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ABSTRACT

The enthalpy is a thermodynamic property that can be used to evaluate thermal environment for chickens, considering
the meteorological variables that most influence the arsrtt@mal comfort, the dry-bulb temperature and the relative
humidity. The aim was to analyze and compare the spatial variability of enthalpy in a broiler aviary during three periods
of the day (morning, afternoon and night) for 14 living days, using geostatistical techniques. The experiment was
performed in a commercial broiler aviary located in the western mesoregion of Minas Gerais, Brazil, where 28,000 male
Cobb chicks were housed. The heating system consisted of an industrial indirect-fired biomass furnace. The heated air
was inflated by aAC motor, 2206W of power 1725 RPM. Geostatistical techniques were used through semivariogram
analysis and isochore maps were generated through data interpolation by kriging. The semivariogram was fitted by the
restricted maximum likelihood method@he used mathematical model was the spherical After fitting the
semivariograms, the data were interpolated by ordinary kriging. The semivariograms along with the isochore maps
allowed identifying the non-uniformity of spatial distribution of the enthalpy throughout the broiler aviary for three
periods during 14 days. It was observed that in the first two days of life, during the three evaluated periods the poultry
kept most of the time and in most of the poultry shed under conditions of enthalpy below the recommended level in the
literature. In the12th and 13th days during the three analyzed periods were the most critical because they showed values
below the comfort throughout the dayer the entire broiler aviaripossible failures in the heating system were also
observed, especially at night, which can be a discomfort source for poultry and hence generate productive and economic
losses.

Keywords: ambience; chicks; geostatistics; poultry

RESUMO

Distribuic&o espacial e temporal da entalpia em um aviario aquecido por fornalha industrial

A entalpia € uma propriedade termodinamica que pode ser usada na avaliagdo do ambiente térmico para frangos, pois
considera as variaveis meteoroldgicas que mais influenciam no conforto térmico animal, a temperatura do bulbo seco e
a umidade relativa do.@bjetivou-se analisar e comparar a variabilidade espacial da entalpia em um aviario de frangos
durante trés periodos do dia (manh&, tarde e noite) por 14 dias de vida das aves, empregando técnicas geoestatisticas.
O experimento foi realizado em um aviario comercial onde estavam alojados 28.000 pintinhos machos da linhagem Cobb
localizado na mesorregido oeste de Minas Gerais. O sistema de aquecimento consistia em um forno industrial de metal
com queima indireta de biomassa. O ar aquecido foi insuflado por motor CA, 2206 W de poténcia, 1725 RPM. Utilizou-se
técnicas de geoestatistica por meio de analises de semivariograma e confeccdo de mapas de isocores por meio de
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Spatial and temporal distribution of enthalpy in aviary heated by industrial furnace 347

interpolacéo dos dados por krigagem. O semivariograma foi ajustado pelo método da\éogsianilhanca Restrita.

O modelo matematico utilizado foi o esféridpos o ajuste dos semivariogramas foi realizada a interpolagéo dos dados

por krigagem ordindria. Os semivariogramas juntamente com os mapas de isocores permitiram identificar a nao-uniformi-
dade da distribuicdo espacial da entalpia ao longo do aviario durante trés periodos dos 14 dias anélisados. Observou-
se que nos primeiros dois dias de vida durante os trés periodos avaliados as aves ficaram a maior parte do tempo ac
longo da maior parte do galp&o sob condi¢des de entalpia abixo do recomendado pela literatura. No 12° e 13° dias de vida
durante os trés periodos analisados, as aves ficaram submetidas as condi¢cdes mais criticas de desconforto ao longo d
dia, na maior parte do aviario. Observou-se também possiveis falhas no sistema de aquecimento, principalmente no
periodo da noite, o que pode ser uma fonte de desconforto para as aves e consequentemente gerar perdas produtive
e econdmicas.

Palavras-chave:ambiéncia; avicultura; geoestatistica; pintinhos.

