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ABSTRACT

Egg quality traits in quail breeders depend on various factors which may influence embryo survival during
incubation, affecting the chicks' production and quality. The current study aimed to determine the effect of the laying
period on the external and internal quality of the egg, the chemical composition of albumen, yolk, and eggshell as
well as the reproductive parameters of quail breeders. A total of 450 quails (Coturnix japonica) obtained from the
same hatchery, were reared in a battery cage with a sex ratio of 1 male to 3 females. All the quails were subjected to
standard breeding conditions and fed a balanced laying diet. A total of 960 eggs were collected at two different
periods of the laying cycle, the beginning period of the laying (BP indicating 10 weeks of quail age) and the peak
period of laying (PP showing 20 weeks of quail age). At each laying period, 30 eggs were used to analyze the
various parameters of egg quality, and 450 eggs were randomly selected to assess the reproductive performances.
Overall, no differences in the external quality of eggs, such as egg length, egg width, and the egg shape index, were
recorded between the two laying periods. Apart from albumen weight that tended to be higher at the peak laying
period, the shell and the yolk weights were not affected by the period of laying. Additionally, Japanese quail tend to
deposit similar proportions of shell, aloumen, and yolk at the two periods of laying. Likewise, the rate of dry matter
of the three egg components, shell mineral concentrations, and yolk fat concentrations did not show any noticeable
variation with the laying period. The most significant effect of the laying period was related to the potential
reduction in the total protein content of the albumen and the yolk of eggs laid at the peak period of laying. Finally,
the laying period did not significantly affect the fertility and hatchability rate of the incubated quail eggs but slightly
improved the embryonic mortality rate during the peak laying phase.
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INTRODUCTION

To fight against food insecurity that increasingly threatens the growing world population, identifying alternative food
resources is a key intervention to improve and ensure dietary protein. The integration of game birds, such as geese,
guinea fowl, pheasant, and quail in FAO food security programs, has been recommended, especially for developing
countries (Geldenhuys et al., 2013). As in several African countries, Algeria must be oriented towards the diversification
of its animal protein resources due to its demographic growth, which may reach 74 million in 2050, and change
consumers’ eating habits, which is becoming more and more demanding. The development of quail farming could make
it possible to improve the population’s consumption of animal proteins (eggs and meat) at a lower cost (Kaci, 2015).

Hatching egg quality is a matter of great importance in the production of living and healthy chicks. Indeed, the
physical and chemical properties of an egg play an essential role in the proper development of embryos by protecting
them and ensuring their nutritional needs (Bai et al., 2016; D'Alba et al., 2016; Chen et al., 2019) and even serve as a
food source during the first days of the chick’s life (Abanikannda, 2007). However, as Zita et al. (2013) mentioned,
several factors affect the reproductive performances and egg quality of Japanese quails. Some are directly linked to the
animal (genetics, age of breeders, laying cycle), and others depend on the quails’ rearing conditions, such as nutrition,
rearing system, light, and temperature (Yambayamba and Chileshe, 2019, Ratriyanto et al., 2020), the sex ratio (Ipek et
al., 2004) as well as the storage and incubation conditions of the eggs (Kuurman et al., 2002).
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The quail egg-laying period ranges from 8 to 12 months for breeders (Chelmonska et al., 2008) and could continue
to 14 months for laying hens. This reproductive cycle is characterized by a beginning period of laying that lasts from the
time when quails start laying (6 weeks) (Daikwo et al., 2014) to the time when quails lay maximum eggs, namely the
peak laying period (17-22 weeks of age, Sauveur, 1988). The start of laying is a very critical period for female breeders.
Their transfer from the grower house to the breeders' house could lead to stressful conditions for females, which results
in poor laying start-up, and consequently low productivity and economic losses. Furthermore, it is well known that the
weight of a bird determines its sexual maturity. Thereby, the variability of body weight within female breeders causes
flock heterogeneity which may result in unsynchronized sexual maturity (delayed ovary development) and consequently
failure in the mating process and performance.

