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Feeding levels for the
Embrapa 051 laying hen
in a free-range system

Abstract — The objective of this work was to evaluate whether providing
different volumes of feed during rearing affects the productive potential and
egg quality of the Embrapa 051 laying hen lineage in a free-range system. A
total of 860 pullets were reared from 6 to 61 weeks of age. The experimental
design was completely randomized with four treatments and five replicates of
43 birds each. Treatments consisted of different feeding levels for pullets in
the rearing phase: 93, 100, 107, and 120% of the feeding level recommended
by a reference guide available in the literature. During the rearing phase, the
body weight and feed conversion ratio variables were evaluated. During the
production phase, egg production, egg mass, feed conversion ratio per dozen
eggs, and internal/external quality of the eggs were analyzed. The animals’
body weight increased with the increase in feeding level, especially in the
rearing phase. Layers that are heavier at the time of transfer reach the laying
peak earlier, but their persistency and production characteristics are reduced.

Index terms: egg production, extensive husbandry, feed consumption, growth
period, laying hens.

Niveis de alimentagdo para a poedeira
Embrapa 051 em sistema free range

Resumo — O objetivo deste trabalho foi avaliar se o fornecimento de diferentes
volumes de ragdo durante a recria afeta o potencial produtivo e a qualidade dos
ovos da linhagem de poedeira Embrapa 051, em sistema free range. Um total
de 860 poedeiras foram criadas de 6 a 61 semanas de idade. O delineamento
experimental foi inteiramente casualizado com quatro tratamentos e cinco
repeticdes de 43 aves cada uma. Os tratamentos consistiram em diferentes
niveis de racdo para poedeiras na fase de recria: 93, 100, 107 e 120% do
nivel de racdo recomendado por guia de referéncia disponivel na literatura.
Durante a fase de recria, foram avaliadas as variaveis peso corporal e razao de
conversdo alimentar. Durante a fase de producdo, foram analisadas a producio
de ovos, a massa de ovos, a taxa de conversdo alimentar por dizia de ovos e
a qualidade interna/externa dos ovos. O peso corporal dos animais aumentou
com o aumento do nivel de ragdo, especialmente na fase de recria. As aves
mais pesadas no momento da transferéncia atingem o pico de postura mais
cedo, mas sua persisténcia e suas caracteristicas produtivas sdo reduzidas.

Termos para indexacio: produgido de ovos, criacdo extensiva, consumo de
racdo, periodo de crescimento, galinha poedeira.

Introduction

The term “cage-free eggs” is becoming a common label on egg
cartons to identify production systems that improve animal welfare
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(Vizzier-Thaxton etal., 2016), a reason why an
increasing number of consumers choose to purchase
these products (Amaral et al., 2016). Free-range egg
production is predominantly carried out by small
producers using native chicken breeds, which are better
adapted to the region’s soil and climatic conditions
(Fonteque et al., 2014; Machado et al., 2018; Rocha
etal.,, 2019; Carvalho etal., 2020). However, it is
important to understand the nutritional requirements
of these rustic birds in order to develop new genetic
lines that have a high aptitude for foraging and a good
adaptability to various environmental conditions,
including forage type, climate variations, and extreme
thermal conditions (Dabbou et al., 2020; Forgiarini
et al., 2022).

Inthe 2000’s, Centro Nacional de Pesquisa de Suinos
e Aves, the research center for swine and poultry
of Empresa Brasileira de Pesquisa Agropecuaria
(EMBRAPA), began a breeding program for laying
hens to be used in family farming (Forgiarini et al.,
2022). The result was the Embrapa 051 (E051) hen
lineage, a hybrid of the Rhode Island Red and White
Plymouth Rock breeds selected at the research center
(Avila etal., 2020). These hens produce table eggs
with brown shells and are robust and adapted to less
intensive production systems, i.e., are intended for
rearing in free-range systems. They start laying at
approximately 21 weeks of age, maintaining a good
productivity for 70 weeks, with a potential production
of 345 eggs per housed bird, in addition to reaching a
weight of 2.6 kg at the end of the cycle, which allows
of their use for meat production (Figueiredo & Albino,
2000; Ledur et al., 2011; Avila et al., 2017).

