87.982

58
37

3.50

2.76
8.032
21.99
30.09
36.442
55.80
90.04°

3.97

3.04

8.52°
22.04

3.94
2.92
8.282F

YCL

0.953

0.092
0.001

0.

YWT
YHT

0.455
0.403
0.961

0.18
0.27
3.76
1.38
7.1
0.38
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(HUT) values demonstrated a linear increase across
weight classes, rising progressively from the lowest to
the highest body weight group (p < 0.05, 95% CI: 1.19,
0.58).

The observed increases in daily feed intake (DFI),
feed conversion efficiency (FCE), egg weight (EWT),
egg weight gain (EWG), eggshell thickness (EHT), egg
surface area (ESA), and albumen percentage (APT)
with increasing body weight in quails indicate that
the birds were provided with adequate nutrition and
received progressively larger feed quantities to support
their higher productivity. These increases also suggest
efficient feed conversion, as the birds effectively utilized
the consumed feed to improve egg production, egg
weight, and egg shape and quality (Edeh et al., 2020;
Ekinci et al., 2023). The enhanced ESA could positively
influence egg quality and hatchability, contributing to
better egg management for incubation in hatcheries.
Additionally, the improvement in albumen percentage
has implications for egg quality and its nutritional value.
To maximize these gains, adjustments to feed intake,
especially an upward adjustment to counteract the
decline in hen-day production (HDP) at mid-body weight
(131-137 @), are essential to optimize productivity and
profitability. The linear decline in body weight gain and
egg shape index (ESI) observed in the results reflects
a gradual reduction in the growth rate of birds and egg
production efficiency, with ESI values shifting toward a
“sharper” shape as 6"-week body weight increased. A
reduction in egg shape index below the normal range
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could negatively impact hatchability and market value
(Duman et al., 2016). Quails experiencing a linear
decline in weight gain may employ compensatory
mechanisms to sustain production and reproduction.
These mechanisms could include alterations in egg
shape, decreased energy expenditure, increased
appetite, and changes in nutrient metabolism (Coutinho
et al., 2018). However, these adaptive strategies
might result in trade-offs in egg quality. For instance, a
reduction in ESI may reflect a strategic energy allocation
shift to prioritize survival over egg production, possibly
compromising certain quality traits (Ross et al., 2021).

The reduced mid-weight values for daily feed
intake (DFI), feed conversion efficiency (FCE), and egg
weight (EWT) may be attributed to a slight reduction
of approximately 3.16 g in feed consumption within
this body weight class. This phenomenon could also
result from production-related stresses. The observed
reduction in hen-day production (HDP), albumen energy
(AEN), egg shape index (ESI), yolk height (YHT),
and yolk quality index (YQI) at higher body weights
likely reflects a shift in energy and nutrient allocation
toward maintenance, body reserves, and enhanced
performance of traits such as EWT, eggshell thickness
(EHT), egg surface area (ESA), albumen percentage
(APT), and Haugh unit (HUT), facilitated by improved
FCE. Interestingly, the maximum YHT and YQI values
observed at mid-body weight (131-137 g) suggest this
range as an optimal body weight for egg production.
In contrast, the body weight of 123-130 g at 6 weeks
associated with early sexual maturity (ESM) in this
study is lower than the 140 g reported at 42 days by
Filho et al. (2016). However, the age of sexual maturity
aligns with the 36-42 days reported for Japanese quails
(Camci et al., 2002) and the 5-6 week period observed
for quails receiving in-ovo injections of plant extracts (Al-
Shammari et al., 2019). Body size or weight has been
shown to positively influence egg number, egg weight,
and feed conversion ratio per gram of egg (FCR) (Jatoi
et al., 2013). Additionally, it is positively correlated with
egg length (r = 0.77) but negatively correlated with
albumen height (r = -0.003) and egg shape index (r =
-0.73) in Japanese quails (Ojo et al., 2011).