Indeed, in the hen species, the beginning-laying phase of the breeders is characterized by high variability in egg
quality, such as weight and egg fertility, most often attributed to the lack of uniformity of the flock (Pedroso et al., 2005).

The effects of breeder age were observed on the eggs’ external and internal characteristics (Zita et al., 2013; Nasti
et al., 2020), the eggs’ fertility (Majhi et al., 2016), and embryonic development (Pokhrel et al., 2018). Several studies
have revealed that during a laying period the weight of the eggs increases with the age of the breeders (Nasri et al.,
2020). On the other hand, the weight and thickness of the shell decrease (Travel et al., 2010), and the proportion of yolk
increases at the detriment of the albumen and shell proportions (Suarez et al., 1997). The beginning-laying period usually
leads to the production of many small eggs. However, the component proportions of the hatching egg are affected by egg
size. At the same breeders’ age, smaller eggs contain more proportion of yolk than larger eggs (Vieira and Moran, 1998).
It is well known that the egg yolk provides the nutrients for the developing embryo. However, the larger eggs, with a
smaller proportion of yolk provide less nutrient content which could negatively affect embryo development and,
consequently, incubation performance by increasing early and late embryo mortality. Moreover, the eggshell quality
greatly influences the viability of the embryo and the hatchability of the eggs (Portugal et al., 2014; Ergun and Yamak,
2017).

Few studies have reported the effect of the laying period on Japanese quail reproductive parameters and quail egg
quality so far. The objective of this study was to evaluate the effects of two laying periods of the breeders’ quail, the
beginning-laying period (BP) and the period of maximum production called the peak laying period (PP) on the external
and internal quality of the hatching eggs as well as the variation of reproductive parameters.

MATERIALS AND METHODS

Ethical approval
The study was approved by the scientific council of the Superior National Veterinary School of Algeria with
certificate reference 255/FDCS/2021.

Quails (Coturnix japonica) and protocol design

The current study was conducted at the farm of the technical institute of breeding, department of monogastric,
Ministry of agriculture and rural development, BABA ALI, Algeria. A total of 960 eggs were obtained from 450
Japanese quail breeders, housed in a five-story battery cage. Each story was divided into 3 cages of 30 quails each, with a
sex ratio of 3 females to 1 male. All the quails were subjected to the same standard breeding conditions and fed the same
layer diet containing 2700 kcal.Kg-1 of metabolic energy, 19.01% of crude protein, 4% of calcium, and 0.7%
phosphorous (ITELV, 1988).

All the eggs were collected at two different periods of the laying cycle, namely BP (at week 5 of egg production,
representing 10 weeks of quail age) and PP (week 10 of egg production, representing 20 weeks of quail age). At each
laying phase, 30 eggs were used to assess egg quality traits, and 450 eggs were randomly selected from eggs laid during
one week to analyze the reproductive and hatching performances. For both laying phases (BP and PP), each egg was
given individual identification and weighed by an electronic precision scale with 0.01g accuracy. The length and width
egg measurements were recorded by a caliper, and the egg shape index was calculated (SI = width/length x100; Smai et
al., 2018). At the end of the egg collection, the eggs for external and internal quality determination were transferred to a
feed analysis laboratory of the Superior National Veterinary School. However, those used for reproductive traits
assessment were set in a vertical incubator (La Nationale, France. Serial Number:4391) at a temperature of 37.7°C,
relative humidity of 60 %, and automatic egg-turning every 8 hours.