The EO51 is, thus far, the only poultry breed
developed by an official research institution in Brazil
for small family farmers, who are less-resource
intensive and have a low capital (Avila et al., 2020). For
these farmers, the benefit is an increased productivity
compared with that of non-selected chicken rearings,
which, on average, produce 80 eggs per bird per
cycle and weigh ~1.8 kg (Avila et al., 2017; Forgiarini
etal., 2022). For small and medium-scale producers
with good technical skills and access to commercial
genetic lines, the benefit is a reduction of up to 5%
in production costs due to the hen’s greater robustness
and ease of handling (Miele et al., 2008).

For laying hens to reach their genetic potential and
maximize their egg production and feed use efficiency,

Pesq. agropec. bras., Brasilia, v.60, €03774, 2025
DOI: 10.1590/51678-3921.pab2025.v60.03774

it is crucial for them to achieve a proper body weight
and feed intake capacity at the beginning of the
production phase (Braz et al., 2011). In this phase, any
issues affecting these parameters in the rearing phase
are unlikely to be corrected (Coronado et al., 2023).
In addition, low or high levels of feeding not only
influence body weight but can also have a significant
impact on production costs (Rama Rao et al., 2014).
For these reasons, it is important to determine the ideal
feed intake of the EO51 laying hens, aiming to improve
their feed use efficiency and performance.

The objective of this work was to evaluate whether
providing different volumes of feed during rearing
affects the productive potential and egg quality of the
EO051 laying hen lineage in a free-range system.

Materials and Methods

All procedures carried out in the study were
approved by the ethics committee for animal use of x,
under protocol number 043/2021.

A total of 860 pullets from the E051 lineage, with
an initial average weight of 415+10 g, were reared from
6 to 61 weeks of age in a free-range system. The pullets
were housed in 20 experimental pens measuring
1.4x4.0 m (5.6 m?), with 43 birds each at a density
of 7.6 birds per square meter. Each unit was lined
with fresh wood-shavings bedding, approximately
10 cm deep, and equipped with tubular feeders,
nipple drinkers, and perches, with access to external
paddocks (15.6 m?) all day long.

The temperature and relative humidity inside the
poultry house were recorded daily using the 175 H1 data
logger (Testo do Brasil, Campinas, SP, Brazil), with
an accuracy of 0.1°C and 0.1% relative humidity. The
values obtained for average temperature and humidity
were 21.4+3.88°C and 82.2+5.54%, respectively.
Internal temperature was controlled through curtain
handling and fans positioned along the house.

Three feeding phases were adopted (Table 1):
initial, first to sixth week; rearing, seventh to fifteenth
week; and pre-laying, sixteenth to nineteenth week.
The experimental diets were based on corn and
soybean meal and formulated to meet the nutritional
requirements recommended by the Hy-Line Brown
Management Guide (Hy-Line International, 2011).
The feeds were mashed and weighed daily according
to the treatments, being offered once a day in the
morning.
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Up to the eighteenth week, a conventional lighting
program was used, with a decreasing photoperiod:
20-22 hours of light in the first week, gradually
reduced in the following weeks down to 10—12 hours
of light by the eighteenth week.

From the cighteenth week onwards, eight nests
were installed for egg collection, and an increasing

Table 1. Ingredients, nutritional composition, and
metabolizable energy of the experimental diets used in each
period of the rearing phase of Embrapa 015 layers.

Composition Period (weeks)
1-6 7-15 16-19
Ingredient (%)
Corn 62.72 64.46 70.05
Soybean meal 23.97 19.52 19.60
Wheat bran 9.33 12.00 2.50
Limestone 1.98 2.05 5.59
Dicalcium phosphate 0.73 0.67 1.09
Sodium chloride 0.40 0.40 0.43
DL-methionine 0.21 0.19 0.19
L-lysine 0.15 0.15 0.06
Vitamin and mineral premix" 0.30 0.30 0.30
BHT® 0.01 0.01 0.01
Mycotoxin sequestering agent® 0.20 0.20 0.20
Phytase® 0.005 0.005 0.005
Chemical composition (%)
Crude protein 17.72 16.24 15.16
Crude fiber 3.14 3.20 2.40
Calcium 1.20 1.20 2.61
Fat 3.18 3.26 3.13
Sodium 0.17 0.17 0.18
Linoleic acid 1.55 1.61 1.52
Available phosphorus 0.44 0.43 0.48
Total phosphorus 0.70 0.69 0.69
Digestible methionine 0.45 0.41 0.40
Digestible methionine+cystine 0.70 0.65 0.63
Digestible lysine 0.90 0.80 0.70
Digestible threonine 0.60 0.54 0.53
Energy (kcal kg™')
Metabolizable energy 2,880 2,885 2,900

