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PAPER

Effect of diet nutrients density on performance and egg quality of laying
hens during the post-peak production phase of the first laying cycle under
subtropical climate

Seyed Mohammad Reza Khatibi, Heydar Zarghi and Abolghasem Golian

Faculty of Agriculture, Department of Animal Science, Ferdowsi University of Mashhad, Mashhad, Iran

ABSTRACT
An experiment was done to evaluate the effects of diet nutrients density on performance and
egg quality in laying hens during the post-peak production phase of the first laying cycle under
subtropical climate. A total of 768, 49-weeks-old Hy-Line-W36 laying hens were assigned in a
completely randomised design with six treatments, eight replicates, and 16 birds each.
Experimental treatments were given the diet with nutrients density recommended by the Hy-
Line-W36 guide for their age and level of production (100%) or were given 92, 94, 96, 98, and
102% of that. During the experimental period, the average ambient temperature and humidity
were 27.41±2.54 �C and 35±5%, respectively. By increasing diet nutrients density significantly
improved egg production (EP), egg weight (EW), egg mass (EM), feed conversion ratio (FCR).
Also, egg crude protein and yolk ether extract composition, egg special gravity and relative shell
weight significantly increased as increased diet nutrient density. Average bird’s daily feed intake
(FI), eggshell thickness, Haugh unit and solid percentage did not affect by diet nutrients density.
By linear broken-line models, the diet nutrients density for optimised EP, EM, and FCR were esti-
mated at 97.93, 97.57, and 100% of strain recommendation, respectively. It is concluded, laying
hens during the post-peak production phase of the first laying cycle and under subtropical cli-
mate was not able to adjust FI with diet dilution. Nutrient requirements varied to what product-
ive parameter was taken for optimisation. Optimum FCR was achieved when the diet was
formulated to followed strain recommendations.

HIGHLIGHTS

� Hy-Line-W36 laying hens during the post-peak production phase of the first laying cycle and
under subtropical climate cannot adjust their feed intake with dietary nutrients dilution.
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Introduction

The primary objective of poultry production is to
achieve a desirable performance by considering the
environmental issues related to intensive poultry oper-
ations (Rama Rao et al. 2014; Rehman et al. 2018).
Since feed express the significant cost of production
(Almeida et al. 2019), poultry producers often inter-
ested in feeding diets with low nutrients level to
reduce feed cost (Alagawany et al. 2020), while it may
not appear to supply sufficient energy and nutrients if
birds could not adjust feed intake with diet dilution
(Alagawany et al. 2014; dePersio et al. 2015;
Alagawany et al. 2020). It is critical to adjust the diet
nutrient density to the actual feed intake of the bird
to ensure sufficient consumption of nutrients (Leeson

and Summers 2009). Modern laying strains will pres-
ently have a small appetite and cannot accurately alter
feed intakes according to dietary nutrients density
(Jalal et al. 2007; dePersio et al. 2015). The genetic
potential of highly efficient birds, such as the Hy-Line-
W36, may be compromised by a diet designed for a
bird that can eat more (mHy-Line 2016). Therefore, a
higher density diet is required for a more efficient bird
to achieve production potential. Against the above
hypothesis, there were many reports assumed laying
hens can regulate their feed intake to maintain energy
and nutrients intake following requirements (Leeson
et al. 2001; Wu et al. 2007). However, this ability may
be affected by age and thermal conditions (Rama Rao
et al. 2014).
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The concept of phase feeding is based on the fact
as birds get older, their feed intake increases, while
egg mass output decreases (Saleh, Ahmed, et al.
2019). Therefore, laying hens should be provided suffi-
cient nutrients by adjusting the diet density with feed
intake in order to meet their requirements and to
allow them to reach their genetic potential (Leeson
and Summers 2009). On the other hand, the commer-
cial poultry industry faces a significant challenge dur-
ing summers with severe heat. High ambient
temperature is very disruptive for layers; it reduces
feed intake, egg production, egg weight, egg mass,
and feed efficiency (Sterling et al. 2003; Lin et al. 2004;
Mashaly et al. 2004; Saleh, Kirrella, et al. 2019). Under
hot weather, improved production should be possible
through modifications of diet composition to compen-
sate for the low feed consumption (Renaudeau et al.
2012; Saleh, Eltantawy, et al. 2019). Furthermore, the
majority of the studies have been conducted in tem-
perate conditions. In the event that the requirement
of nutrients depends on ambient temperature, too
(Peguri and Coon 1991). The recommendations gener-
ated in temperate environments may not be suitable
to apply laying hens reared in a hot climate (Rama
Rao et al. 2014).

Given this background, the present study was
conducted to evaluate the effect of dietary nutrients
density on production performance and egg quality of
Hy-Line-W36 laying hens during the post-peak produc-
tion phase of the first laying cycle (49–60weeks of
age) under a subtropical climate. Additionally, we
hypothesised that it is possible to estimate the ME
and nutrients requirement of Hy-Line-W36 laying hens
under subtropical climate.

Materials and methods

Feedstuffs analysis

Prior to the experiment, samples of the main ingre-
dients, (corn: DM, 88.0%; CP, 7.5%; wheat bran: DM,
88.1%; CP, 14.8% and soybean meal: DM, 89.5%; CP,
42.0%) were analysed by the methods described
(AOAC 2002) and (corn: ME, 3373 kcal/kg; dig Lys,
0.21%; dig Met, 0.15%; dig SAAs, 0.30%; dig. Thr,
0.23%, wheat bran: ME, 1300 kcal/kg; dig Lys, 0.43%;
dig Met, 0.17%; dig SAAs, 0.39%; dig. Thr, 0.35%, and
soybean meal: ME, 2420 kcal/kg; dig Lys, 2.25%; dig
Met, 0.52%; dig SAAs, 1.03%; dig Thr, 1.39%) were
measured by NIR through Evonik Co. (Evonik
Nutrition& Care GmbH) agent in Tehran, Iran. These
values were used for experimental diets formulation.