Measurements of egg quality

In the first step, each egg was broken. Afterward, eggshell, albumen, and yolk were carefully separated and
weighed by a scale with 0.0001 g accuracy to determine their fresh weights and then expressed them as a percentage of
whole egg weight (Zita et al., 2013). The dry matter (DM) of the three separated structures was determined by drying the
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samples at 80°C in a ventilated oven until constant weight (3 days). The chemical composition of each part of the quail
egg was determined according to the methods of AOAC (1990), namely, eggshell mineral matter, yolk and albumin
crude proteins, and yolk fat matter. Thus, the mineral matter of each dehydrated eggshell was determined by gradual
incineration (550°C) in a muffle furnace until all organic material was destroyed. The dry ash was weighed and then
expressed as a DM percentage. The crude proteins of the albumen and yolk were determined using the Kjeldahl method
by measuring the total nitrogen content and then using a factor of 6.25 to convert total nitrogen into crude proteins (CP =
total nitrogen x 6.25). The total fat of the yolk was determined by the Soxhlet method using petroleum ether as a solvent.
The extraction process lasted for 18 hours. After completion of the extraction, the solvent was evaporated, and the mass
of lipid remaining was dried in an oven, weighed, and then expressed as a DM percentage.

Reproductive performances determination

On day 14 of incubation, the eggs were removed from the incubator and candled to detect infertile eggs. On day 15
of incubation, the eggs were transferred to a hatcher where the temperature and relative humidity were maintained as
36.7°C and 80%, respectively. After hatching, the unhatched eggs were broken to investigate fertility that was expressed
as the fertile eggs/ incubated eggsx100. The hatchability of fertile eggs was determined as a number of chicks
hatched/fertile eggs x100. The hatchability of incubated eggs was calculated as the number of chicks hatched /number of
incubated eggs x100. Embryo mortality was obtained as the proportion of dead embryos out of the number of fertile eggs
(Hegab and Hanafy, 2019).

Statistical analysis

Data were descriptively presented as means and subjected to one-factor variance analysis (ANOVA) performed
with the Statview software (Abacus Concepts, 1996, Inc., Berkeley, CA94704-1014, USA). Version 4.57.0.0. Student-
Newman-Keuls test was used to detect the differences. The statistical significance was set at p < 0.05.

RESULTS AND DISCUSSION

Egg external traits

The external qualities of Japanese quail breeders’ eggs laid at BP and PP are presented in Table 1. The results
indicated that the laying period of Japanese quails did not affect the weight of the eggs (p > 0.05). Also, no variation in
the eggs’ length, width, and shape index was associated with periods of the laying cycle (p > 0.05). These findings are
consistent with those obtained by some previous research (Moula et al., 2014; Smai et al., 2018). In an experiment by
Smai et al. (2018), no difference in the egg weight of Japanese quails was observed between the two periods of laying
(10.2 vs 11.1 g, p > 0.05 at BP and PP, respectively). In contrast, other authors have reported different egg weights of
Japanese quail in various phases of the reproductive cycle. Some studies revealed an increase in egg weight during the
breeding cycle of Japanese quails (Nazligul et al., 2001). Zita et al. (2013) have reported that the egg weight increased in
quails by 18 % (p < 0.05) from the beginning phase of laying (week 9 of age) to the age of 21 representing the same peak
laying phase in the current study. Moreover, it has been found that the egg shape index changes with the breeders’ age
(Molnar, 2016; Rakib et al., 2016; Kraus et al., 2020). In the present study, the shape index of eggs laid by the quail
breeders remained unchanged on average over the two experimented periods of laying (77% vs 76% for BP vs PP,
respectively). These results are consistent with those reported by Zita et al. (2013) and Moula et al. (2014) but did not
agree with those of Orhan et al. (2001), who recorded a significant decrease in the form index of Japanese quail eggs by
their age. Investigations in breeder hens and Peking ducks indicated a higher egg form index towards the end of the
breeding season rather than the beginning (Romanoff and Romanoff, 1949; Kokoszynski et al., 2007). It is often
acknowledged that at the beginning of production, the smaller eggs have a rather spherical shape, which tends to
lengthen gradually during the laying period showing an ellipsoidal form for larger eggs (Gonzalez et al., 1982). This
change in egg shape is thought to result from a weakening of the muscle tone of the shell gland in older hens (Travel et
al., 2010).