WProvided per kilogram of product: 3,334,000 UI vitamin A, 666,800
UI vitamin D3, 10,000 UI vitamin E, 1,030 mg vitamin K3, 653 mg
vitamin B1, 2,000 mg vitamin B2, 980 mg vitamin B6, 8,335 mcg vitamin
B12, 3,267.3 mg pantothenic acid, 9,952 mg niacin, 554.3 mg folic
acid, 133.3 mg choline, 84 mg biotin, 3,330 mg copper, 16,600 mg iron,
3,3300 mg manganese, 666.5 mg iodine, 33,333 mg zinc, and 101 mg
selenium. @Butylated hydroxytoluene. ®Zeotek (Sanfer: Salud Animal,
Ciudad de México, Mexico), organoaluminosilicate sequestering agent.
Phyzyme (IFF Danisco Animal Nutrition & Health, St. Louis, MO, USA),
phytase feed enzyme with minimum activity of 10.000 units per gram.

photoperiod began, starting with 14 hours of light and
gradually increasing to 16 hours of light by the twenty-
fourth week. Egg production was recorded based on
four collections per day, at 9 am., 11 am., 2 p.m,
and 5.p.m. In each collection, the number of eggs
produced, the location of laying (bedding or nest), and
any identifiable dirty, cracked, deformed, or double-
yolked eggs were noted.

During the production phase after the eighteenth
week, all birds received the same amount of feed.
The nutritional composition of the diets was divided
into four periods (Table2): peak, nineteenth to
thirty-second week; lay II, thirty-third to forty-forth
week; lay III, forty-fourth to fifty-sixth week; and
lay IV, fifty-seventh to sixty-first week. Throughout
this phase, each hen had access to 30 g of forage
(Pennisetum purpureum Schumach. cultivar Mott and
Lolium multiflorum Lam.) per day.

The performance of the pullets was measured at
their sixth, ninth, eleventh, thirteenth, seventeenth,
and twentieth week of age. On the first day of each
week, all birds were weighed individually using the
DD-500 precision digital dynamometer (Instrutherm
Instrumentos de Medi¢do Ltda., Sdo Paulo, SP, Brazil),
with an accuracy of 0.01 g, in order to determine
their average body weight and calculate their feed
conversion ratio (FCR).

Performance was also evaluated from the twentieth
to the sixty-first week of age in 12 week cycles:
twentieth to thirty-second, thirty-third to forty-fourth,
forty-fifth to fifty-sixth, and fifty-seventh to sixty-one
weeks. Laying rate (%) was determined by recording
the daily egg production per bird in each experimental
unit, in each cycle. The FCR per dozen eggs (FCRy)
was calculated using the following formula:
FCRy = kilogram of feed consumed/dozen of eggs
produced. Egg mass (%) was obtained by multiplying
the percentage of eggs produced per bird per day by the
average egg weight in each replicate, multiplied by 100.

During the production phase, every six weeks,
20 eggs were selected from the total eggs produced,
based on their average weight. Cracked or deformed
eggs were not included.

Of the 20 eggs, 10 were weighed individually on a
digital scale with a precision of 0.01 g, and the data
were used to evaluate egg quality. Yolk color was
measured using the CR-410 digital colorimeter (Konica
Minolta Sensing Americas, Inc., Ramsey, NJ, USA)
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based on the Commission Internationale de I’Eclairage
system: L* luminosity; a* red/green coordinate;
and b* yellow/blue coordinate. Parameters a* and
b* were used to calculate parameter C* (chroma), a
measurement of color saturation, through the formula:
C* = (a**+b*?)” After all analyzes were finished,
the eggshells were washed with running water, air-
dried at room temperature for 72 hours, and weighed

individually on a digital scale with a precision of 0.01g.
Eggshell thickness was measured using the 536-101
digital caliper (Mitutoyo, Aurora, IL, USA) at three
equidistant points around the equatorial region of the
egg (Barbosa et al., 2012 Sem referéncia)

The remaining 10 eggs were subjected to a shell
strength test using the TA.XTplusC texture analyzer
(Stable Micro Systems, Surry, United Kingdom)

Table 2. Ingredients, chemical composition, and metabolizable energy of the experimental diets used in each period of the

production phase of Embrapa 015 layers.