Birds, housing and diets

Considering that the aim of this study was to deter-
mine the effects of dietary nutrient density in a sub-
tropical summer climate on layer performance, so the
trial was conducted in a closed house with proper
ventilation conditions during the summer season (July,
August, and September), considered as oppressively
hot months in the northeast of Iran. The experiment
was done at the Poultry Research Farm, Ferdowsi
University of Mashhad, Mashhad, Iran (59� 260 3000 E
longitude, 36� 250 1800 N latitude, and Elevation
1083m), by using a total of 768, 46-week-old Hy-Line-
W36 laying hens. The birds were individually weighed
and randomly assigned in a completely randomised
design with six treatments, eight replicates, and 16
each. The birds were housed four per cage (40 cm �
45 cm wire-bottomed cage, corresponding to 450 cm2

per hen), and every four adjacent cages contained 16
birds served as an experimental unit. Each cage was
equipped with a feeder and a nipple drinker to pro-
vide birds with free access to feed and water. The
house temperature and relative humidity were
recorded through the experimental period. The incan-
descent lights were used to provide 16 L:8D cycle.

During the 3-week-adaptation period, birds fed an
industry-type diet, daily feed intake, and egg produc-
tion were recorded, which were 100 g/bird and 86%,
respectively. Six experimental diets were formulated
on a least-cost basis using corn, soybean meal, wheat
bran, and soybean oil to give the daily metabolisable
energy (ME), nutrients (CP, Ca, available Phosphorus,
Na, dig Lys, dig SAAs, and dig Thr) corresponding to
strain (mHy-Line 2016) recommendation for their age
and level of production (100%) or were given 92, 94,
96, 98 or 102% of that amount (Table 1). Birds were
fed experimental diets for 12 weeks. All birds had free
access to mash feed and water throughout
the experiment.

Production performance

All hens were weighed at the beginning and end of
the experimental period. Egg production (number and
weight) and mortality were recorded daily, whereas
performance traits were calculated and compiled at
every 28 days intervals (49–52, 53–56, 57–60weeks).
For egg quality traits, six eggs/replicate (48 eggs/treat-
ment) from eggs laid during the three consecutive
days at the end of each period (26–28 days) were ran-
domly selected and transported to Egg Quality
Laboratory in Ferdowsi University of Mashhad,
Mashhad, Iran.
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Daily energy and nutrient consumption

The average daily energy and nutrients intake were
calculated by using feed consumption information and
experimental diets analysed composition.

Statistical analysis

All data were analysed for normality using SAS 9.1
software through the Univariate plot normal proced-
ure (SAS 2004). The data were analysed by using the
General Linear Model procedure, with a one-way
model and dietary nutrient density as independent
variables. Orthogonal polynomials for linear and quad-
ratic responses to diet nutrients density were calcu-
lated to explore the relationships between dietary
nutrients level as independent variables and the
respective traits as dependent variables. The dietary
nutrients density for maximum response in perform-
ance variables, that is R2 was significant, were pre-
dicted using the single-slope broken-line regression
model using the nonlinear modelling option in SAS
with the dietary nutrients density as the independent
variable (Robbins et al. 2006; Ghavi et al. 2020; Zarghi

et al. 2020). The iterative procedure makes repeated
estimates for coefficients and minimises residual error
until the best-fit lines are achieved:

Y ¼ Lþ U � R� Xð Þ � I

Where: X ¼ Independent variable, R ¼
Requirement, Y ¼ Dependent variable, L ¼ Theoretical
maximum, I¼ 1 (if X< R) or I¼ 0 (if X> R), and U ¼
Constant rate. The coefficient of determination (R2)
was determined as follows: R2¼ 1 � (Residual sum of
squares/Corrected total sum of squares).

Results

The average ambient temperatures were
27.41 ± 2.54 �C with an average relative humidity of
35 ± 5% during the experimental period (Figure 1).

Egg production performance

The results for egg production performance indices
are presented in Table 2. There was a considerable
positive reaction to increasing diet nutrients density

Table 1. Ingredients and nutrients composition of experimental diets.

Items

Nutrients densitya

92% 94% 96% 98% 100% 102%

Ingredient (as fed basis), g/kg
Corn (ME ¼ 3373 kcal/kg, CP ¼ 7.5%) 598.20 586.80 575.50 564.10 552.80 541.40
Wheat bran (ME ¼ 1300 kcal/kg, CP ¼ 14.8%) 67.50 56.00 44.50 33.00 21.50 10.00
Soybean meal (ME ¼ 2420 kcal/kg, CP ¼ 42%) 202.60 215.20 227.90 240.50 253.20 265.80
Soybean oil (ME ¼ 8820 kcal/kg) 10.00 18.20 26.30 34.50 42.60 50.80
Dicalcium phosphate (P¼ 18.7%) 15.00 15.60 16.20 16.80 17.40 18.00
Limestone 95.70 97.20 98.80 100.30 101.90 103.40
Common salt 3.60 3.70 3.70 3.80 3.80 3.90
DL-Methionine 1.50 1.50 1.60 1.60 1.70 1.70
L-Lysine-HCL 0.70 0.60 0.40 0.30 0.10 0.00
L-Threonine 0.20 0.20 0.10 0.10 0.00 0.00
Vitamin Premixb 2.50 2.50 2.50 2.50 2.50 2.50
Mineral Premixc 2.50 2.50 2.50 2.50 2.50 2.50

