International Journal of Zoology and Animal Biology

MEDWIN PUBLISHERS

Committed to Create Value for Researchers

ISSN: 2639-216X

Adjustment of Amino Acids and Metabolizable Energy in Diets for

High-Laying Brown Nick Hens under Heat Stress

Rojas-Avendaiio L, Arcos-Gonzalez S, Lopez-Pozos R, Santiago-Romero H,

Arcos-Garcia JL*, Gamboa-Alvarado JG

Universidad del Mar, campus Puerto Escondido, México

*Corresponding author: José Luis Arcos-Garcia, Universidad del Mar, campus Puerto
Escondido, Puerto Escondido, Mixtepec, Juquila, Oaxaca, México, Tel: +9541548922; Email:

jarcos@zicatela.umar.mx

Investigation Paper
Volume 7 Issue 6
Received Date: November 07, 2024
Published Date: November 28, 2024
DOI: 10.23880/izab-16000632

Abstract

Heat stress causes hens to reduce feed intake, so the nutrient intake of the diet must be adjusted to meet nutritional needs.
The objective of this study was to evaluate the effect of adjustment of amino acids and metabolizable energy in the feed on
the productivity of Brown Nick hens under heat stress. Sixty-three hens were used, of 22 weeks of age. Three diets were
tested: commercial, processed1, and processed2. The productive characteristics of the hens and their eggs were evaluated.
The experimental design used was a completely randomized block, with three treatments and seven replications. A stepwise
variable selection test was also used. Feed intake and feed conversion were higher (p < 0.01) in the concentrated feed in
relation to the processed feed. The laying percentage and total egg mass were similar (p > 0.05) in the concentrated and
processed?2 treatments. The weight of the egg (g) was greater (p < 0.05) in the processed2 food compared to the processed1. It
is concluded that with respect to Brown Nick hens under heat stress conditions, the diet that showed the greatest improvement

in productivity was the feed adjusted in both metabolizable energy and amino acids.
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Introduction

Stress represents the reaction of the animal organism
to stimuli that disturb the normal physiological balance,
or homeostasis. It can be caused by a combination of
environmental factors (sunlight, thermal irradiation, air
temperature, and humidity) and the characteristics of the
animal [1]. Thermal stress is a poor adaptation of the animal
to environmental conditions of high temperature and relative
humidity [2]. The optimal temperature for laying hens of
the Brown Nick line is similar to other lines, ranging from
18 to 24 °C, with a critical limit of 28°C; they do not tolerate
temperatures above 30°C for long periods of time, and the
relative humidity must remain between 60 and 70% [3,4].
Hens, in conditions of heat stress above the critical limit
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(25°C), have been observed to reduce feed intake by 1.0 to
1.6% for every 1°C increase in temperature [5]. The decrease
in feed intake suggests a reduction in the amount of nutrients
and energy that the bird can obtain, thereby modifying
productive efficiency [4-7]. The energy density of the diet
for laying hens in the thermoneutral zone is recommended
between 2,684 and 2,992 kcal of ME/kg of food [8]. Brown
Nick hens, subjected to heat stress conditions and fed
with an ME content of 2,754 kcal/kg of feed, are found to
consume less than 110 g of feed/d [9]. Hens adjust feed
intake according to the energy density of the ration given.
Hens subjected to different concentrations of dietary energy
consume more or less feed, and consequently the productive
performance and feed conversion rate are affected [8,10].
Some studies indicate that increasing the ME content of
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the diet by increasing the supplemental fat content could
improve the uptake of other components of the diet [11,12].

In respect to laying hens fed mainly with diets based
on corn and soy flour [13], complementing feed with amino
acids such as methionine, lysine, and tryptophan has been
proven beneficial in an effort to improve feed conversion [14]
and obtain a diet with a higher productive level [13,15,16].
Another problem that can aggravate the situation in high-
laying hens fed under heat stress is that industrial feed
producers may formulate diets without taking environmental
conditions of different regions into account. Nutritional
information (in accordance with the manufacturer) is
often provided for crude protein (CP), fiber, fat, moisture,
nitrogen-free elements, ash, calcium, and phosphorus; but
not for amino acids and metabolizable energy, which can
alter nutritional content and lead to greater variation in
feed intake in warm subhumid climates [17,18]. Therefore,
it is necessary to adjust the amount of metabolizable energy
and essential amino acids according to feed intake in the
subhumid tropics. That is, it is necessary to concentrate the
nutrients in a smaller amount of feed for highly productive
hens [7], which directly affects performance, egg size,
and weight [19]. It is hypothesized that the adjustment of
energy and essential amino acids, methionine, lysine, and
tryptophan, in the diets for high-laying Brown Nick hens
raised under heat stress conditions will improve productivity.
The objective of the present study was to adjustment the
amount of metabolizable energy and essential amino acids
in the feed and evaluate the productivity and characteristics
of the eggs in high-laying Brown Nick hens subjected to heat
stress.