Composition Period (weeks)
20-32 3344 45-56 57-61
Ingredient (%)
Corn 63.62 65.40 66.40 65.55
Soybean meal 21.77 19.83 17.97 18.06
‘Wheat bran 2.50 2.50 2.50 2.50
Soybean oil 1.22 1.07 1.16 1.52
Limestone 8.60 9.39 10.29 10.85
Dicalcium phosphate 0.81 0.45 0.30 0.25
Sodium chloride 0.40 0.38 0.38 0.40
DL-methionine 0.25 0.23 0.22 0.18
L-lysine 0.17 0.14 0.16 0.11
L-valine 0.09 0.07 0.07 0.04
L-threonine 0.04 0.02 0.02 -
Vitamin and mineral premix" 0.30 0.30 0.30 0.30
BHT® 0.01 0.01 0.01 0.01
Mycotoxin sequestering agent® 0.20 0.20 0.20 0.20
Phytase® 0.005 0.005 0.005 0.005
Calculated chemical composition (%)
Crude protein 15.80 15.00 14.25 14.14
Crude fiber 2.40 2.33 2.26 2.25
Calcium 3.70 3.90 4.20 4.40
Fat 4.15 4.03 4.12 445
Sodium 0.17 0.16 0.16 0.17
Linoleic acid 2.06 2.00 2.06 2.23
Auvailable phosphorus 0.43 0.36 0.33 0.32
Total phosphorus 0.64 0.57 0.53 0.52
Digestible methionine 0.47 0.44 0.42 0.38
Digestible methionine+cystine 0.69 0.66 0.63 0.59
Digestible lysine 0.83 0.76 0.73 0.69
Digestible threonine 0.58 0.53 0.51 0.49
Energy (kcal kg™)
Metabolizable energy 2,850 2,850 2,850 2,850

Provided per kilogram of product: 4,000,600 Ul vitamin A, 1,000,200 UI vitamin D3, 16,670 UI vitamin E, 1,674 mg vitamin K3, 480 mg vitamin BI,
4,000 mg vitamin B2, 1,633 mg vitamin B6, 10,000 mcg vitamin B12, 4,982 mg pantothenic acid, 16,670 mg niacin, 1,635 mg folic acid, 140,592 mg
choline, 100 mg biotin, 3,330 mg copper, 16,653 mg iron, 33,343 mg manganese, 566 mg iodine, 33,333 mg zinc, and 101 mg selenium. ®Butylated
hydroxytoluene. ®Zeotek (Sanfer: Salud Animal, Ciudad de México, Mexico), organoaluminosilicate sequestering agent. “Phyzyme (IFF Danisco
Animal Nutrition & Health, St. Louis, MO, USA), phytase feed enzyme with minimum activity of 10.000 units per gram.
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with a 2.00 mm rupture probe. The force required
to break the shell, expressed in kilograms-force, was
recorded. The contents of the eggs were placed on a
glass plate, where albumen height was measured using
the 3000 micrometer (Baxlo: Measuring and Precision
Instruments, Barcelona, Spain). This parameter was
used to calculate the Haugh unit through the equation:
HU =100 x log (h - 1.7 x w*¥7 + 7.57), where HU is the
Haugh unit, h is albumen height (mm), and w is egg
weight (g).

The experimental design was completely
randomized, with four treatments with five replicates of
43 birds each. Each pen was considered an experimental
unit. The treatments consisted of the following feeding
levels for pullets in the rearing phase: 93, 100, 107,
and 120% of the level recommended by the Hy-Line
Brown Management Guide (Hy-Line International,
2011). This guide was used instead of the newer version
released in 2016, because the E051 is a continuation
of a research that followed the previous guide of 2011
(Forgiarini et al., 2022; Silva et al., 2020).

The data were subjected to assumptions check.
Normality, homoscedasticity, and independence
of errors were verified using Shapiro-Wilk’s,
Bartlett’s, and Durbin-Watson’s tests, respectively.
All assumptions were met. The one-way analysis
of variance was performed. When significance was
detected, orthogonal contrasts were conducted,
adjusted for an unequal spacing between treatments
(93, 100, 107, and 120% of the reference feed), in
order to evaluate the linear and quadratic effects of
the different feed quantities on bird performance
during the rearing and production phases and on egg
quality. All analysis and results were considered at
5% of significance. All statistical procedures were
conducted with the R, version 4.0.5, software (R Core
Team, 2018) using the Ime linear mixed-effects models
package (Bates et al., 2015).