Determined nutrient compositiond, as-fed basis
Metabolisable energy, kcal/kg 2700 2750 2801 2851 2901 2951
Crude protein, % 14.20 14.46 14.72 14.98 15.25 15.51
Calcium, % 4.12 4.19 4.26 4.34 4.41 4.48
Phosphorus (available), % 0.42 0.43 0.44 0.44 0.45 0.46
Sodium, % 0.17 0.17 0.17 0.18 0.18 0.18
Digestible Lysine, % 0.67 0.68 0.69 0.70 0.71 0.72
Digestible Methionine, % 0.35 0.36 0.37 0.37 0.38 0.39
Digestible sulphur amino acids, % 0.56 0.57 0.58 0.59 0.60 0.61
Digestible Threonine, % 0.46 0.47 0.48 0.48 0.49 0.50

aAs Hy-Line-W36 (mHy-Line 2016) Management guide recommendations.
bVitamin premix supplied the following per kilogram of diet. vitamin A (all-trans-retinol), 4400 U; vitamin D3 (cholecalciferol), 1000 U; vitamin E (a-tocoph-
erol), 11 U; vitamin K3 (menadione), 2.33mg; vitamin B1 (thiamin), 2.97mg; vitamin B2 (riboflavin), 4.4mg; vitamin B3 (niacin), 22mg; vitamin B5 (panto-
thenic acid), 10mg; vitamin B6 (pyridoxine), 4.45mg; vitamin B9 (folic acid), 1.9mg; vitamin B12 (cyanocobalamin), 0.011mg; vitamin H2 (biotin),
0.18mg; choline chloride, 487.5mg, antioxidant 1.0mg.

cMineral premix supplied the following per kilogram of diet. Zn (zinc oxide), 75mg; Mn (manganese oxide), 75; Fe (iron sulfate), 75; Cu (copper sulfate),
5; I (ethylene diamine dihydroiodide), 0.76; Se (Sodium Selenite), 0.1; choline chloride, 474.0.
dThe determined ingredient analysis was used to calculate nutrient composition (crude protein, calcium and sodium were measured by the AOAC (2002)
methods; metabolisable energy, digestible amino acids and available phosphorus were measured by NIR analysis.
ME: metabolisable energy; CP: crude protein.
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on hen-day egg production (EP), egg mass (EM), and
feed conversion ratio (FCR) either during any particular
28 days period or over the entire experiment (linear
effect, p< .01) and egg weight during the first 28 days
period and whole experimental period (linear effect,
p< .05). The results showed, birds fed the diet con-
taining 102% nutrient density as strain recommenda-
tion performed the highest EP and EM, which were
13.88% and 16.55% higher than those fed diet con-
taining 92% nutrient density as strain recommenda-
tion, respectively. The feed conversion ratio was the
lowest in the birds fed the diet with 100% nutrient
density as strain recommendation, and it was
improved 13.11 than that fed diet with 92% nutrient
density. The feed intake (FI) was not affected (p> .05)
by dietary nutrients density during the different
phases and over the entire experiment.

The effect of dietary nutrient density on live body
weight is reported in Table 3. Diet nutrients density
linearly effect (p< .05) live body weight at the end
and bodyweight difference between the initial and
end of the experimental period. The average live body
weight at 60weeks of age was increased by increasing
diet nutrients density. The average live body weight
was highest in the birds fed the diet with 102% nutri-
ent density as strain recommendation, and it was
absolutely 78 g higher than a fed diet with 92% nutri-
ent density as strain recommendation (1711 g vs.
1633 g LBW).

Significant linear responses due to increasing diet-
ary ME and nutrients density is observed for economic
performance (Table 4). Egg income, feed cost, and
economic benefit (EB) linearly effect (p< .001), by
increasing diet ME and nutrients density for either
during any particular 28 days period or over the
entire experiment.

Table 2. Effect of diet nutrients density on egg production,
egg weight, and egg mass of laying hens during the post-
peak production phase of the first laying cycle under subtrop-
ical summer conditionsa.

Items
49–52
weeks

53–56
weeks

57–60
weeks

49–60
weeks

Nutrients densityb, % Hen-day egg production, %

92 80.86 70.05 69.97 73.63
94 82.95 73.52 73.34 76.60
96 83.88 77.40 76.27 79.18
98 84.24 77.45 75.89 79.20
100 86.33 80.00 78.05 81.46
102 86.83 83.73 80.98 83.85
SEMc 1.15 1.03 0.99 0.82

Regression analysis
Linear 0.001 0.001 0.001 0.001
Quadratic 0.740 0.670 0.570 0.580

Egg weight, g/egg

92 59.83 62.20 64.22 62.08
94 59.55 62.29 64.65 62.16
96 60.79 63.98 65.72 63.49
98 60.33 62.76 65.05 62.71
100 61.57 64.38 65.67 63.87
102 61.21 63.37 65.81 63.46
SEM 0.63 0.68 0.86 0.64

Regression analysis
Linear 0.020 0.066 0.141 0.037
Quadratic 0.945 0.366 0.677 0.595

Egg mass, g/hen/day

92 48.42 43.68 44.93 45.67
94 49.51 45.83 47.42 47.59
96 51.06 49.99 50.14 50.40
98 50.90 48.77 49.37 49.68
100 53.28 51.65 51.25 52.06
102 53.25 53.18 53.27 53.23
SEM 0.96 0.86 0.86 0.75

Regression analysis
Linear 0.001 0.001 0.001 0.001
Quadratic 0.795 0.328 0.498 0.456

