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Welfare of Broilers Ingesting a Pre-Slaughter
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ABSTRACT

The pre-slaughter period is considered critical in broiler production.
Several factors contribute to increase the birds’ stress, such as handling,
harvesting, and transportation, negatively affecting their welfare. This
study aimed at evaluating the addition of lemon grass (Cymbopogon
citratus Stapf) to the drinking water of broilers during the pre-slaughter
period on their behavior, blood cortisol, and surface temperature.
The study was carried out at the experimental farm of the Federal
University of Grande Dourados (UFGD), Dourados, MS, Brazil. In total,
2594 broilers were distributed according to a completely randomized
experimental design, in a 3x2x2 factorial arrangement, with four
replicates per treatment. Treatments consisted of three different lemon
grass levels (Cymbopogon citratus Stapf) used in the form of an infusion
(0, 0.1, and 5 g per L of water), sex (male or female), and genetic
strain (Ross® 308 or Cobb® 500). The infusion was offered when birds
were 42 days old. On that day, blood was collected for blood cortisol
level determination, broiler surface temperature was recorded, and
an ethogram was applied to register broiler behavior. Blood cortisol
level and broiler surface temperature were not affected by treatments
(p>0.05). The behavior of beak opening was different between the
genetic strains (p<0.05), being more frequent in Ross® 308 broilers.
Lemon grass water content did not affect broilers’ surface temperature
when consumed during the pre-slaughter period.

INTRODUCTION

During the pre-slaughter period before harvesting, broilers are kept
at high densities, and are submitted to stresses, such as feed withdrawal,
poor ventilation in the transport crate, and handling and harvesting
handling practices (Barbosa Filho, 2012). This management negatively
affected broiler welfare and interferes with their corticosterone balance
(Macari & Lugueti, 2002), which is a hormone released due to stress
exposure. Corticosterone may also induce cardiovascular diseases,
ascites, and modifications in immune functions (Grandin, 1998),
in addition of causing lymphoid tissue hypotrophy and hypoplasia
(Compton et al., 1990). In addition of blood changes, an increase in
the heat exchange in the featherless body parts of broilers under stress
is also observed (Dahlke et al., 2005) due to the increase in peripheral
vasodilatation (Borges et al., 2003), leading to variation in surface
temperature (Naas, 2011).

Infrared technology is a valuable tool to evaluate heat exchange
in broilers as it accurately records surface temperature (Cangar et al.,
2008; Yahav et al., 2008), allowing the estimation of metabolic heat
exchange, which is associated with heat stress.

301



Royer AFB, Garcia RG, Borille R,
Santana MR, Naas IA, Caldara FR,
Almeida Paz ICL, Zeviani WM,
Alves FMS, Sgavioli S, Mariano WS
|

Another key aspect in the estimation of broiler
welfare is behavioral observations (Pereira et al,
2007), including the analysis of their social behavior.
It is possible to infer on broiler welfare status is a
flock by determining the quantity and quality of social
interactions, (Naas et al., 2005; Nazareno et al., 2011).

Some plants contain chemical active principles that
may reduce anxiety and stress in humans (Rocha et
al., 2008). Lemon grass (Cymbopogon citratus Stapf)
affects the sympathetic nervous system, reducing
stress (Negrelle & Gomes, 2007). Although some
researchers investigated the use of phytotherapy
in poultry production, most are related to animal
nutrition (Wenk, 2003; Hashemi & Davoodi, 2010) and
microbiological control (Arshad et al, 2008; Lourenco
et al., 2013). This study aimed at evaluating the use
of lemon grass (Cymbopogon citratus Stapf) to reduce
broiler pre-slaughter stress.

MATERIALS AND METHODS

This study was carried out at the experimental
poultry sector of the Federal University of Grande
Dourados, MS, Brazil, and it was approved by the
Ethics Committee (CEUA; 007/2012). An open-sided
poultry house (50-m long; 10-m wide, and 3-m high)
was divided into 56 pens measuring 4.5 m? each.
Each pen was equipped with a bell drinker and a tube
feeder. The house environment was controlled by the
use of side double curtains and ventilation fans and
foggers distributed throughout the house, as well as
an evaporative cooling system controlled by a software.

The experiment was carried out in September,
2012. The birds were reared according to the genetic
strain manual, at a final flock density of 16 birds/m=.
House environment (dry bulb temperature and relative
humidity) was maintained as recommended by the
genetic strain manual. Litter consisted of rice hulls (5-
cm deep). Broilers were reared until 42 days old and
were offered water and feed ad libitum. Commercial
balanced feeds, supplying the broilers’ requirements
for the pre-starter, starter, grower, and finisher phases,
were fed.