Effect of lay period on egg productivity,
internal, and external egg traits

Lay-period had significant and varied effects on
egg productivity traits, except for daily feed intake (DFI)
and egg shape index (ESI) (p = 0.001-0.050) (Table
2). Average body weight (ABW) increased, while feed
conversion ratio (FCR) and egg weight gain (EWG)
decreased linearly across successive lay-periods
(95% ClI: 1.27, 12.71, 1.22). Average body weight gain
(ABG) reached its lowest value at mid lay-period (95%
Cl: 2.98), whereas feed conversion efficiency (FCE),



albumen energy (AEN), hen-day production (HDP),
and egg weight (EWT) showed their highest values
at mid lay-period (95% CI: 26.59, 0.60, 3.22, 0.09).
Table 2 further reveals that lay-period had its most
pronounced effects on external egg traits, with EWT,
eggshell thickness (EHT), and egg surface area (ESA)
peaking during the late lay-period (9-11 weeks, 95%
Cl: 0.10, 3.09, 0.56). An increasing linear trend was
observed for egg density mass (EDM) (p < 0.028, 95%
Cl: 0.27), while shell weight (SWT) and shell protein
thickness (SPT) exhibited a decreasing linear trend with
successive lay-periods (p = 0.007-0.050; 95% CI: 0.01,
0.96). Table 3 shows that albumen percentage (APT)
and yolk dry matter (YDM) achieved maximum values
during the mid lay-period (9-11 weeks, p < 0.050, 95%
Cl: 1.25, 0.43). However, yolk quality index (YQI) was
at its lowest during the same period (9-11 weeks, p <
0.001, 95% ClI: 1.38). Successive lay-periods resulted in
increasing values for albumen weight (AWT), albumen
height (AHT), albumen quality index (AQlI), yolk height
(YHT), and Haugh unit (HUT) (p < 0.050, 95% CI: 0.18,
0.17, 4.39, 0.20, 2.24).

The effect of lay-period on quail productivity is
underexplored in the literature, likely due to limited
research in this area. However, findings indicate that
successive lay-periods contribute positively to the
productivity of laying quails, improving body weight and
both external and internal egg traits up to 15 weeks of
age. The observed linear increases in average body
weight (ABW), egg diameter mass (EDM), egg surface
area (ESA), albumen height (AHT), albumen quality
index (AQlI), yolk height (YHT), and Haugh unit (HUT)
suggest significant improvements in quail productivity,
with possible positive impacts on farm profitability
(Muhammad-Lawal et al., 2017). The progressive
increase in body weight could be linked to early high
hen-day production (HDP), larger egg weights, and
better bird health and welfare, all of which enhance farm
profitability. The improved egg diameter and surface
area are indicative of superior egg quality, which may
enhance consumer acceptance (Rath et al., 2015) and
increase the market value of eggs. A larger egg surface
area also reduces the risk of egg contamination and
enhances hatchability (Kostaman and Sopiyana, 2021).
Moreover, the upward trends in Haugh unit values,
albumen height, and albumen quality index reflect
higher egg quality, further reducing contamination risks
and possibly improving egg hatchability rates. Similarly,
the increasing yolk quality index not only enhances
the nutritional value of eggs but also boosts consumer
acceptance (Asare et al., 2024).

The peak values of feed conversion efficiency (FCE),
albumen energy (AEN), hen-day production (HDP),
egg weight (EWT), eggshell thickness (EHT), albumen
percentage (APT), and yolk dry matter (YDM) observed
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during the mid-lay period (9-11 weeks) highlight this
phase as the optimal period for performance across
these traits. These findings reflect the characteristic
growth (ogive) curve observed in avian species, where
trait performance initially rises and plateaus as the lay
period progresses (Fig. 2). The upward trend in the
early period indicates a steady improvement in nearly all
investigated traits, while the decline in shell percentage
thickness (SPT) from the late period suggests the need
for calcium supplementation starting from period 2 to
support eggshell formation. The sustained improvement
in FCE over successive lay periods highlights the
efficient utilization of nutrients from feed, facilitating the
development of key productivity traits such as average
body weight (ABW), average body gain (ABG), AEN,
HDP, EWT, egg diameter mass (EDM), egg surface
area (ESA), albumen height (AHT), albumen quality
index (AQIl), yolk height (YHT), yolk quality index
(YQI), and Haugh unit (HUT). These traits are crucial
for enhancing egg quality, productivity, and ultimately,
profitability for farmers.