Feed intake, g/hen/day

92 103.34 101.16 101.66 102.05
94 103.48 102.65 103.54 103.22
96 104.38 104.01 103.69 104.02
98 102.81 101.02 101.51 101.78
100 102.71 100.27 100.58 101.19
102 104.36 103.88 103.79 104.01
SEM 0.61 1.48 1.51 1.15

Regression analysis
Linear 0.816 0.785 0.967 0.883
Quadratic 0.550 0.877 0.868 0.805

Feed conversion ratio

92 2.142 2.320 2.266 2.243
94 2.102 2.242 2.185 2.177
96 2.048 2.083 2.072 2.068
98 2.025 2.075 2.059 2.053
100 1.935 1.947 1.966 1.949
102 1.965 1.956 1.950 1.957
SEM 0.040 0.029 0.027 0.028

Regression analysis
Linear 0.001 0.001 0.001 0.001
Quadratic 0.557 0.051 0.117 0.142

aData are means of 8 groups of 16 hens each.
bAs Hy-Line-W36 (mHy-Line 2016) Management guide recommendations.
Abbreviation. SEM, Standard error of the means.
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Daily ME and nutrients intake

The daily consumption of ME, CP, Ca, available
Phosphorus, Na, dig Lys, dig Met, dig SAAs, and dig
Thr per bird/day was computed using the daily feed
intake data, and the analysed diets ME and nutrients
composition are shown in Table 5. The results showed
by increasing dietary nutrients density significantly
and linearly (p< .01) increased bird’s daily energy and
nutrients intake either during any particular 28 days
period or over the entire experiment. The birds that
fed a diet with 96% or over nutrients density as strain
recommendation showed daily ME and nutrients con-
sumption equal to strain requirements recommended
for the post-peak production phase of the first laying
cycle (mHy-Line 2016).

Egg weight and shell quality

The effect of dietary nutrient density on egg quality
traits sampled at the end of any particular 28 days
period (52, 56, and 60weeks of age) are shown in
Table 6. As dietary nutrients density increased, yolk
and albumen weight, egg special gravity, and egg
relative shell weight linearly increased (p< .01). Shell
thickness and haugh unit showed a non-significant
response to increasing dietary nutrients concentration.

The egg composition sampled at the end of the
experimental period (at 60weeks of age) is given in
Table 7. Yolk ether extract and yolk, albumen, and
whole crude protein composition linearly increased
(p< .001) as dietary nutrients density increased. But
yolk, albumen, and whole solid and whole ether
extract showed non-significant responses to increasing
dietary nutrients density (p> .05).

Discussion

The thermo-neutral zone of the laying hens is gener-
ally between 18–25 �C. The environmental condition
includes average ambient temperatures and average
relative humidity in this experiment were 24–34 �C
and 35± 5%, respectively. This result shows that the
birds were reared under a subtropical climate, heat
stress can profoundly affect the productivity of a flock.
At environmental temperatures above 33 �C, high mor-
tality and large production losses are readily evident,
but at less extreme temperatures, heat stress is often
overlooked as a cause for poor growth or subtle losses
in egg production and shell quality (Lin et al. 2004;
Renaudeau et al. 2012).

Table 3. Effect of diet nutrients density on feed intake, feed
efficiency, and body weight of laying hens during the post-
peak production phase of the first laying cycle under subtrop-
ical summer conditionsa.

Items

Body weight, g/hen Weight difference

49 weeks
of age

60 weeks
of age

(49 weeks with
60 weeks of age)

Nutrients densityb, %
92 1446 1633 186.88
94 1444 1651 206.56
96 1446 1657 210.63
98 1443 1653 210.63
100 1451 1704 252.97
102 1448 1711 263.13
SEM 40.53 43.38 61.77

Regression analysis
Linear 0.348 0.018 0.025
Quadratic 0.722 0.967 0.793

aData are means of 8 groups of 16 hens each.
bAs Hy-Line-W36 (mHy-Line 2016) Management guide recommendations.
Abbreviation. SEM, Standard error of the means.

Table 4. Effect of diet nutrients density on economic per-
formance of laying hens during the post-peak production
phase of the first laying cycle under subtropical summer
conditionsa.

Effects
49–52
weeks

53–56
weeks

57–60
weeks

49–60
weeks

Nutrients densityb, % Income, $/henc

92 1.48 1.34 1.37 4.19
94 1.51 1.40 1.45 4.37
96 1.56 1.53 1.53 4.62
98 1.56 1.49 1.51 4.56
100 1.63 1.58 1.57 4.78
102 1.63 1.63 1.63 4.88
SEM 0.004 0.010 0.011 0.024

Regression analysis
Linear 0.001 0.001 0.001 0.001
Quadratic 0.619 0.786 0.845 0.669

Feed cost, $/hend

92 0.66 0.64 0.64 1.94
94 0.68 0.67 0.68 2.02
96 0.70 0.70 0.70 2.10
98 0.71 0.70 0.70 2.11
100 0.73 0.71 0.72 2.16
102 0.76 0.76 0.76 2.28
SEM 0.030 0.027 0.026 0.068

Regression analysis
Linear 0.001 0.001 0.001 0.001
Quadratic 0.804 0.322 0.485 0.428

Income minus feed cost, $/hen

92 0.83 0.69 0.73 2.25
94 0.84 0.73 0.77 2.34
96 0.86 0.83 0.84 2.52
98 0.84 0.79 0.81 2.44
100 0.90 0.87 0.85 2.62
102 0.87 0.87 0.87 2.60
SEM 0.029 0.022 0.729 0.062

Regression analysis
Linear 0.001 0.001 0.001 0.001
Quadratic 0.724 0.210 0.310 0.330

aData are means of 8 groups of 16 hens each.
bAs Hy-Line-W36 (mHy-Line 2016) Management guide recommendations.
cEgg income was calculated by multiplying the cost of average egg cost
during the experimental period by the total amount of egg mass laid in
experimental period. The average egg price was $1.09/kg.
dFeed costs were calculated by multiplying the cost of each diet (based
on the local price of feed ingredients in each diet) by the total amount
of feed consumed in experimental period. The feed costs per 1000 kg of
diet for treatments 92% to 102% were $226.55, $233.48, $240.40,
$247.33, 254.26 and $261.19, respectively.
Abbreviation. SEM, Standard error of the means.