Materials and Methods
Location

The present study was carried out in the community
of Bajos de Chila, Municipality of San Pedro Mixtepec-
District 22, with geographical coordinates corresponding to
15°54’40.9” N 97°07°58.3” W, at an elevation of 13 m above
sea level [20,21]. The climate was categorized as warm, sub-
humid, with less intense summer rains. The average annual
temperature of the municipality has been recorded at 22°C,
with a maximum of 28°C, with average annual precipitation
of 1,300 mm [22]. However, in the study area the maximum
and minimum temperatures previously recorded were 32.5
and 27.7°C respectively, with an average of 29.9°C (7).

The comfort of the females was ensured so that they
did not suffer from stress at any time. However, the only
exception was the heat stress by the predominant climate of
the study area. This study was conducted on a family farm in
the community of Bajos de Chila. This study was endorsed
by the University of the Sea, Puerto Escondido Campus in the
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official document: JCZPE/117/2021. The National Health
Service, food safety, and quality was also taken into account.

Experimental Animals

63 adult hens from the Brown Nick high laying line were
used in the study, at the age of 22 weeks, at the start of the
first laying, with an average live weight of 1,715.4 + 15.2 g.
The hens were raised on the floor, in the same study area
from the first day they were born until they began the laying
period.

Facility and Equipment Characteristics

The warehouse that was used had a surface area of 31 m?,
with a galvanized sheet roof at a height of 2.0 m; the area was
closed on two sides with chicken wire and two brick walls:
1) one wall was completely closed, and 2) the other was built
with lattice material that permitted natural ventilation. The
ground had a cement floor and a 3% incline. The entry of
rodents, birds, and mammals was prevented [23]. The area
was cleaned, conditioned, and whitewashed on the floor and
walls. A one m? sanitary mat covered with lime was placed at
the entrance.

Subsequently, cleaning and disinfection of the warehouse
was carried out every eight days, with a surface sanitizer for
walls and floors (20 ml/L water, Shine & Clean brand®). To
reduce the temperature of the warehouse [7], ventilation
was provided with a plastic fan (Man brand, high speed, air
displacement of 105 m3/min and vertical rotation of 330°),
which was kept on from 8:00 a.m. to 8:00 p.m. each day.

The hens’ housing was made of standard metal,
measuring 1.50 m in length with 4 divisions of 37 x 45 x 45
cm in width, depth, and height, respectively. Each section was
equipped with a semi-automatic plastic feeder (21 cm long,
15 cm wide and 9 c¢m high) and an automatic cup watered.
Hens were raised in the areas without nests.

The total exposure to artificial light plus natural light for
the hens was 16 h per day [24]. To turn on the artificial light,
an analog timer (programmable Fulgore brand) was used,
which provided artificial light at night (6:30 p.m. to 10:30

p.m.).
Food and Health Management

The hens were subjected to a period of adaptation to
handling and feeding for 15 days, and the sampling period
was three consecutive months. The areas, feeders and
waterers were cleaned every day at 8:00 a.m., while feed
was offered ad libitum, according to the assigned treatment.
Vitamins® (1 g/L of water) were added to the drinking
water. For sanitary management, all recommendations for
Brown Nick hens were taken into account [24].
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Treatments

Three diets were evaluated (Table 1): 1) commercial
feed®, 2) processed, feed (only metabolizable energy was

concentrated), and 3) processed, (metabolizable energy
and amino acids were concentrated) according to a previous
study [7].