In total, 2592 42-d-old broilers were distributed
according to a completely randomized experimental
design in a 3x2x2 factorial arrangement, with four
replicates of 54 birds each. Treatments consisted of
three different levels of a lemon grass (Cymbopogon
citratus Stapf) infusion added to the drinking water (0,
0.1, or 5 g/L of water), two sexes, and two genetic
strains (Ross® 308 e Cobb®500).
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The oven-dried lemon grass (Cymbopogon citratus
Stapf) leaves were acquired from a commercial company
(Flores e Ervas Comércio Farmacéutico Ltda., Sdo Paulo,
Brazil). The infusions (0, 0.1, or 5 g of leaves/L of
water) were prepared by crushing the dried leaves and
immersing them in boiling water (100° C). The infusions
were left to cool until reaching room temperature,
filtered, and then poured into the drinkers (Cruz et
al., 2007). The infusions were offered to the broilers
during the 6-h pre-harvesting fasting period (Castro et
al., 2008) on the 42" day of the grow-out. The infusion
was made available to the birds starting at 02h:00 min.
During the same period, ambient temperature (Ta) was
recorded using a digital thermo hygrometer HT-200
(Instruterm, Company, SP-Brazil).

Thermal images were recorded three times during
the trial using an infrared camera (Testo®, model 880)
with an accuracy of + 0.1 °C and a series of 7.5 pm
of the infrared spectrum, placed at 1 m height from
the birds. Images were recorded one hour after the
infusions were offered (03h:00min), at 05h:00min, and
07h:00min. Two thermal images per treatment, per
replicate, and per recording time were analyzed using
a thermal-imaging software (IR-Soft, Testo®, 2009),
with iron filter and emissivity coefficient of 0.95 for
the broiler body surface (Naas et al., 2010). In order to
accurately determine broiler surface temperature (Ts),
30 points were randomly selected on the broiler body,
and the average value was calculated. Temperature
data were submitted to analysis of variances and means
were compared by the test of Tukey at 5% significance
levels, using R Statistical Software (2012).

Broiler behavior was evaluated by indirect
monitoring using video footage. A total of three
video-recordings (5 min long each) were made per
treatment. Three broilers were selected for observation
during the total video footage, and the video was
played and re-played until each bird was observed for
5 min. Broiler behaviors (Table 1) were observed and
recorded as suggested by Souto (2003). The activities
were computed in percentage within the observational
time, with 5 min equivalent to 100%. The results
were submitted to analysis of variance and means
were compared by the Kruskal-Wallis test at 95% of
significance level, c (2012).

Twelve broilers per treatment were selected (three per
replicate, as recommended by Rosa et al., 2002). Birds
were duly identified and placed in transport crates (10
birds per crate) and transported to the Meat Laboratory
of the Federal University of Grande Dourados (UFGD).
Before slaughter, 5 mL of blood were collected per
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Table 1 - Descriptive ethogram of the experimental observed behaviors

Behavior Description

Drinking BE The bird stays at the drinker and ingests water.

Pecking other bird BF The bird aggressively pecks any part of the body of another bird.
Preening P The bird arranges its feathers with the beak, stimulating the uropigeal gland.
Standing still PP The bird is standing up and observing its surroundings.

Walking briskly AR The bird walks rapidly among the other broilers.

Standing or walking slow AD The bird moves slowly among the other broilers.

Lying down/sleeping D The bird either sits or lays down on the litter and sleeps.

Lying attentive DO The bird either sits or lays down on the litter and notes.

Lying on its side DL The bird either sits or lays down in lateral recumbency.

Opening the beak AB The bird sits on the litter with open beak.

Stretching AA The bird stretches one wing and one leg of the same body hemisphere.
Flapping the wings BA The bird flaps both wings.

bird by ulnar vein puncture in order to quantify blood
cortisol levels (Valle et al., 2008). Blood samples were
collected in test tubes containing one drop of heparin
(15 pL heparin/1 mL blood)and identified per treatment.
The tubes were centrifuged at 4000 rpm for 10 min
(Centribio, 80-2B, SP-Brazil) to, and the supernatant
was homogenized, resulting in three samples per
treatment. Samples were stored at 20°C (Valle et al.,
2008) and analyzed using a commercial kit (Cortisol
EIA, E52061 Westbrook, ME, USA).

The results were compared using the Kruskal-Wallis
test at 95% of significance level, using R Statistical
Software (2012). Cortisol levels were converted
from nmol/L (titration unit) to p/dL of blood using a
correction factor of 27.59.