Table 1. The effects of beginning and peak of laying periods on the external quality of eggs in Japanese breeder quails

Laying Periods

Trait SEM p-value*
BP PP

Weight () 10.72 11.18 0.20 0.12

Length (cm) 2.95 2.98 0.03 0.43

Width(cm) 2.28 2.28 0.02 0.89

Shape Index (%) 77.53 76.82 0.53 0.35

BP: Beginning laying period, PP: Peak laying period. SEM: Standard Error of the Mean. *Significant differences (p < 0.05).
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Egg components

The effects of the laying period (BP and PP) of Japanese breeder quails on the shell, albumen, and yolk weights, as
well as their proportions in relation to the weight of whole quail eggs, are presented in Table 2.The laying periods (BP
and PP) did not affect the weight of the different egg components, namely shell, albumen, and yolk (p > 0.05).
Moreover, the current results have revealed that the proportions of the different quail egg components, such as eggshell,
albumen, and yolk, do not change significantly with variations in the laying period (p > 0.05). Eggs tended to have the
same proportions of shell, albumen, and yolk at BP and PP periods. In contrast, Zita et al. (2010) recorded an increase in
the weight of all three egg components over the variation in quail laying periods. Similarly, Moula et al. (2014) reported
an impact of the laying period on the weights of the two nutritive components of the Japanese quail egg, namely
albumen, and yolk. An increase of +3 and +4 % was recorded for quail eggs laid at 20 weeks of age for albumen and
yolk, respectively. However, the same authors did not reveal any effect of the laying period on eggshell weight, whereas
Curtis et al. (1986) reported that the percentage of shell in hens’ eggs decreased throughout the production periods.
During the laying period spanning from the beginning to the peak, albumen proportion increased from 61.10% to
62.10%, however, the yolk proportion decreased from 30.97% to 29.75% during the same period (Nowaczewski et al.,
2010). Hegab and Hanafy (2019) attribute this variation in weight and proportion of the different egg constituents with
the laying period to the increase in weight, length, and width of the egg with the age of the breeders. Similarly, Cook et
al. (2005) reported a tendency in yolk proportion to be lower in large eggs than smaller ones.

As the egg size increases, the relative amount of yolk decreases. Flock age and egg size are major factors that
determine the albumen and yolk content in eggs (Nangsuay et al., 2011). Furthermore, Nasri et al. (2020) reported that
as breeders become older, ovulation intervals increase. This results in equal quantities of yolk synthesized by the liver
being deposited in fewer follicles causing higher yolk weights (Zakaria et al., 1983).

The effect of the laying period (BP and PP) of Japanese breeder quails on the shell, albumen, and yolk dry matter is
presented in Figure 1. The effect of the laying period of Japanese breeder quails on mineral eggshell content, total
protein albumen and yolk contents, and total yolk lipids is presented in Figure 2. No effect of laying period was noted for
the rate of dry matter of the shell, the albumen, and the yolk of Japanese quail eggs (p > 0.05). These results contrasted
with the finding of Ulmer-Franco et al. (2009), who reported that dry shell percentage was greater in eggs laid by
younger commercial broiler breeder hens than those laid by older hens. Similarly, Cook et al. (2005) and Nasri et al.
(2020) found that whites from eggs produced by older hens had lower solids content than those obtained from younger
hens. However, the latter authors showed that contrary to albumen DM, yolk DM percentage increased with breeder age.