The optimal values for feed conversion efficiency
(FCE), egg weight (EWG), and yolk diameter (YDM)
observed at 9-11 weeks align with the typical growth
curve of intensive egg-producing hens. This curve is
characterized by a peak in these traits during mid-lay,
followed by a period of stabilization before a subsequent
decline (Fig. 2). The reduction in egg weight, shell
thickness (SWT), and shell percentage thickness
(SPT) with advancing lay periods may be attributed to
genetic factors, an increasing yolk-to-albumen ratio,



and reduced nutrient mobilization. Additionally, factors
such as low bone resorption, linked to calcium and
bone metabolism adaptations for egg production, and
the physiological stress associated with aging and egg
production may contribute to these declines (Everts et
al., 2022). The 6-8 week period marks the onset of egg
production, characterized by the lowest values for these
traits, followed by improvements in feed efficiency and
trait values. The observed increase in productivity traits
across successive lay periods could be attributed to
the enhanced daily feed intake (DFI), body weight, and
feed conversion, which contribute to energy accretion
and better overall performance as birds approach peak
production. Furthermore, layers nearing full sexual
maturity continue to grow, leading to increases in body
weight, egg weight, egg diameter, hen-day production
(HDP), and egg number, driven by greater feed intake
and conversion during early lay periods (Davies, 2020).
The final period (12-15 weeks), which coincides with
the post-peak phase of egg production, was associated
with a deceleration in HDP.

Quail farmers should focus on managing body
weight, feed intake, and nutrition, with the goal of
achieving high feed conversion efficiency (low FCR)
to optimize albumen content in quail eggs. For optimal
albumen weight development, farmers should aim for
high hen weight at early sexual maturity (ESM) and
prioritize high feed efficiency during the late lay-period
(212 weeks). The findings of this study can guide quail
farmers in optimizing their nutrition, feeding strategies,
and management practices to enhance overall
performance, egg production, and quality. Additionally,
these insights can help farmers identify potential issues
in flock management and make informed decisions
based on performance records to optimize their
operations.

CONCLUSION

In conclusion, the findings from the current study
provide valuable insights that can help quail farmers
optimize resource allocation by focusing on factors that
significantly impact quail performance, egg production,
and profitability. The interaction of 138-144 g body
weight and lay-periods resulted in the best values
for ABW, ESA, AQI, and HUT, while 131-137 g body
weight by lay-periods produced the optimal EHT and
YQI values. Both 6"-week body weight and lay-period
independently contributed to improvements in feed
conversion efficiency (FCE), egg weight (EWT), egg
surface area (ESA), yolk quality index (YQI), and Haugh
unit(HUT). Increases in body weight positively influenced
daily feed intake (DFI), egg height (EHT), and yolk
height (YHT), though it led to reductions in egg shape
index (ESI) and albumen grade (ABG). Successive
lay-periods generally resulted in improvements in
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body weight (ABW), albumen grade (ABG), albumen
energy number (AEN), egg diameter (EDM), albumen
weight (AWT), albumen height (AHT), and albumen
quality index (AQI), while negatively impacting shell
percentage (SPT) and albumen percentage (APT).
The mid-lay period had a significant impact on the best
values of hen-day production (HDP), egg weight (EWG),
shell weight (SWT), and yolk diameter (YDM). Future
research should explore lay-periods beyond week 15 to
provide a more comprehensive understanding of quail
production, which will further guide farmers in improving
their practices for higher productivity and profitability.
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