INTRODUCTION temperature, there is a change in the energy involved in
the process and hence the thermal changes are altered.

The c.urrent pgrspectlve of po.ultry farmlng 'S Thus, the aim was to analyze the spatial variability of H
characterized by animals that show high weight gain in.a . . .
} X in a poultry aviary during three periods of the day

short growth period due to advances in geneti

. . o . . throughout the initial 14 days of housing, using
engineering, sanitation, nutrition and environmenta

thermal comfort (Carvalhet al, 2014). Howeverthese geostatistical techniques.
poultry show Iovy tolerance to the'rmal stress, which CBIO/IATERIAL AND METHODS
result in productive and reproductive performance losses
of these animals (Silvat al.,, 2015). The proper The experiment was performed in a commercial broiler
acclimatization of the environment inside the poultry aviargviary located in the western mesoregion of Minas Gerais,
becomes essential in order to provide thermal comfdBrazil, at the geographic coordinates 20° 11’ 58" S and 45°
conditions to poultryavoiding losses in productive 02' 08" W during the spring season.
efficiency (Nascimentet al,, 2014). The poultry shed has northeast - southwest orientation
The thermal environment in which the chicks ar@nd dimensions of 13.0 m width, 160.0 m length and 3 m
subjected during their initial life will be crucial to guarantedaeight. The tiles are made of fiber cement of 6 mm thickness,
comfort and animal welfare in order to achieve maximurooncrete floarrice husk bed, double side curtains (one
yield, since physiological mechanisms of thermal contrahternal and one external) of yellow plastic canvas (Figure
are developed during their initial developmenie(kaet 1).
al., 2016) According toYanagi Junioet al (2011), it is The broiler aviary heating system consisted of an in-
important to keep a homogeneous environment inside thastrial indirect-fired biomass furnace with 2.20 m length,
poultry aviary besides being comfortable for poultry 1.20 width, and 1.85 m height. The heated air was inflated
Thus, the use of geostatistics becomes an effectitg anAC motor 2206W of power 1725 RPM and distributed
methodology for the accurate analysis of the distributiooy 28.50 m of metal pipe on the northeast side and 22.45m
of environmental variables, since it characterizes the magp the southwest side installed inside the broiler aviary
nitude of the spatial variability of data and allowsThe tube was 23 cm diameter and holes with 5 cm diameter
generating maps that interrelate the analyzed variablesalternately placed 1.0 m on each side of the tube for the
the space (Ferragt al, 2017a). outflow of heated air
The enthalpy can be calculated in order to evaluate the The available area for the animals was delimited by
thermal condition of the environment in which the animalplywood boards, so that the chicks were as close as
are housed (FkJ kgﬁé,. air). According to Ferraet al  possible to the heating systems.the animals grevihe
(2016), the H is interesting in the evaluation of thermalvailable area increased so that the density of animals
comfort, since it expresses the amount of energy containeduld always be in line with that recommended for the
in a mixture of dry air and water vapanfluencing the lineage pattern and the age of poultythe beginning of
thermal changes between the animal and the environmém experiment, on the first day of life, the poultry were
(Nazarenet al, 2012)According to Rodriguest al (2010), distributed in the density of 54 poultryxnBubsequently
in case of changing relative humidity at the same dry-buthe available area of the broiler aviary increased in order to
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348 Patricia Ferreira Ponciano Fefratzal.