ITALIAN JOURNAL OF ANIMAL SCIENCE 563



Egg production performance

With regards to the results obtained from this experi-
ment, Hy-line-W36 laying hens were not able to
express feed intake relative with distinction in dietary
nutrients density during 49–60 weeks of age under
subtropical conditions. But significant linear improve-
ment due to an increase in dietary nutrients density
as observed for EP, EM, and FCR (Table 2). Breeding
programs in layers for higher feed efficiency have

been associated with reduced body size
(Thiruvenkadan et al. 2010; Leenstra et al. 2016), this
propelled to low feed consumption-ability (dePersio
et al. 2015). Hence, present strains of laying hens have
a limited gastrointestinal tract volume to increase feed
intake adjusted with diet dilution (Leenstra et al.
2016). Against our and above results, some researchers
(Harms et al. 2000; Wu et al. 2005; Wu et al. 2007;
Rama Rao et al. 2014) reported, hens would directly
alter their feed consumption in light of nutrient

Table 5. Calculated daily absolute intakes of ME and selected nutrients in the laying hens during the post-peak production
phase of the first laying cycle under subtropical summer conditionsa.

kcal/hen/day
g/hen/day mg/hen/day

Items ME CP Ca Ava P Na Dig Lys Dig Met Dig SAA Dig Thr

Strain recommended 282–292 15.25 4.40 450 180 710 348 596 497
Nutrients densityb, % 49–52 weeks of age

92 279 14.66 4.26 434 176 692 362 579 475
94 285 14.95 4.34 443 178 704 370 590 484
96 292 15.36 4.45 455 182 720 382 605 497
98 293 15.40 4.46 456 181 720 385 607 498
100 298 15.65 4.53 464 183 729 392 616 505
102 308 16.18 4.68 480 188 751 407 637 522
SEM 1.73 0.09 0.03 2.69 1.07 4.25 2.56 3.58 2.94

Regression analysis
Linear 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Quadratic 0.515 0.510 0.565 0.514 0.528 0.522 0.508 0.517 0.518

53–56 weeks of age

92 273 14.35 4.17 425 172 678 354 567 465
94 282 14.83 4.30 439 177 698 367 585 480
96 291 15.30 4.43 453 181 718 381 603 495
98 288 15.13 4.38 449 178 707 378 596 489
100 291 15.28 4.42 453 178 712 383 602 493
102 306 16.10 4.65 478 187 748 405 634 519
SEM 4.19 0.22 0.06 6.53 2.59 10.31 5.50 8.68 7.13

Regression analysis
Linear 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Quadratic 0.835 0.835 0.838 0.837 0.849 0.842 0.826 0.836 0.817

57–60 weeks of age

92 274 14.43 4.19 427 173 681 356 569 468
94 285 14.96 4.34 443 178 704 371 590 485
96 290 15.26 4.42 452 180 715 379 601 494
98 289 15.20 4.40 451 179 711 380 599 491
100 292 15.33 4.43 455 179 714 384 604 495
102 306 16.09 4.65 477 187 747 405 633 519
SEM 4.27 0.22 0.07 6.65 2.64 10.50 5.59 8.84 7.25

Regression analysis
Linear 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Quadratic 0.832 0.837 0.838 0.832 0.845 0.839 0.835 0.834 0.826

49–60 weeks of age

92 276 14.48 4.20 429 173 684 357 571 469
94 284 14.92 4.33 442 178 702 370 588 483
96 291 15.31 4.44 454 181 718 381 603 495
98 290 15.24 4.41 452 179 712 381 600 493
100 293 15.42 4.46 457 180 718 387 607 498
102 307 16.12 4.66 478 187 749 406 634 520
SEM 3.37 0.18 0.05 5.25 2.09 8.29 4.42 6.98 8.09

Regression analysis
Linear 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Quadratic 0.766 0.768 0.782 0.766 0.781 0.774 0.758 0.768 0.769

aCalculated using feed-intake data and diet analysed composition in Table 1.
bAs Hy-Line-W36 (mHy-Line 2016) Management guide recommendations.
Abbreviations. SEM, Standard error of the means; ME, metabolisable energy; CP, crude protein; Ca, calcium, Ava P, available phosphorus; Na, sodium; Dig
Lys, digestible lysine; Dig Met, digestible methionine; Dig SAAs, digestible sulphur amino acids; Dig Thr, digestible threonine.
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density increments or diminishes. Harms et al. (2000)
reported Hy-Line W-36 hens responded by eating sig-
nificantly more feed that was low in energy and less
feed that was high in energy. Usually, birds consume
feed to meet their energy requirement (Golian and

Maurice 1992). Feed intake decreased linearly as diet-
ary energy increased (Veldkamp et al. 2005).

Feed consumption is particularly dependent on
environmental temperature, body maintenance
requirements and feed ME level (Sterling et al. 2003).

Table 6. Effect of diet nutrients density on egg quality of laying hens during the post-peak production phase
of the first laying cycle under subtropical summer conditionsa.