Diets
Components (%) Commercial® Elaborado Processed1 Processed?2
Whole soybeans ---- 21.65 35.34
Corn ---- 60.56 45.24
Sorghum ---- 2 3

Methionine (synthetic) - 0.18 0.33

Lysine (synthetic) ---- 0.17 0.1
Valine (synthetic) - 0.03 0.17
Tryptophan (synthetic) ---- 0.02 0.05

Commercial vitamins ---- 0.1 0.1
0il 5.51 5.94

Rock phosphate ---- 0.92 0.8
Calcium carbonate ---- 8.59 8.65
Canthaxanthin ---- 0.006 0.006
Salt 0.25 0.27

Nutrient Composition

Crude protein (%) 15.47 13.2 17.09
Metabolizable energy Kcal/kg 2617 3300 3300

Methionine (%) 0.4 0.4 0.6
Lysine (%) 0.8 0.8 1.004
Tryptophan (%) 0.17 0.17 0.374
Calcium (%) 3.75 3.75 3.75
Phosphorus (%) 0.55 0.55 0.55

Table 1: Percentage of composition and nutrient contribution of processed feed for high laying Brown Nick hens in heat stress.

The commercial feed was standardized in size and
prepared by grinding. The metabolizable energy was
calculated with the support of proximal chemical analysis
[25,26]. To analyze the amino acid contribution of the
feed, established values of methionine, lysine, tryptophan,
calcium, and phosphorus were recorded [3,24,26,27]. The
processed feeds were formulated with the Microsoft Excel
solver program, according to the nutritional needs for laying
birds [3,27].

Variables to Evaluate

The final weight (g) of the hens, the daily change in
weight, daily feed intake (g), energy (kcal/kg), methionine,
lysine, and tryptophan (g) were evaluated [28]. The feed
conversion of the diets was also evaluated [29]. The monthly
laying percentage, and the total egg mass per month were
evaluated. The weight of the egg was measured with a digital
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scale (pocket scale brand model 10053, approximation 0.01
g), the length and width of the egg with a digital micrometer
(Sure Bilt brand, Caliper Black model, scale 150 + 0.2 mm). In
addition, the morphological index of the egg was measured
[30]. Halfway through the experiment, the temperature and
relative humidity of the area that housed the hens were
measured with a digital thermohygrometer (model HTC-1),
for 24 consecutive hours for three days.

Statistical Analysis

The data were analyzed statistically using analysis of
variance. A completely randomized block design was used,
with three treatments and seven replicates. The weight of the
breeding hens was considered as a block. Each experimental
unit consisted of three females. When there were differences,
a Tukey test comparison of means was applied. The Stepwise
methodology was carried out for the variables final weight,
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daily weight change, total egg mass-produced per month and
monthly laying percentage [31].

Results

The daily intake of metabolizable energy, crude protein,
and lysine were higher (p < 0.01) in the treatments with
commercial feed and processed,, with averages of 352.1 kcal,
19.5 g and 1.07 g, relative to the processed, treatment with
a value of 288.3 kcal, 11.53 g and 0.70 g, respectively. Feed
intake was higher (p < 0.01) in the commercial treatment
(131.8 g/day); The processed, and processed, treatments

consumed 33 and 17% less food. Methionine, and tryptophan
intake were different (p < 0.01) in the three food treatments;
However, the treatment that had the greatest feed intake was
that of processed, (Table 2).

The variables final weight (g), daily weight change (g),
monthly laying percentage, and total egg mass were higher
(p < 0.01) in the commercial and processed, treatments
compared to the processed,. However, the feed conversion
was lower (p < 0.01) by 18.4% for the processed, compared
to the commercial one (Table 3).

. Daily intake (g)
Dietary Treatment ME
CF CP Met Lys Trp
Commercial 344952 131.81° 20.392 0.53° 1.05° 0.22°
Processed1 288.28° 87.36¢ 11.53° 0.35¢ 0.70° 0.15¢
Processed 2 359.252 108.86° 18.61° 0.65? 1.09° 0.40°
Average 330.83 109.34 16.84 0.51 0.95 0.26
F-value 18.27 35.63 86.42 115.28 57.57 40.64
Probability 0.0025 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
SEM 10.69 4.83 0.93 0.03 0.04 0.02

ME= Metabolizable energy (kcal). PC= Crude protein (g). Met= Methionine (g). Lys= lysine (g). Trp= tryptophan (g). SEM=
Standard error of the mean. #*; Different superscripts in the same column indicate difference (p < 0.01).

Table 2: Feed intake in diets for high-laying hens in subhumid tropics.