reduce the housing densitintil the farming density of 13 H=1,006+ t, + W* (2501 + 1,805 t ) (2)
poultry m? at the end of the heating phase.
Inside the broiler aviary were housed 28,000 male Cowere’
lineage chicks. The chicks accessed watklibitumand H is the enthalpyin kJ kg', .,
the supplied diets were formulated to meet nutrienw is the mixture ratio, in kJ ,
requirements throughout the experimental period. t
The characterization of the thermal environment withiri"
the broiler aviary was done by measuring the dry-bulb According to Rodriguest al (2010), H can be used to
temperature (f, °C), relative humidity (RH%), and dew- characterize the internal environment of poultry houses
point temperature {{ °C). Data collection was performedPY Portraying the energy present in the environment,
every 5 min during the 14 evaluated days. Subsequenffp'relating RH and,t The H is a physical variable that
the thermal environment data were divided into thre@XPresses the energy contained in a water vapor mixture
periods: morning (from 8 a.m. to 10 p.m.), afternoon (from xJ).
p.m. to 4 p.m.), and night (8 p.m. to 10 p.m.). The datawere The broiler aviary was divided into geographical
collected at 10 cm height from the ground in order tgo0rdinates (in meters) in order to allow a best
characterize the thermal conditions at the ansradight.  SPatialization of sensors and mapping of H. The initial
The position of the dataloggers changed as tf@ordinate was (0; 0) located st end and the end
placement of the plywood changed so that when teint was given by the coordinate (13; 160) positioned at
dataloggers registered the condition in which the bird§€ East end.
were submitted, as illustrated in Figure 2, considering W is The spatial dependence of H was analyzed through
the width of the available area for birds and L is the lengtR€Mivariogram fitting and interpolation by ordinary kriging.
W was 8 m and L was 62 m to the 1st until the 5th day dhe classic semivariogram was estimated by the Equation:
birds life.To the day 6 and WY was 1..06 m and lwas 62 1 N 5
m. From the day 8 to the day 13, W was 11.06 m and L wi€V = 2N & [z (o) - Z (i + )] 2
74.4 m. The day 14th presented W equal to 13 m and L
equal to 74.4 m. The positioning of containment plataghere,
was estapllshed gn the flrst.day of the chicks life, and Wﬁ'\?(h) is the number of experimental pairs of observations
changed in the sixth, the eighth and the fourteenth day;
Sensors/recorders (Hobos Pro Series, Onset®) Wég('
used with a precision of + 3% of reading, kept in wire mesh The semivariograms were fitted by the restricted
cages so that the animals could not damage them.  maximum likelihood (REML) model, using the mathematical
Subsequentlythe data were used to calculate Hnodel of spherical fifAfter fitting the semivariograms, the
according to the equation Bybright (1990). data were interpolated by ordinary kriging to best visualize

is the dry-bulb temperature, in °C

) andZ (x + h) separated by a distance h.

Figure 1: Three-dimensional scheme of the broiler aviary and heating system evaluated in this study with the main dimensions in
meters.
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Spatial and temporal distribution of enthalpy in aviary heated by industrial furnace 349

the spatial distribution of H inside the broiler avifilye R H remained close to the comfort recommended by the
statistical software (R Development Coeam, 2017) was literature, ranging from 73 to 102 (kJ ) for the first week of
used, through the geoR package. (Ribeiro Junior & Digglife and 60 to 101 (kJ ), according to Ponciahal (2012).

2001). Although Figure 3 indicates variability in environmental
data throughout the analyzed days, this exploratory
RESULTSAND DISCUSSION analysis does not allow affirming in relation to the

homogeneity of the spatial distribution of environmental

Figure 3 shows the values of the variables inside thariables within the broiler aviary analyzed during the first
broiler aviary during the experimental period and indicates/o weeks of life. In this way geostatistical analysis of H
the threshold of the variableg (°C) and RH (%) can aid in the evaluation of this variabilityaile 1).
recommended by Medeiras al (2005) and H (kJ ) Table 1 lists the estimated experimental semivariograms
recommended by Ponciaet al. (2012) through dashed for H inside the poultry aviary from the 1st to the 14th day
lines. of life of the poultry during the three periods of the.day