Items Yolk weight, g Albumen weight, g HU SG, g/ cm3 ST, m SRW, %

Nutrients densityb, % 52 week of age

92 17.08 35.61 85.7 1.079 385 8.04
94 16.72 36.33 86.4 1.087 374 8.22
96 17.24 36.06 85.3 1.090 397 8.61
98 17.91 39.40 86.4 1.082 387 8.73
100 17.94 37.95 87.3 1.090 400 9.16
102 17.95 39.84 86.8 1.090 391 8.94
SEM 0.363 0.728 1.973 0.003 8.483 0.258

Regression analysis
Linear 0.001 0.001 0.568 0.073 0.167 0.135
Quadratic 0.821 0.876 0.150 0.720 0.744 0.414

56 week of age

92 17.28 36.59 85.2 1.085 385 7.85
94 17.21 36.36 83.3 1.084 388 8.33
96 17.56 37.39 87.2 1.087 396 8.68
98 17.40 39.10 85.4 1.088 388 9.36
100 17.55 40.17 86.2 1.091 398 9.45
102 17.82 41.82 85.5 1.092 393 9.04
SEM 0.353 0.618 1.439 0.003 10.586 0.546

Regression analysis
Linear 0.214 0.001 0.486 0.085 0.464 0.002
Quadratic 0.778 0.092 0.606 0.965 0.735 0.018

60 week of age

92 16.67 37.94 84.9 1.084 386 8.88
94 16.65 38.46 83.9 1.081 398 9.42
96 17.95 38.85 85.2 1.087 394 9.86
98 17.61 39.63 85.6 1.092 390 10.16
100 18.01 41.58 85.6 1.096 403 10.67
102 18.30 44.59 84.7 1.089 381 10.87
SEM 0.359 0.495 1.563 0.003 8.916 0.131

Regression analysis
Linear 0.004 0.001 0.714 0.003 0.872 0.001
Quadratic 0.130 0.125 0.734 0.933 0.226 0.188

aData are means of 8 groups and 6 eggs for each group (48 egg for each treatment were measured for egg quality).
bAs Hy-Line-W36 (mHy-Line 2016) Management guide recommendations.
Abbreviations. SEM, Standard error of the means; HU, Haugh unit; SG, special gravity; ST; shell thickness; SRW, shell relative weight.

Table 7. Effect of diet nutrients density on egg composition of laying hens during the post-peak production phase of the first
laying cycle under subtropical summer conditionsa.

Items

Whole Albumen Yolk

Solids, % Ether extract, % Crude protein, % Solids, % Crude protein, % Solids, % Ether extract, % Crude protein, %

Nutrients densityb, %
92 22.69 10.32 13.07 12.41 11.21 44.87 32.58 17.10
94 23.47 10.16 13.06 12.61 11.22 47.80 32.91 17.19
96 23.87 10.46 13.35 12.60 11.30 47.87 32.74 17.72
98 23.29 10.21 13.38 12.66 11.51 46.88 32.82 17.52
100 23.26 10.28 13.57 12.72 11.79 46.73 33.13 17.53
102 23.54 9.98 13.76 12.97 12.06 48.52 33.56 17.78
SEM 0.331 0.161 0.135 0.190 0.491 0.992 0.621 0.481

Regression analysis
Linear 0.284 0.247 0.002 0.167 0.001 0.105 0.011 0.001
Quadratic 0.171 0.265 0.616 0.761 0.118 0.479 0.303 0.349

aData are means of 8 groups and 6 eggs for each group (48 egg for each treatment were measured for egg quality).
bAs Hy-Line-W36 (mHy-Line 2016) Management guide recommendations.
Abbreviation. SEM, Standard error of the means.
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Above the thermo-neutral zone, the feed consumption
diminishes (Renaudeau et al. 2012). The decreased
feed consumption and low laying rate are the adverse
effects of heat stress (Sterling et al. 2003; Lin et al.
2004; Mashaly et al. 2004). On the other hand, at tem-
peratures above the thermo-neutral zone, the bird has
to expend energy to maintain normal body tempera-
ture and metabolic activities. This diverts nutrients
away from egg production, resulting in performance
loss. Therefore, it is important to rebalance the diet
for nutrients according to the birds’ productivity
demand and the observed feed intake (mHy-Line
2016). Our result in this experiment showed, as diet
nutrients density increased, hen-day egg production
and daily egg mass linearly increased from 73.63 to
83.85% and 45.67 to 53.23 g/bird, resulting in a 13.88
and 16.55% improvement of EP and EM, respectively.
Similarly, increasing diet nutrients density linearly
decreased FCR from 2.243 to 1.957, resulting in a
12.75% improvement in feed conversion ratio (Table
2). According to our observation, Wu et al. (2007)
reported that increasing dietary energy and nutrient
density led to improve FCR 9.9%. The statement by
Leeson and Summers (2009) that high dense diets can
improve feed efficiency agrees with the results seen in
our study (Leeson and Summers 2009). Leeson et al.
(2001) similarly reported a decline in nutrient density
showed a decline in feed efficiency. Previous research
showed that hens would linearly adjust their feed
intake in response to diet nutrient density by eating
significantly more feed that was low in energy and
less feed that was high in energy.