Results and Discussion

Feeding level was positively related to the body weight
of the pullets in the nineteenth, eleventh, thirteenth,
seventeenth, and twentiecth week of age (p<0.001).
The pullets that received 120% of the recommended
feeding level from the ninth to twentieth week showed
a heavier body weight than those subjected to the other
treatments (Figure 1). However, from the thirteenth

week onwards, all feeding levels resulted in a heavier
body weight than that recommended by the EO051
lineage guidelines (Figure 1).

The FCR from the sixth to eleventh week was linearly
reduced with increasing feeding levels (p<0.05), as
shown in Table 3. From the sixth to seventeenth and
from the sixth to twentieth weeks, the effect of feeding
level on FCR was quadratic (p=0.012 and p=0.002,
respectively). Furthermore, the feeding level of 93%
presented the best FCR in both of these periods.

The obtained results are an indicative that the
greater the amount of feed supplied during the rearing
period, the heavier the animal and the higher their
egg production. In this line, several authors concluded
that the weight of the pullet is the most practical and
common way to gauge flock quality, as heavier birds
at the onset of production tend to yield larger eggs
with a higher laying persistence (Bryden et al., 2021;
Coronado etal., 2023). However, relying solely on
body weight at the time of transfer to the production
house is not recommended and should be accompanied
by the bird’s developmental history.

According to Zuidhof (2020), the growth of laying
hens exhibits a multi-phase pattern. In the literature,
three growth-wave spams have been highlighted: the
first, approximately from the first to the sixth week of
age, marked by a rapid development of the digestive
system and vital organs; the second, from the sixth
to the twelfth week of age, when bone, muscle, and

Body weight (kg)

6 9 11 13 17 20
Week

——93 —4— 100 —=— 107 —=— 120
..@+- Recommendation of the guide for Embrapa 051

Figure 1. Body weight from the sixth to the twentieth week
of age of Embrapa 015 layers in the rearing phase fed with
different feeding levels.

Pesq. agropec. bras., Brasilia, v.60, 03774, 2025
DOI: 10.1590/S1678-3921.pab2025.v60.03774
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feather development is accentuated; and the third,
from the twelfth week until the end of the rearing
phase, when the bird’s reproduction system is fully
developed (Coronado etal., 2023; Zuidhof, 2020;
Klein et al., 2020). Ensuring an optimal growth in
each of these phases will directly impact the future
productivity of the layers. Moreover, fat reserve is
also preferred at the end of the rearing phase because
it will maintain egg production over time, even if the
birds are still growing and consuming less feed (Van
Eck et al., 2023).

The variation in feeding level during rearing had
an impact on laying rate both at the beginning and at
the end of the production phase (Table 4). During the
peak laying period (twentieth to thirty-second week of
age), a linear response in egg production was observed
as feeding level was increased throughout rearing
(p<0.01). Heavier birds at the time of transfer started
egg production ecarlier, showing an overall higher
production in the evaluated period.

Evaluating free-range layers with different
metabolizable energy requirements in the production
phase, Brainer et al. (2016) observed that those with
an adequate body weight during rearing were able to

maintain production in the initial weeks even when
dietary energy was low. This finding highlighted the
importance of preliminary rearing phases for egg
production, as also verified in the present study, in
which there was an association between this variable
and body weight. In this case, birds with a lower feed
consumption showed lower body weights at the end of
rearing and lower laying rates than those treated with
higher feeding levels.

Towards the end of the production cycle in the fifty-
seventh to sixty-first week, a quadratic response was
observed in the laying rate (p<0.001) with increasing
feeding levels during rearing (Table 4). Birds receiving
120% of the recommended feeding level showed the
lowest rates of 76.80% per bird per day. According
to Lara etal. (2019), heavier pullets tend to become
heavier hens throughout the entire production cycle,
showing a reduced laying persistence, typically
observed towards the end of the production cycle (Bain
etal.,, 2016). These findings are in agreement with
the results of the present study, in which layers that
consumed 120% of feed during rearing were heavier
and, therefore, had a lower laying persistence from the
fifty-seventh to sixty-first week of age.

Table 3. Means, standard error of the means (SEM), and statistical results of the linear (L) and quadratic (Q) orthogonal
contrasts for the feed conversion ratio (g g') of Embrapa 015 layers in three different periods of the rearing phase and at

four feeding levels.