According to Medeirost al (2005), for the first week The data variability was due to the lack of homogeneity of
of life, t, should vary between 32 and 34 °C. In Figure 3 (ajhe environmental conditions inside the broiler aviary
it can be observed that the averageg ofere lower than during the experimental period. The nugget effegti€Ca
those recommended during all evaluated days in the figsarameter that indicates unexplainable variability that can
week of life. The low values of tinside the broiler aviary be expressed as sill ratio, which allows best comparing the
in the early days can be attributed to the inefficiency afpatial dependence degree (SDD) of the studied variables
the heating system in maintaining or generating enougfirangmaret al, 1985) According to Cambardellet al
heat to keep the environment warm for chicks. In the ear{¥994), semivariograms can be classified as follows: nugget
stages of life, cold stress inside the aviary environmesffect < 25% of sill - strong spatial dependence; nugget
can alter metabolic functions and hence affect the immueéfect between 25 and 75% - moderate spatial dependence;
system of these animals, increasing the mortality rate ahd nugget effect > 75% - weak spatial dependence.
flock (Stauket al, 2016). Semivariograms fitted td*Hay for morning period "Mday

On the other hand, in the second week of life (Figuf@r morning period, @day for morning and afternoon,1.1
3a), itis noted that evep), tlid not remain homogeneous.day for afternoon and night, ®2lay for morning and
According to Medeirost al (2005), {, should range from afternoon, 18 day for afternoon and night, and™day
28 to 32 °C for the second week of lifemong all the for afternoon period show moderate SDD, while all others
evaluated period, the average gias close to the comfort show strong SDD.
range recommended by the literature only on the ninth The range (a) is shown as a relevant parameter of a
day (Figure 3a). semivariogram, since it is related to the determination of

As can be observed through Figure 3b, RH remainekle spatial dependence threshold, indicating the threshold
within the ideal comfort range, varying from 50 to 70%at which the variable is spatially correlated among the
during the first two weeks of life (Medeiresal, 2005), evaluated points. In the present stutig variable H had
except for the eighth and tenth days, in which RH was range varying from 2.208 m to 9.818 m throughout the
above that considered as ideal (74.8 and 71.0, respectivetidys and periods under study

The variation of H during the 14 days of the experiment In Figure 4 is illustrated the spatial distribution of H (kJ
is illustrated in Figure 3c. During the experimental period, from the first to the seventh day of life of the chicks

%71

| | q
jL > ° = o
»~—HS
= [ o ] @ | -
WTO ° ° °
[ 1 |
- L/6 J L |

Figure 2:Positioning of sensors / dataloggers in the broiler av@aptionW - width (m), L- length (m), S - sensor/recorder and HS
- heating system (furnace).
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350 Patricia Ferreira Ponciano Fefratal.

during the three analyzed perioAgreat variability of H of the time and in most of the poultry shed under conditions
inside the broiler aviary was observed, whereas regiongH below the recommended level in the literature, which
with low H values are characterized by bluish and greenighindicated by the greenish and bluish colors in Figure 4.
colors and regions with high values are shown by colols the first days of life, the thermoregulatory system of
that are more reddish. chicks is not yet fully developed and these animals do not
Based on isocolor maps (Figure 4), it can be stated thagt have sufficient energy reserve to adapt to thermal stress
the thermal conditions ranged uniformly inside the broilezonditions, which can be detrimental to the development
aviary during the day and along the first week of life of thef these animals (Menegelial, 2013).
poultry. It is observed that during the first week of life, the  Based on the spatial distribution of H in the night period
H ranged from 56 to 90 kJ . Ponciagt@l (2012) state that, of 1st, 2nd and 3rd days of life (Figures 40, 4p and 4q,
for this chicks’ lifespan, ideal H values should range fromespectively), it is observed that the animals faced the worst
7310102 kJ, i.e., there were days and regions in the poultiermal conditions of the week during these nights, with
shed that the poultry were subjected to conditions differetiite lowest values of H over most of the broiler aviahys
from their comfort range. occurrence is possibly due to a failure in the biomass feed
In the first two days of life during the three evaluatedf the heating system that did not have an automated feed
periods (Figure 4a, 4h, 40, 4b, 4i, 4p) the poultry kept mosystem. In this waythe biomass was deposited inside the
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Figure 3: Boxplot for dry-bulb temperature,(t°C) (a), relative humidity (RH, %) (b) and enthalpy (H, kJ) (c) measured during the
experimental period of 14 days and with the comfort range delimited by the dashed line.
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furnace before the employee end his or her working houedfecting their productive performance and even lead to
working without supervision and refueling during all nightmortality.