U, : Weight (.’f hen- (8) Monthly laying percentage | Totaleggmass | o . = .
Final Daily weight change (%) (8)
Commercial 1915.43° 2.25° 96.09° 1853.52 2.01¢
Processed1 1375.30° -3.94b 74.49° 1312.2b 1.88c¢
Processed?2 1811.30° 1.172 96.77° 1889.22 1.64d
Average 1700.67 -0.17 89.12 1685 1.84
F-value 33.71 28.28 22.48 30.54 4.49
Probability <0.0001 <0.0001 <0.0001 <0.0001 0.0351
SEM 60.15 0.68 1.26 69.04 0.05

EEM= Standard error of the means. *: Different superscripts in the same column indicate difference (p < 0.0001). “¢:Different

superscripts in the same column indicate difference (p < 0.05).

Table 3: Final weight response and weight gain or loss in Brown Nick hens fed with different levels of metabolizable energy and
amino acids (methionine, lysine, and tryptophan) in the subhumid tropics.

The eggs laid by the hens which consumed the
processed, feed were 10.5% heavier (p < 0.01) than those
of the hens given processed, feed. Egg width was also 3.1%
lower (p < 0.01) in the processed, feed, compared to the
other treatments. However, there were no differences (p >
0.05) in egg length and morphological index in the evaluated
treatments (Table 4).
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Table 5 shows the prediction equation for the final
weight (EPF) of the hens: EPF=782.2 + 54.532(DCPI);
where: DCPI = daily crude protein intake (r?=0.71). The
daily weight change (DWC) of hens: DWC= -4.2283 +
0.9451(DCPI) - 0.0359(DMEI); where, DMEI = metabolizable
energy intake/d (r?=0.77). The equation of the total egg
mass: ETEM= 1375.4866 - 716.8422(PFC) + 3214.784(DLI)
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- 2772.896(PDMI), (r*= 0.98); where: TFC = True Feed Methionine intake.
Conversion, DLI = Daily Lysine Intake and PDMI = Daily

. Egg Variables
Dietary treatment = = =
Weight (g) Length (mm) Width (mm) Morphological Index
Commercial 68.88® 57.92 44572 78.26
Processed1 62.56° 55.35 43.28P 78.2
Processed 2 69.912 57.55 44.65* 78.6
Average 67.11 56.7 44.17 78.02
F-value 5.24 3 6.76 0.65
Probability 0.0231 0.0877 0.0108 0.537
SEM 1.25 0.48 0.23 0.43

SEM= Standard error of the means. #*: Different superscripts in the same column indicate difference (p < 0.05).
Table 4: Egg characteristics of Brown Nick hens fed with different levels of metabolizable energy and amino acids (methionine,
lysine, and tryptophan) in the subhumid tropics.

Parameter : : Pl-'oducfive variables
Final weight Daily weight change Total egg mass
Intercept 782.2 -4.2283 1375.4866
Daily crude protein intake (DCPI) 54.532 0.9451
Daily metabolizable energy intake (DMEI) -0.0359
True Feed conversion (TFC) -716.8422
Daily lysine intake (DLI) 3214.784
Daily methionine intake (PDMI) -2772.896
R2 0.71 0.77 0.97
Probability <0.0001 <0.0001 <0.0001

Table 5: Parameters obtained in the selection of variables in Brown Nick hens fed with different levels of metabolizable energy
and amino acids (methionine, lysine, and tryptophan) in the subhumid tropics.

Inside the warehouse, an average daily temperature humidity of 59.9% (minimum 52% and maximum 64%), and
of 27.4°C (minimum and maximum of 23.3 and 32.8°C temperatures above 28°C for 9 h/d (Figure 1).
respectively) was recorded, with average daily relative
Discussion

The conditions in which the experiment was carried
out in the subhumid tropics are characterized by an
environmental temperature above 28°C for 9 hours a day,
with high relative humidity of 60%, for 14 hours; Therefore,
these conditions cause heat stress in laying birds [2,7].
Despite the extreme environmental conditions, there was no
death of hens, but immobility, opening of wings, panting and
high water consumption were observed. Due to the use of the
ventilation system, the laying birds were able to withstand
the climate better and heat stress decreased in relation to
other reports [3,7,27]. In high-laying Brown Nick hens, heat
stress is a cause of decreased production, as it reduces feed
consumption, body weight, egg production and egg weight;

Figure 1: Temperature (°C) and relative humidity (%) of
the egg production area in hens with heat stress, blue and
orange lines, respectively.

