HEAT LOSS IN ONE DAY OLD PULLETS INSIDE A HATCHERY
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ABSTRACT: After hatching, pullets are transported to brooding area and vaccinated. One day old
chicks have not already developed thermoregulation ability; thus, brooding temperature variations
may affect pullet quality leading to broiler meat production losses. This research aimed to calculate
sensible heat loss in one day old pullets in hatching area and vaccination room. Ten one day old
pullets were randomly selected from hatching area of a commercial hatchery. Infrared images were
used to calculate bird surface temperature. Exposure areas for the two conditions were quantified,
and both air temperature and wind speed was recorded. Total sensible heat loss was calculated as
heat loss by radiation plus heat loss by convection. It was found that heat transfer occurs in different
ways at different bird body parts. Total heat loss found for hatching baskets was equivalent to
0.81 J s while for vaccination room was 1.16 J s™*. Pullet nutrition is based on energy loss from
brooding to farm, and the overall pullet heat loss from hatchery to farm accepted is 13.95 J s,
Thus, “starter feed” has relevant excess of energy input. These findings indicate that less energy can
be used in initial feed, once heat loss is lower than assumed nowadays. Improved knowledge on
these conditions may enhance broiler farm feeding strategies and economics during first rearing
week.

KEYWORDS: sensible heat, post-hatching, infrared thermography.
PERDA DE CALOR EM PINTAINHOS DE UM DIA EM INCUBATORIO

RESUMO: Apds o nascimento, pintainhos sdo transportados para a sala de pintos e vacinados.
Pintainhos de um dia ainda ndo desenvolveram a habilidade de termorregulagéo, portanto a variagéo
da temperatura na sala de pintos pode afetar a qualidade dos pintainhos, levando a perdas na
producdo de carne de frangos de corte. Esta pesquisa visou a calcular a perda de calor sensivel em
pintos de um dia, na sala de pintos e na de vacinacao. Dez pintainhos de um dia foram selecionados
ao acaso na area de nascimento de um incubatorio comercial. Foram utilizadas imagens
termograficas infravermelho, para calcular a temperatura superficial das aves. As areas de
exposicdo das aves foram quantificadas nos dois ambientes, e ambas as temperatura e a velocidade
do ar foram registradas. A perda de calor sensivel total foi calculada como o calor perdido por
radiacdo somado a perda de calor por convecgdo. Foi encontrado que a transferéncia de calor ocorre
em diferentes formas, nas varias partes do corpo da ave. A perda de calor total encontrada nas
cestas do nascedouro era equivalente a 0,81 J s, enquanto na area de vacinacéo foi de 1,16 J s*. A
nutricdo de pintainhos é baseada na energia perdida desde o nascimento até a chegada a granja e,
geralmente é aceito o valor de 13,95 J s, como um valor total de perda de calor do incubatério até
a granja; portanto, a racdo inicial de pintainhos tem um valor excessivo de insumo de energia. Estes
resultados indicam que menos energia poderia ser usada na racdo inicial, uma vez que a perda de
calor € menor do que a assumida hoje. Conhecimento mais preciso destes valores pode melhorar a
estratégia de arragoamento na primeira semana de criacdo e a economia de criadores de frangos de
corte.

PALAVRAS-CHAVE: calor sensivel, pos-eclosdo, termografia infravermelho.
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INTRODUCTION

Cold brooding temperatures (<28 °C) have previously been shown to decrease broiler growth
compared to standard (£30 °C) or high (>32 °C) and the ideal relative humidity conditions (50%)
(BAARENDSE et al., 2006; LEKSRISOMPONG et al., 2009). Post-hatching temperature is
considered a physical factor that has major contribution on broiler performance affecting feed
intake, weight gain, and conversion rate (BAARENDSE et al., 2006; AKSIT et al., 2010;
BARACHO et al.,, 2010; CORDEIRO et al., 2010). In birds under heat stress, metabolic
modifications are observed, associated with biochemical and hematological variations (NITSAN et
al, 1991). After hatching, chicks are highly sensible to thermal changes and microorganism attack,
and a good management decision is to rapidly move them from hatchery to brooding area, adopting
environmental control and more appropriate temperature and relative humidity. When kept at
hatchery for more than 72 hours, they begin to dehydrate and could perish (BARACHO et al.,
2010).

Many other factors are related to the good management of hatcheries such as fertile eggs
storage, temperature and humidity control inside hutch box, good hatchery and brooding
environmental control, in order to keep pullet quality warranting better performance during the first
rearing weeks (CARDOSO, 2009).