Our observation in this experiment showed
increased dietary nutrients density resulting in a 2.22%
superior average egg weight during the whole of the
experimental period (63.46 vs. 62.08 g/egg in the birds
fed a diet with highest against lowest nutrients level).
However, the dietary nutrients density effect on EW
during the first 4 weeks of the experimental period
(49–52 weeks of age) was more efficient than the third
4 weeks of the experimental period (57–60 weeks of
age). According to our result, Wu et al. (2007) reported
increasing both diet energy and nutrients (amino
acids, Ca, and available P) led to higher egg weight
during the first phase of egg-laying in the eight com-
mercial leghorn strains. Egg size can be influenced by
the amount of energy, crude protein, amino acids,
linoleic acid, and total fat in the diet and the intake of
these nutrients by the hen (Leeson and Summers
2009). Levels of these nutrients can be manipulated at
specific focuses in the lay cycle to egg weight
increase, decrease, or keep steady. It is reported,

laying hens tend to lay larger eggs when they are fed
diets with high levels of protein (dePersio et al. 2015;
Almeida et al. 2019), sulphur amino acids (Alagawany
and Abou Kasem 2014; Akbari Moghaddam Kakhki
et al. 2016b), lysine (Alagawany and Abou Kasem
2014; Akbari Moghaddam Kakhki et al. et al. 2016a),
ME (Leeson and Summers 2009; dePersio et al. 2015),
and the amount of ME that is harvested by the bird
(Morris 2004; Wu et al. 2007). Leeson et al. (2001) also
saw a trend in reduced egg size when diet nutrient
density was reduced.

Heat stress can depress egg weight (Mashaly et al.
2004). High environmental temperature above the
thermo-neutral zone has a depressing effect on the
bird’s feed intake. The result can be a shortfall in
nutrients like protein (amino acids) and energy, which
will decrease egg weight. It is common to see
decreased egg size as a consequence of heat stress
(Sterling et al. 2003). Appropriate adjustments in feed
formulation to match the actual bird feed intake and
mitigation of heat stress conditions can minimise this
depression of egg size.

Our result in this experiment showed economic
benefit (EB), egg income minus feed cost, increased
linearly with increasing dietary energy and nutrient
density (Table 7). Because feed ingredient prices and
egg prices often vary, there can be no fixed ideal diet-
ary ME and nutrients density for optimal EB. Poultry
producers may need to apply some economic feeding
and management attention to determine the diets for
optimal profits. While low energy and nutrients diet
apparently are more affordable, if hens cannot alter
their feed admission with dietary ME and nutrient
density, it may not guarantee optimal egg production.
It has been indicated that the increased efficiency of
birds fed a high-density diet can offset the higher cost
of feed (Roland et al. 1998).

Egg quality traits

Our results in this experiment indicate by increasing
diet nutrients density yolk, and albumen weight lin-
early increased from 17.08 to 17.93 g and from 35.61
to 39.84 g, respectively (Table 6). According to us,
reported Models and HisexVR laying hens treatments,
which feeds contained high crude protein levels, gen-
erated higher albumen weight compared with the
other treatments (Almeida et al. 2019). Many studies
have shown that significant increases in egg weight
due to increasing dietary nutrient concentration
(Sohail et al. 2003; Wu et al. 2005) is mostly due to
increased yolk weight (Sell et al. 1987; Wu et al. 2005).
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High albumen weight is also linked to dietary energy
level, favouring protein deposition (Morris 2004; Wu
et al. 2007; Leeson and Summers 2009). Similarly, it
was concluded that increasing dietary energy
improved protein utilisation in broilers (Reginatto
et al. 2000). Our result in this experiment showed,
increasing dietary nutrients levels led to increasing
bird’s energy and nutrients intake such as protein and
essential amino acids (Table 4). This agrees with the
reported increasing bird amino acid intake led to sig-
nificantly increasing albumen weight (Prochaska et al.
1996; Shafer et al. 1998; Novak et al. 2004). The
increase of albumen weight might be partially attrib-
uted to the improved nutrient utilisation with
increased dietary nutrients levels. Hens can use avail-
able exogenous fat as lipids for egg yolk formation
(Sell et al. 1987). Hens can deposit dietary lipids into
the egg yolk and change the composition of yolk lip-
ids (Scheideler and Froning 1996).

Our results in this experiment shown, egg special
gravity and relative shell weight linearly increased
(p< .01) by increasing dietary nutrients density (Table
5). Heat-stressed laying flocks often lay eggs with
thinner, weaker eggshells because of an acid/base
disturbance occurring in the blood as a result of
panting (Lin et al. 2004; Renaudeau et al. 2012).
Above the thermo-neutral zone, the efficiency of
sensible heat loss mechanisms diminishes. At this
point, the evaporation of water from the respiratory
tract becomes the major heat loss mechanism of the
bird (Lin et al. 2004; Renaudeau et al. 2012). As birds
hyperventilate to lose body heat, there is excessive
loss of CO2 gas from their lungs and blood. Lower
CO2 in the blood causes blood pH to elevate or

become more alkaline (Lin et al. 2004). The higher
blood pH reduces the activity of the enzyme car-
bonic anhydrase, resulting in reduced calcium and
carbonate ions transferred from blood to the shell
gland (Scanes 2014), which may be responsible for
the decreased shell thickness. Another contributing
factor to thin eggshells is reduced intake of calcium
and nutrients as feed consumption drops (Renaudeau
et al. 2012). Therefore, closely monitor the feed con-
sumption of the flock during subtropical weather. It
is important to rebalance the diet for other critical
nutrients, particularly amino acids, calcium, sodium
and phosphorous, according to the birds’ productivity
demand and the observed feed intake.

Dry matter of yolk, albumen, and the whole egg
liquid were not influenced by dietary nutrient density.
Whereas, yolk ether extract and crude protein con-
tents of yolk, albumen, and whole egg significant and
quadratic changed with increasing diet ME, and nutri-
ent concentration (Table 6). Our result in this experi-
ment approved other research (Novak et al. 2004; Wu
et al. 2007). By increasing dietary nutrients concentra-
tion, a greater proportion of nutrients will be utilised,
the elevation of amino acid concentrations in plasma
causes an increase in insulin secretion by the pan-
creas. Two functions of insulin are elevation in amino
acid uptake and protein synthesis (Prochaska et al.
1996; Akbari Moghaddam Kakhki et al. 2016b).