Period Feeding level (%)™ SEM p-value

(weeks) 93 100 107 120 It Q
6-11 7.49 7.31 7.20 7.17 0.010 0.050 0.345
6-17 6.51 6.51 6.60 7.01 0.008 <0.001 0.012
6-20 6.67 7.10 7.42 7.72 0.006 <0.001 0.002

(WPercentage of feeding level recommended by the Hy-Line Brown Management Guide (Hy-Line International, 2011).

Table 4. Means, standard error of the means (SEM), and statistical results of the linear (L) and quadratic (Q) orthogonal
contrasts for the laying rate (percentage per bird per day) of Embrapa 015 layers in four different periods of the rearing phase

and at four feeding levels.

Period Feeding level (%)™ SEM p-value

(weeks) 93 100 107 120 L Q
20-32 73.80 74.40 75.80 80.20 8.155 <0.001 0.222
33-44 92.90 92.30 92.10 92.20 1.458 0.250 0.281
45-56 83.70 84.50 84.60 83.50 2.015 0.647 0.073
57-61 81.40 82.30 81.70 76.80 1.928 <0.001 0.010

(Percentage of feeding level recommended by the Hy-Line Brown Management Guide (Hy-Line International, 2011).
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Sonkamble etal. (2020) evaluated average egg
production in hens subjected to different degrees of
feed restrictions during rearing (control plus 20 and
30% of feed restriction), but did not observe any
differences between feed-restrained birds and the
control group. Araujo et al. (2008) and Neto (2003)
found that approximately 80% of the dietary energy
consumed by poultry is allocated to maintenance,
while the remaining 20% is used for egg production,
which would explain the lack of differences reported
by Sonkamble et al. (2020).

Compared with other breeds, E051 laying hens
showed an increased body weight, which may be
attributed to their more efficient feed conversion due
to their dual-purpose nature. This aligns with the
findings of Silva et al. (2020), who studied the effect
of feeding levels on E051 and Lohmann Brown hens,
observing a greater size and production for E051 hens.
In the present work, egg mass and FCR, were linearly
affected at the sixty-first week (p<0.05), showing a
reduction and an increase with higher feeding levels,
respectively (Table 5).

The layers fed 93% of the reference diet maintained
their laying rate and other productive characteristics
throughout the production phase, whereas those that

consumed 120% reached peak production faster than
those subjected to the other treatments. However,
the overall results suggest that being overweight
contributed to a decrease in laying rate and to a worse
egg mass and FCR,. These negative results in the
evaluated production variables could be explained
by the higher proportion of fatty liver in medium and
heavy layers during the production phase (Sibanda
et al., 2020). Since other authors did not observed any
effect of increasing dietary metabolizable energy on
egg mass (Jalal et al., 2007; Wu et al., 2008; Murugesan
& Persia, 2013), it is likely that this variable is more
associated with genetic factors or hen weight.

There was no effect of feeding level during the
rearing phase on the egg quality variables in any
of the evaluated periods (Table 6). The exception
was yolk color in twenty-fifth and fiftieth weeks,
when quadratic and linear effects, respectively, were
observed (p<0.05). Although Silva et al. (2020) did not
find any differences in the yolk color of hens fed with
different nutritional levels, this variable can be affected
by the diet provided during the laying phase, including
type of commercial feed, alternative ingredients, grass
intake, and form and amount of carotenoids available
(Hernandez, 2001; Reis et al., 2017).

Table 5. Means, standard error of the means (SEM), and statistical results of the linear (L) and quadratic (Q) orthogonal
contrasts for the egg mass (EM) and feed conversion ratio (FCR,) of Embrapa 015 layers at seven different ages in the

rearing phase and at four feeding levels.

Age Production” Feeding level (%)® SEM p-value
(weeks) 93 100 107 120 L Q
’s EM 42.86 4245 42.24 42.42 1.391 0.819 0.778
FCRy 1.49 1.47 1.47 1.48 0.023 0.876 0.481
3 EM 47.97 48.30 48.37 47.81 0.628 0.827 0.557
FCRy 1.52 1.51 1.50 1.51 0.021 0.910 0.759
37 EM 49.24 4991 50.21 49.72 0.570 0.662 0.344
FCRy 1.52 1.51 1.50 1.51 0.017 0.785 0.585
" EM 47.56 48.07 48.01 46.32 0.615 0.170 0.187
FCRy 1.63 1.61 1.60 1.63 0.023 0.878 0.272
EM 4591 46.41 46.57 45.92 0.955 0.962 0.603
%0 FCRy 1.63 1.60 1.59 1.62 0.030 0.841 0.313
EM 44.51 43.55 43.28 44.59 0.820 0.856 0.244
36 FCRy 1.76 1.74 1.73 1.71 0.032 0.422 0.976
61 EM 45.93 46.40 45.74 41.49 0.987 0.005 0.106
FCRy 1.74 1.71 1.73 1.85 0.031 0.028 0.114