Such failures concerning the heating system can harm It is observed, howevgthat on the majority of days
beyond the animal’ comfort and welfare, fafcting also  (1st, 2nd, 3rd, and 7th days), respectively represented by
their productive performanci&ccording to Cordeiretal  Figures 4h, 4i, 4j, and 4k, the afternoon showed the best H
(2010), mistakes in the thermal conditioning of chicks atalues over the broiler aviaryhese conditions can be
this early stage of life may not be satisfactorily correcteeixplained because the employees were present and more
in the future and may influence performance over the resitentive to the internal thermal conditions.

of the lives of these animals. Furthermore, according to Figure 5 shows the spatial variability of H in the second
Sartoriet al (2003), this thermal challenge may still causeveek of life of the poultryDue to an engy supply failure
malformation of the skeletal muscle of poultbesides on the eighth dayt was not possible to collect data in the

Table 1 Method, model and estimated parameters of the experimental semivariograms for enthalpy within the poultry shed
according to the age of chicks

Day Period of the day Method Model C, C, C,+C a SDD
1 Morning REML Spherical 30.77 16.53 47.30 2.40 65.05
1 Afternoon REML Spherical 3.37 53.13 56.50 2.35 5.96
1 Night REML Spherical 2.24 42.02 44.27 4.35 5.07
2 Morning REML Spherical 0.88 11.63 12.51 2.40 7.04
2 Afternoon REML Spherical 0.00 30.11 30.11 4.01 0.00
2 Night REML Spherical 0.70 15.52 16.22 2.40 4.31
3 Morning REML Spherical 0.00 19.44 19.44 2.37 0.00
3 Afternoon REML Spherical 0.07 22.69 22.76 3.18 0.30
3 Night REML Spherical 461 20.79 25.39 4.29 18.14
4 Morning REML Spherical 0.00 20.97 20.97 8.06 0.00
4 Afternoon REML Spherical 9.58 31.13 40.72 2.21 23.54
4 Night REML Spherical 0.52 14.43 14.95 2.40 3.47
5 Morning REML Spherical 1.40 11.60 13.01 2.37 10.79
5 Afternoon REML Spherical 3.52 11.03 14.55 4.37 24.17
5 Night REML Spherical 6.23 44.69 50.92 2.27 12.23
6 Morning REML Spherical 0.00 14.37 14.37 6.72 0.00
6 Afternoon REML Spherical 0.00 15.10 15.10 7.59 0.00
6 Night REML Spherical 0.00 13.29 13.29 5.11 0.00
7 Morning REML Spherical 14.51 10.98 25.49 7.59 56.93
7 Afternoon REML Spherical 0.00 29.79 29.79 6.59 0.00
7 Night REML Spherical 1.26 17.81 19.06 6.77 6.59
8 Morning REML Spherical 0.00 33.04 33.04 5.46 0.00
9 Morning REML Spherical 8.74 14.25 22.99 9.82 38.03
9 Afternoon REML Spherical 6.70 13.37 20.06 3.49 33.38
9 Night REML Spherical 0.00 16.21 16.21 5.43 0.00
10 Morning REML Spherical 0.00 23.08 23.08 6.59 0.00
10 Afternoon REML Spherical 0.01 26.67 26.68 5.71 0.04
10 Night REML Spherical 0.00 32.88 32.89 5.44 0.01
11 Morning REML Spherical 0.00 42.54 42.54 3.49 0.00
11 Afternoon REML Spherical 5.50 9.67 15.17 3.41 36.23
11 Night REML Spherical 6.29 11.86 18.15 3.48 34.68
12 Morning REML Spherical 12.14 24.65 36.79 3.49 33.00
12 Afternoon REML Spherical 11.79 20.08 31.87 3.42 36.98
12 Night REML Spherical 0.09 17.19 17.28 5.97 0.52
13 Morning REML Spherical 0.00 39.58 39.58 5.04 0.00
13 Afternoon REML Spherical 5.18 7.18 12.36 3.28 41.94
13 Night REML Spherical 6.22 7.84 14.06 3.20 44.25
14 Morning REML Spherical 0.00 32.23 32.23 3.48 0.00
14 Afternoon REML Spherical 3.58 10.68 14.26 3.80 25.12
14 Night REML Spherical 2.07 10.94 13.01 3.90 15.91
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afternoon and night periods on this desich justifies broiler aviary were mostly within the comfort range
the fact that the map of H distribution is presented only feecommended by Ponciaabal (2012), which should vary
the morning period. In this Figure, the regions with highdsetween 60 and 101 kJ .
values of H are characterized by reddish colors and the It is noteworthy that the 12th and 13th days during the
low values of H are illustrated by bluish and greenisthree analyzed periods (Figure 5e, 5k and 5q) were the
colors. most critical because they showed values below the comfort
During the second week of life, H values ranged frorthroughout the dayver the entire broiler aviarfhese
4810 91.8 kJ . In this wathe thermal conditions inside theconditions indicate that the broilers were subjected to