Estimated ME and nutrient requirements

In this study, we investigated the diet nutrients dens-
ity on egg performance, egg quality, and economic
benefit traits in laying hens during the post-peak
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Figure 2. Fitted broken-line plot of hen-day egg production
of Hy-line-W36 laying hens during the post-peak production
phase of the first laying cycle under subtropical summer con-
ditions as a function of diet nutrients density (% of strain rec-
ommendation). The break point occurred at 97.62± 1.02,
p< 0.001, R2 ¼ 0.58 with linear broken line model.
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Figure 3. Fitted broken-line plot of average egg weight of
Hy-line-W36 laying hens during the post-peak production
phase of the first laying cycle under subtropical summer con-
ditions as a function of diet nutrients density (% of strain rec-
ommendation). The break point occurred at 99.54± 2.92,
p< 0.011, R2 ¼ 0.18 with linear broken line model.
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production phase of the first laying cycle under sub-
tropical weather. A critical goal of this study was to
estimate the ME and nutrients requirement of Hy-Line-
W36 laying hens under subtropical conditions. The

optimisation model was solved using the NLIN pro-
gram SAS 9.1 procedure. Fitted broken-line plots for
the egg performance traits as a function of diet
nutrients density (% of strain recommendation) are
shown in Figures 2–5. The break-points occurred at
97.62 ± 1.02%, p< .001, R2 ¼ 0.58 for EP (Max 81.5%
hen-day); 99.54 ± 2.92%, p< .011, R2 ¼ 0.18 for EW
(Max 63.67 g/Egg); 97.20 ± 0.99%, p< .001, R2 ¼ 0.51
for EM (Max 51.66 g/bird/day), and 100 ± 1.01%,
p< .001, R2 ¼ 0.66 for FCR (Min 1.957) with linear bro-
ken line models.

The summary of ME and nutrients (CP, Ca, available
Phosphorus, Na, dig Lys, dig Met, dig SAAs, and dig
Thr) requirements for the optimisation of EP, EW, EM,
and FCR estimated by linear broken-line fit models are
shown in Table 8. The present data suggest that opti-
mum values of ME for Hy-Line-W36 laying hens reared
in the subtropical weather during the post-peak pro-
duction phase of the first laying cycle (49–60weeks of
age) was 286–293 kcal/kg diet. Corresponding values
for optimum CP and Ca were 14.9–15.4 and
4.33–4.45 g/kg diet, respectively. Also available phos-
phorus, Na, dig Lys, dig SAAs, and dig Thr were
442–455, 177–182, 697–717, 589–606, and
481–495mg/kg of diet, respectively. Overlay, our result
has shown Hy-Line W-36 laying hens under subtropical
conditions have a relatively limited capacity for
increasing their feed intake according to diet dilution
so that those not able to exhibit in feed intake relative
to dietary nutrient dilution. Insufficient amino acid
intake is the primary reason for productivity loss dur-
ing subtropical weather. Therefore, it is important to
rebalance the diet for other critical nutrients, particu-
larly amino acids, calcium, sodium, and phosphorous
according to the birds’ productivity demand and the
observed feed intake.

In agreement with our result, the scientific literature
has demonstrated the beneficial effect of diets with a
higher energy density and adjustments in the
nutrients on production performance in laying hens
(Jalal et al. 2007; dePersio et al. 2015). The modern
commercial laying hens have been genetically
improved for increased EP and feed efficiency. Thus, it
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Figure 5. Fitted broken-line plot of feed conversion ratio of
Hy-line-W36 laying hens during the post-peak production
phase of the first laying cycle under subtropical summer con-
ditions as a function of diet nutrients density (% of strain rec-
ommendation). The break point occurred at 100± 1.01,
p< 0.001, R2 ¼ 0.66 with linear broken line model.

Table 8. Estimated metabolisable energy and nutrients requirements of laying hens during the post-peak production phase of
the first laying cycle under subtropical summer conditions by the linear broken-line fit model.

kcal/ day
g/hen/day mg/hen/day

Items ME, CP Ca Ava P Na Dig Lys Dig SAAs Dig Thr

Egg production, % 286 15.04 4.35 434 177 700 592 483
Egg weight, g 292 15.33 4.43 452 181 714 603 493
Egg mass, g/bird/day 285 14.97 4.33 442 177 697 589 481
FCR 293 15.40 4.45 455 182 717 606 495

Abbreviations. FCR, feed conversion ratio; ME, metabolisable energy; CP, crude protein; Ca, calcium, Ava P, available phosphorus; Na, sodium; Dig Lys,
digestible lysine; Dig SAAs, digestible sulphur amino acids; Dig Thr, digestible threonine.
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Figure 4. Fitted broken-line plot of egg mass of Hy-line-W36
laying hens during the post-peak production phase of the first
laying cycle under subtropical summer conditions as a func-
tion of diet nutrients density (% of strain recommendation).
The break point occurred at 97.20± 0.99, p< 0.001, R2 ¼ 0.51
with linear broken line model.

568 S. M. R. KHATIBI ET AL.



is better to meet the nutrient requirements of birds to
produce high performance (Fouad and El-
Senousey 2014).

Conclusions

Hy-Line-W36 commercial laying hens during the post-
peak production phase of the first laying cycle and
under subtropical climate cannot adjust their feed
intake with dietary nutrients dilution. During the post-
peak production phase of the first laying cycle under
subtropical climate, optimum EP, EM, FCR, and EW
were observed with 97.6–100% of dietary nutrient
density of strain recommendation. However, laying
hens diet formulated with 97.6% of strain recommen-
dation had the optimal egg production, but the higher
dietary nutrients level of 100% was obtained for maxi-
mised feed efficiency.
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