Positive results in broiler performance (feed intake, weight gain, and conversion rate) are
affected by thermal control where flocks are reared, the most happen due to unbalanced heat loss
between bird and environment (SOUZA et al., 2010). Broilers need to be reared from hatch to
slaughter within thermal neutral zone to reach production efficiency (CORDEIRO et al., 2010).
When pullets are exposed to heat stress or other disturbance such as transportation from brooding
area to farm, they may get sick affecting flock productivity (CAMARGO, 2011).

Infrared thermal imaging is a non-invasive method of measuring radiant heat emitted from
surfaces. This technology has been used in many applications, including determining human and
animal skin surface temperatures (NAAS et al., 2010; NASCIMENTO et al., 2011a, b; HAUVIK &
MERCER, 2012). It is generally accepted that thermal patterns on skin are related to skin blood
perfusion (HAUVIK & MERCER, 2012). Blood flow differences on skin surface are important for
thermoregulation, and varies when environment temperature changes to maintain homeostasis
(YAHAV et al., 2004; FERREIRA et al., 2011; EDGAR et al., 2013). This shows the potential of
using thermal images to infer heat exchange and thermal comfort.

This research aimed to estimate surface temperature difference and to calculate sensible heat
loss in one day old pullets after hatching in brooding and vaccination area within a commercial
hatchery.

MATERIAL AND METHODS

The experiment was carried out in a commercial hatchery located in Amparo, SP, Brazil
(latitude 22°42'04" S, longitude 46°45'52" W at 674 m altitude), from January to February. Regional
climate according to Kdeppen classification is Cwa type (temperate and humid climate with dry
winter and hot summer); average daily temperature during trial was above 22 °C. Procedures were
followed as hatchery daily routine.

Ten pullets (Cobb®, 1 day old) were randomly selected from a 100 pullet box in commercial
multiple-stage incubation just after hatching. They were in good physical condition, had no
plumage damage and had been exposed to minimal handling during study. Subsequently being
separated from flock, they were marked upside head with appropriate ink for identification. After
trial, they were delivered back to the farm.

Chick surface thermal image was obtained using an infrared camera (Testo® 880) (Figure
1A), with £ 0.1 °C accuracy at approximately 0.50 m distance from target. Flock homogeneity was
checked from surface temperature distribution profile (Figure 1B) by using Testo IRSoft® software.
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FIGURE 1. Post hatch pullet thermographic image (A), and surface temperature distribution of
grouped birds (maximum surface temperature = 39.6 °C; average surface temperature
= 36.6 °C, and minimum surface temperature = 34.1 °C; standard deviation = 1.2 °C).

Next group imaging (10 images) in hatchery area, birds were taken to vaccination room where
new thermal images (10 images) were recorded (Figure 2) at 0.50 m distance from target. Through
Testo IRSoft® software, 10 points were marked within thermal image in each body part (head,
trunk, and legs - Figure 2) and average surface temperature calculated. By the means of a data
logger HTA® with accuracy of + 0.1 °C, environment temperature and air speed were recorded.
Surface temperature variation was calculated for both studied conditions. And field trial lasted for
approximately 15 minutes.

To estimate bird heat losses, surface area (A) was calculated based on sum of the most
suitable geometric forms for a bird. Head was considered a sphere, trunk an oval shape, and legs as
cylinders (Figure 2 A, B). Total sensible heat loss (Qst) was measured as the sum of the heat losses
by radiation (Qr), and convection (Qc) according to YAHAV et al. (2004). Conduction heat losses
to the floor were neglected by the authors as feet contact area is relatively smaller than the rest of

the body. Qr and Qc were calculated using Equations 1 and 2 (MEIJERHOF & VAN BEEK, 1993;
YAHAV et al., 2004).

Qr = eoA(Ts* —Ta*) (1)

Qc = hA(Ts - Ta) (2)
where,

Qr - radiation heat loss (J s™);

Qc - convection heat loss (J s);

& - skin and plumage emissivity;

o - Stefan Boltzmann constant (5.67 10 J s m?K™);

h - convection coefficient (15 J s m*C; MEIJERHOF & VAN BEEK, 1993):

A - bird surface area (m);

Ts - bird surface temperature ('C); and

Ta - air temperature ('C).