The eggshell is the major source of minerals during the latter stages of embryonic development (Ono and
Wakasugi, 1984; Solomon, 2010). Thus, this component should be considered when setting eggs for incubation to
achieve successful hatching. In the current study, the laying period of Japanese quail breeders did not affect mineral
deposition in the eggshell, the mineral matter percentage remained constant throughout the two periods of laying. These
results are in agreement with the findings of Crosara et al. (2019), who reported that the contents of mineral eggshells are
the same throughout the broiler breeders’ life. Proteins are present primarily in egg albumen and egg yolk, while lipids
are almost exclusively in the yolk (Nangsuay et al., 2011). In the present study, the crude protein concentrations in each
of the albumen and yolk of quail eggs were influenced by the laying period. Both the yolk and albumen of eggs laid at
the BP of laying contained +28 % and +36 % more crude proteins, respectively, than those of eggs laid at the PP of
laying (p < 0.05). However, the laying period did not affect the concentration of the total lipid of the breeder quail egg
yolk. Thus, a similar lipids deposition was recorded at the two periods of egg production. These results were consistent
with those reported by Curtis et al. (1986), who noted a significant period effect on the percentage of albumen protein
with a gradual decline over the production period and those that reported no effect of flock age on the lipids contents of
hen egg yolk (Cook et al., 2005). In contrast, no variation in the yolk protein contents of eggs was observed to be
associated with hens’ ages (Cook et al., 2005).

Table 2. The effects of beginning and peak of laying periods on the shell, albumen and yolk weights, and their
proportions in relation to the weight of whole eggs in Japanese breeder quails

Laying Periods

1 *

Egg components Trait ™ op SEM p-value
Shell Weight () 5.33 5.74 0.16 0.07

Weight proportion (%) 49.57 51.17 0.87 0.20
Albumen Weight (g) 3.47 3.54 0.08 0.55

Weight proportion (%) 32.39 31.60 0.48 0.26
Yolk Weight (g) 1.52 1.58 0.15 0.75

Weight proportion (%) 14.25 14.33 1.49 0.97

BP: Beginning laying period, PP: Peak laying period. SEM: Standard Error of the Mean. * Significant differences (p < 0.05).
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Figure 1.The effects of beginning and peak of laying periods on shell, albumen and yolk dry mater in Japanese quail
breeders. BP: beginning laying period, PP: peak laying period, significant differences (p < 0.05).
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Figure 2. The effects of beginning and peak of laying periods on mineral eggshell content, total protein albumen and

yolk contents and total yolk lipids in Japanese quail breeders. BP: beginning laying period, PP: peak laying period, significant
differences (p < 0.05).
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Reproduction parameters: Fertility, hatchability, and embryo mortality