(EM, in grams per bird per day; and FCRy, in kilograms per dozen eggs. ®Percentage of feeding level recommended by the Hy-Line Brown Management
Guide (Hy-Line International, 2011).
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Table 6. Means, standard error of the means (SEM), and statistical results of the linear (L) and quadratic (Q) orthogonal
contrasts for the internal (Haugh unit, albumen, and yolk color) and external (eggshell thickness and resistance to breakage)
quality of the eggs of Embrapa 015 layers at seven different ages in the rearing phase and at four feeding levels.

Age Quality® Feeding level (%) SEM p-value
(weeks) 93 100 107 120 L Q
HU 79.62 80.14 80.52 80.83 1.405 0.328 0.779
AB 59.44 60.20 60.70 60.88 0.193 0.401 0.702
25 YC 6.20 6.03 6.02 6.40 0.091 0.122 0.028
ET 0.36 0.37 0.37 0.37 0.013 0.756 0.761
RB 3.94 3.81 3.75 3.84 0.092 0.581 0.285
HU 86.97 85.18 84.69 87.23 1.120 0.746 0.107
AB 72.63 70.16 69.42 72.61 0.158 0.879 0.136
31 YC 7.56 7.64 7.70 7.73 0.156 0.525 0.821
ET 0.33 0.33 0.33 0.33 0.004 0.581 0.406
RB 3.66 3.71 373 3.68 0.076 0.889 0.513
HU 85.51 85.39 84.99 83.49 0.839 0.133 0.635
AB 70.92 70.67 69.99 67.58 0.130 0.112 0.644
37 YC 774 7.87 7.94 7.96 0.102 0.231 0.503
ET 0.35 0.34 0.34 0.34 0.007 0.587 0.719
RB 3.42 3.61 3.71 3.67 0.088 0.119 0.179
HU 76.05 75.91 76.32 78.54 0.811 0.055 0.336
AB 58.06 58.10 58.51 60.27 0.115 0.220 0.643
44 YC 6.97 6.92 6.90 6.97 0.088 0.969 0.565
ET 0.37 0.37 0.37 0.36 0.006 0.296 0.778
RB 3.48 3.60 3.65 3.58 0.123 0.593 0.386
HU 78.93 79.22 79.49 79.94 0.957 0.510 0.978
AB 61.78 61.75 61.93 62.83 0.136 0.612 0.827
50 YC 6.64 6.65 6.69 6.85 0.063 0.047 0.524
ET 0.37 0.37 0.38 0.37 0.005 0.766 0.487
RB 3.56 3.56 3.55 3.48 0.083 0.577 0.809
HU 73.02 72.47 72.19 72.40 1.260 0.781 0.760
AB 54.05 52.86 5230 52.92 0.157 0.693 0.574
56 YC 6.66 6.60 6.58 6.64 0.071 0.879 0.214
ET 0.40 0.39 0.39 0.40 0.006 0.970 0.263
RB 321 3.07 3.04 327 0.087 0.540 0.084
HU 81.95 81.04 80.90 82.74 0.692 0.386 0.124
AB 67.17 65.77 65.51 67.87 0.095 0.511 0.123
61 YC 6.85 6.98 7.07 7.09 0.099 0.147 0.492
ET 0.40 0.40 0.39 0.39 0.006 0.225 0.976
RB 321 3.24 3.26 322 0.125 0.993 0.794

(HU, Haugh unit; AB, albumen (%); YC, yolk color (chroma parameter C*); ET, eggshell thickness (mm); and RB, resistance to breakage (kgf).
@Percentage of feeding level recommended by the Hy-Line Brown Management Guide (Hy-Line International, 2011).

Conclusion

During the production phase, Embrapa 015 layers
that are heavier at the time of transfer reach their laying
peak earlier, but with reductions in egg persistency and
production characteristics.
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