Morning
@ ® © @ & 6 @

——— oo wme
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Figure 4: Spatial distribution of enthalpy on the 1st (a, h, 0), 2nd (b, i, p), 3rd (c, j, q), 4th (d, k, r), 5th (e, I, s), 6th (f, m, t) and 7th
days (g, n, u) (), in the morning, afternoon and night periods, respectively
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Spatial and temporal distribution of enthalpy in aviary heated by industrial furnace 353

thermal discomfort conditions, which may harm the Thus, similarly to the first week of life (Figure 4), during
formation of the thermoregulatory system and yieldhe second week of life (Figure 5), H values were lower at
especially in the first weeks of life of the poultry (Cordeiranight in relation to other periods of the day

et al, 2011). According to Ferrazt al (2017b), chicks According to the isochore maps presented in Figu-
exposed to thermal challenges by cold in the first weeksiis 4 and 5, relative to the aningafirst and second

life may undergo a cumulative loss in relation to their livaveeks of life, respectivelyigh variabilities of thermal
weight, feed intake, water intake, and weight gain, possibfpnditions inside the broiler aviary were observed during
affecting their productive life up to the end of theiithe three analyzed periods. It can be observed that, the
production phase. broilers were subjected to thermal conditions close to

Morning
@ (@

Figure 5: Spatial distribution of enthalpy on the 8th (a), 9th (b, h, n), 10th (c, i, 0), 11th (d, j, p), 12th (e, k, q), 13th (f, I, r) and 14th
days (g, m, s) (kJ), in the morning, afternoon and night periods, respectively
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the comfort range in most of the days and in most of tl@rdeiro MB, Tinoco IFF Silva JN,Vigoderis RB, Pinto FDADC

broiler aviary However it is also observed that the & Cecon PR (2010) Conforto térmico e desempenho de pintos
L i o i i de corte submetidos a diferentes sistemas de aquecimento no

distribution of H over the facility was not uniform, i.e. periodo de inverno. Revista Brasileira de Zootecnia, 39:217-

the poultry were subjected to different environmental 224.

conditions inside the same poultry shAdcording to  Cordeiro MB, Tinéco IFF Mesquita Filho RM de & Sousa FC

Yanagi Junioet al. (2011), a homogeneity of variables (2011) Anélise de imagens digitais para a avaliagdo do compor

. Lt g Lt to de pintainhos d te. E hawaicola, 31:418-
inside the facility is expected inside a production 4a2'2en° @ pintainhos de corte. Engenhatgaicola

environment; otherwise, th_G_re may be an Imbalami:eerraz GAES, Silva FM da, Oliveira MS de, PaivA & Ferraz
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