The effect of the laying period (BP and PP) of Japanese quail breeders on the fertility, hatchability, and embryo
mortality of the incubated and fertile eggs is shown in Table 3. The current results indicated that the laying periods did
not affect the fertility of the incubated eggs (p > 0.05). These results agreed with the findings of Ipek et al. (2004)
regarding Japanese quail and those of Santos et al. (2015) concerning European quail. According to these authors, the
laying period had no effect on egg fertility throughout the reproductive life of European quails. In contrast, Ipek et al.
(2004) have shown that the fertility of eggs in Japanese quails was lower at ages of 7-10 weeks than those of 15-18
weeks. This inconsistency in results may be due to a difference in the experimental protocol, such as the applied male-
female ratio. In poultry, the male is one of the main factors limiting the fertility of flocks (Farooq et al., 2018). In fact,
any delayed growth and sexual maturity in males affect sexual behaviors in young flocks, often caused by nutritional
factors or inappropriate light stimulation (Brillard, 2003). Previous studies have explained the improvement of fertility
rate at the peak of laying of quails by the acquiring of a greater number of mature ovarian follicles (Bagh et al., 2016).
The laying period of the Japanese quail breeders did not significantly affect the hatchability of the incubated and fertile
eggs (p > 0.05). However, statistical analysis revealed that the numerical values of hatchability rates tended to be slightly
higher, with + 3.5 % (p = 0.14) for incubated eggs and +3 % (p = 0.06) for fertile eggs during the peak laying period,
compared to the beginning laying ones. Similarly, previous studies have reported that the laying period, which is closely
related to the age of the breeders, has no effect on the hatching capacity of incubated eggs (Ipek et al., 2004; Smai et al.,
2018). Likewise, Smar et al. (2018) did not detect any significant variation in the hatchability of incubated eggs during
the breeding season of domestic quails. These authors recorded a numerical improvement in the hatching rate of the
incubated eggs of +7 % (p > 0.05) between the period of the beginning of laying (8-12 weeks of age) and the period
when the maximum eggs are laid (16th and 26th weeks of age). However, the recorded hatchability rate values remain
lower (70% vs. 75%, respectively, BP and PP), compared to the results of the current study. These low rates could be
explained by the sex ratio applied (1/2) by these researchers, which probably affected the fertility of the eggs and,
consequently, their hatchability rate. Some contradictory findings were also reported. Elibol and Brake (2006) recorded
better hatchability of incubated eggs in laying hens at the early-laying period, compared to the other periods of the
reproductive cycle. Seker et al. (2004) reported a higher hatchability rate of fertile eggs at the peak of laying (93.33%)
than at the beginning of laying (81.53 %). The variation in the hatching rate of fertile eggs during a reproductive cycle is
most often attributed to a variation in the quality of the eggs during that cycle (Sahan et al., 2014; Boleli et al., 2016). In
the current study, the laying period did not affect the embryo mortality rate of the incubated eggs (p > 0.05). A similar
result was reported by Santos et al. (2015) in European quail. However, a significant decrease of -40 % in the mortality
rate for the fertile eggs during the PP of laying is recorded (p = 0.05).

However, Majhi et al. (2016) and Amiar et al. (2017) noted a gradual decrease in embryo mortality of incubated
eggs from the beginning to the peak period of laying. In the same trend, Seker et al. (2004) recorded an improvement in
the embryonic mortality rates of fertile eggs over the two periods of the reproductive cycle. This is in contrast with
Wilson et al. (2003), who suggested an opposite effect of quail age on embryonic mortality due to the poor positioning of
the embryos before hatching. It should be noted that in poultry, several physiological parameters change with flock age
(O'Sullivan et al 1992). The most noticeable change is the increasing egg weight (North and Bell, 1991). Indeed, Hegab
and Hanafy (2019) reported that the embryonic mortality rate is lower for heavy eggs, compared to lighter eggs, which is
explained by the richness of heavy eggs in sufficient nutrient reserves, compared to lighter eggs.

Table 3. The effects of beginning and peak of laying periods on the fertility, hatchability, and embryo mortality of the
incubated and fertile eggs in Japanese breeder quails

Laying Periods

H _ *
Trait Parameters BP PP SEM p-value
Fertility (%) Incubated egg 95.11 94.89 1.03 0.88

Incubated egg 86.89 90.00 1.50 0.14
Hatchability (%) ]
Fertile egg 91.36 94.61 122 0.06
) Incubated egg 12.67 9.33 1.47 0.11
Mortality (%) .
Fertile egg 8.18 4.92 1.18 0.05

BP: Beginning laying period, PP: Peak laying period. SEM: Standard Error of the Mean. *Significant differences (p < 0.05).
CONCLUSION

In conclusion, the laying period shows stability in egg external quality, their overall composition, and in the most of

chemical components of albumen, yolk, and shell. Nevertheless, the peak of laying has a large negative impact on the

protein rate of albumen and yolk but without affecting the threshold egg quality needed for the successful development
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of the embryo. Eggs laid by quail breeders at the beginning and the peak periods of laying were of equal fertility and
hatchability performances. However, the low proteins could affect negatively chicks’ quality at hatch and their growth
performances. Further research must be conducted to draw more clear conclusions, determining the effect of quality of
eggs on growth performances of chicks hatched from eggs of different periods of laying cycle and examining the
possible interaction effects of the laying period with other factors such as egg storage duration.
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