The used emissivity coefficient () was 0.94 for pullets, which is within the emissivity range
for biological material. There are several values adopted in literature, among them CANGAR et al.
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(2008) suggested the overall emissivity value of 0.95 for broilers, and MALHEIROS et al. (2000)
used 0.94 for post-hatch chicks.

B

FIGURE 2. Pullet infrared thermal image at hatchery (A), and at vaccination room (B) and bird
surface area estimation scheme.

Heat losses were separately calculated for each bird using each area first, and then added each
part heat loss resulting in total heat loss. Average surface temperatures of all birds were calculated
and environment temperature recorded. Tukey test was applied for average values, and comparison
processed using 95% of confidence interval.

RESULTS AND DISCUSSION

Hatchery environment temperature was 28.9 0.2°C, and sensible heat loss was
0.81+0.1Js™; while in vaccination room had 25.5 + 0.2°C environment temperature, and
1.16 + 0.1 J s™ heat loss. Considering displacement time of near 5 min (300 s), heat loss by each
bird is close to 300 J. The adopted feed energy threshold by ration formulation was 13.95 J s™
(AKSIT et al., 2010). This value is assumed considering pullet reaching farm in around 86,400 s (1
day). However, calculated heat loss average is almost ten times smaller than threshold, which may
infer that there might be an energy excess in initial feed ration to recover birds from heat loss that
is, actually, less than the assumed value. Considering energy as the highest cost in feed ration,
precise calculations may help initial feed cost (TZSCHENTKE & PLAGEMAN, 2006).

In the other hand, the heat loss calculation was affected by increased temperature in pullet
head due to physical reactions to vaccination, which increased its surface temperature. VVaccination

+
t
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against Marek in hatchery is mandatory, and most hatcheries also vaccinate pullets against other
epidemic diseases (LAUVERS & FERREIRA, 2011; MATEUS & SANTOS, 2011).

Bird body parts may contribute differently in heat losses and should be classified according to
vascularization or feathering as pointed out by ABREU et al. (2012). Heat loss to rearing
environment is related to bird surface temperature consisting on sum of each part heat loss. The less
feathered or non-feathered parts might promote higher sensible heat loss (NASCIMENTO et al.,
2011a). In the present study, sensible heat loss differed for each pullet body part (p < 0.05) (Figure
3). In hatching area, the highest heat loss occurred in legs (129.2 J s m™); while in vaccination
room, the highest sensible heat loss occurred for head (176.8 J s m™?). That probably is due to
inflammatory process from vaccination. Besides that, vaccination room temperature was lower than
hatchery, increasing sensible heat loss from bird (NEVES et al., 2009).

Trunk, which is the largest body part, contributed with 99.5% to total heat loss, when
considering each pullet body part as expected.

99.5 99.5
Pm————————— )
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. ' 3
‘ hacthery vaccination ‘ hacthery vaccination ‘
‘ Realtive contribution (%) ‘ Proportionalheatloss(Jsm2) ‘
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FIGURE 3. Pullet body parts contribution to heat loss and total sensible heat loss (head, trunk and
legs).

Total heat loss average was of 0.98 J s™ for both environments. This value effect in larger
displacement times from hatchery to farm can be harmful to pullets. YAHAV et al. (2004) found
that thermal unbalance in rearing conditions could affect metabolism and consequently
performance. Nowadays, pullet heat loss is estimated and then recovered through diet with a
baseline of 0.23 J s™*; representing 3,489 J s™ of metabolic energy per kg of initial feed ration.

Chicks survive the first days using egg residual nutrients (HAYASHI, 2011), which respond
by 50% of their energy needs and 43% of needed protein (VIEIRA, 2004). While 80% egg fat is
used by pullets in the first day, proteins take more time to be uses (NITSAN et al., 1991).
Therefore, if pullets are reared in farm close to hatchery, there is no need to use high initial feed
ration energy, i.e. using same feed ration energy dosage apart from transportation distance must
lead to cost waste.

High accuracy estimates of pullet heat loss will help to calculate a proper energy amount to
recover losses inside hatchery until farm delivery (FERREIRA et al., 2011; NEVES et al., 2009).
Using surface temperature through thermal images was possible to estimate sensible heat loss in a
stationary condition, which could be inferred when movement time is known. These results may
allow a better feeding strategy during broiler production.
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CONCLUSION

Thermal image use allowed estimating sensible heat loss for one day old pullets, which was
lower than the threshold adopted by broiler industry. Differences in heat loss amount were found by
each pullet body part.
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