J
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It also affects the endocrine system, acid-base balance and
organ functions [32].

It should be noted that the adjustment of the nutritional
needs of the hens in this study was carried out with an
expected consumption 0of 93.8g of feed per day, consideringan
increase in the physiological needs to maintain homeostasis,
and heat stress above 28°C for roughly 19 hours a day. Feed
consumption may have been improved by the use of the fan,
leading to a slight reduction in heat stress.

The hens in the present study which came closest to
the recommended feed consumption, in accordance with
the recommendations suggested for the comfort zone [3],
were those for whom the concentration of energy and amino
acids of the feed were adjusted (processed,). However, the
consumption of metabolizable energy in this diet was higher
by 23.5 kcal of ME/kg of food. On the other hand, with the
commercial feed, the hens exceeded recommended feed
consumption, possibly because they did not meet their
metabolizable energy needs. The indication of the average
feed consumption of 115 g/d/bird includes a metabolizable
energy content of 2,800 kcal/kg of feed, offered at a
temperature within the comfort zone, therefore the laying
hens consumed 336 kcal/d/bird [3,24].

The amount of energy required by high-laying hens
coincides with the knowledge that metabolizable energy
needs increase by 5.8/kcal/bird/day for each degree of
increase in environmental temperature [33].

The processed, diet, with 17.1% CP showed excess
consumption of amino acids: lysine, methionine and
tryptophan. On the other hand, the hens that consumed the
concentrated feed had adequate protein and amino acid
consumption, at the expense of high feed consumption.
Although CP consumption in birds is not essential [34,35], it
is important not to exceed the need, because when protein is
provided in excess, the amino acids which are not absorbed
are excreted as metabolic waste [36].

Within the components of protein, the essential amino
acids play several importantroles. Lysine serves an important
function in muscle protein synthesis, maintenance and
production in birds [37,38]. Tryptophan reduces aggressive
behavior in birds and also intervenes in circadian physiology,
which in turn has an effect on feed consumption, sleep, and
pain perception [39]. And finally, methionine is vital in
protein synthesis, egg size, and weight [40,41].

The high laying percentage of the hens, the decrease in
feed conversion values, the increase in egg weight and egg
width recorded in the processed, diet are due to the greater
concentration of metabolizable energy, lysine methionine,
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and tryptophan in the feed. The nutrient adjustmentachieved
more appropriate values for the species than in other studies
[35,42]. The optimal feed conversion for laying hens has
been reported at 2.0 [29]. However, values lower than 1.9
have been recorded, as nutritional improvements are made
to the diet of laying hens [35].

The high laying percentage of the hens reflects that,
despite heat stress, nutrient consumption is adequate, and
reproductive variables are possibly not affected. Under heat
stress conditions there is no reduction in plasma LH, and
FSH, which suggests a direct effect on ovarian function, as a
result of reduced blood flow to the ovary [43]. The blood flow
of the digestive system in the upper organs is 46% of normal,
while in the uterus it decreases to 58% and 70-80% in the
ovarian follicles [44].

The consumption of commercial and processed, feeds
induced the production of extra large eggs, while with
processed, feed the eggs were medium size [45]. The weight
of the egg generally depends on the productive age of the hen
[46]; Despite this, it is well established that methionine is the
most important essential amino acid involved in egg weight
[47]. However, in the present study lysine consumption was
observed to have a greater effect on the total mass of eggs
laid. The eggs obtained in the present study were classified
as round since the morphological index of a normal egg is
between 72 and 76, less than 72 are pointed, and greater
than 76 are round [46,47]. This may be a characteristic of
Brown Nick chickens in warm subhumid climates.

Conclusions and Implications

Under the conditions in which this study was carried
out, it is concluded that the adjustment of the amount of
metabolizable energy, and amino acids, according to the
feed consumption of the high-laying Brown Nick hens,
causes the hens to consume less feed per day, improves
feed conversion, produces extra-large eggs and generally
surpasses the benefits of commercial feed. Therefore, the use
of processed, feed in the subhumid tropics is recommended,
with a metabolizable energy contribution of 3080.0 kcal/kg
for a feed consumption of 108.9 g/bird.
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