RESULTS AND DISCUSSION

Broiler surface temperature was not affected by
sex, genetic strain, or lemon grass infusion levels (p
> 0.05) during the pre-slaughter fasting period (Table
2). Air ambient temperature and relative humidity (RH)
measured each time the birds’ surface temperature
was recorded were: recording 1= 20.5° C and 58.9
RH; recording 2 = 22.0 °C and 52.1 RH; recording
3 = 24.0°C and 51.3 RH. No interaction was found
between the times infrared images were recorded and
broiler surface temperature, differently from results
of Santi (2012). This author, using infrared imaging,
observed lower broiler surface temperature at the
times when environmental temperature were lower
(17.9° C; 20.0° C; 25.7° C), confirming the relationship
between body and environmental temperatures.
According to Borges et al. (2003), broilers become
sensitive to heat stress when air relative humidity
and ambient temperature exceed the thermal neutral
zone values, hindering heat dissipation and increasing
their body temperature to hazardous limits. This has
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a negative effect of live performance and may result
in death. The recommended ambient temperature and
air relative humidity for broilers are 21-23° C and 65-
70 %, respectively (UBA, 2008).

Table 2 - Average body surface temperature of broilers
as a function of sex, genetic strain, and lemon grass
(Cymbopogon citratus Stapf) levels in the drinking water.

Treatment Temperature ° C

20.5°C 22 °C 24°C
Sex
Male 34.6 34.0 35.7
Female 33.8 333 35.1
Genetic strain
Ross®308 34.2 33.7 35.4
Cobb® 500 34.5 33.6 35.3
Amount of lemon
grass
0 34.1 33.8 35.2
1 34.1 33.5 35.5
5 34.4 33.7 35.4
CV (%) 6.97 5.97 5.33

Means compared by the test of Tukey at 95% significance level.

Ross® 350 broilers exhibited higher frequency of
open beak behavior (p<0.05) than Cobb® 500 broilers.
This behavior was previously described by Pereira et
al. (2007), who reported that Ross® 350 broilers were
more susceptible to stress than Cobb®500 broilers, and
may present high metabolic rates when faced with
stressful situations, such as pre-slaughter handling
(Roque-Specht et al., 2009). Broilers usually change
their behavior when facing stress, and try to adapt to it
(Dahlke et al., 2005). Some behavioral patterns found
in the present study (Figure 1) were also reported by
other authors, such as wing flapping and stretching
(Alcoock, 2011). However, these are kinetic activities
and may not be associated with stress (Morrison,
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Figure 1 — Most frequently observed behaviors of broilers offered different levels of lemon grass in the drinking water during the pre-slaughter period.

2007). Except for pecking other birds, no negative
interactions among birds were observed during the
observation period (Table 3). Preening is described as
the behavior of cleaning and tiding its feathers with
the beak (Pereira et al, 2013), and it is an indication
of normal behavior. It was observed in several birds of
all groups during the observation period; however, no
differences were found among treatments (Figure 1).
Blood cortisol levels were not different between
sexes or genetic strains. In addition, lemon grass levels
did not influence blood cortisol levels (p>0.05), which

is consistent with the findings of Quinteiro Filho (2008).
Several factors may increase blood cortisol levels when
birds are exposed to stressors (Macari et al., 1994,
Caires et al., 2008). In the present experiment, it was
expected that, due to its known phytotherapeutical
effect of reducing human anxiety, the lemon grass
infusion would be able to reduce broilers blood cortisol
levels. However, the results indicate that the active
chemical principles of lemon grass were not able to
change blood cortisol levels of broilers during the pre-
slaughter period.

Table 3 - Overall behavior of broilers offered different levels of lemon grass (Cymbopogon citratus Stapf) in the drinking

water during the pre-slaughter period.

Behavior
Treatment

AA AB BA BE BF DL D DO P PP AR AD
Sex
Male 0.9 1.4 1.8 0.5 24 5.9 0.2 0.4 0.2 0.6 1.8 0.1
Female 1.0 0.8 1.8 0.5 24 5.5 0.2 0.2 0.2 0.6 1.9 0.1
Genetic strain
Ross®308 0.7 1.4 a 1.7 0.7 2.4 55 0.3 0.4 0.1 0.5 1.9 0.1
Cobb®500 1.2 0.7b 1.9 0.3 24 5.9 0.2 0.2 0.3 0.7 1.8 0.2
Lemon grass level
0 0.5 1.2 1.3b 0.3 2.8 5.3 0.2 0.4 ab 0.2 0.6 1.5 0.1
1 1.3 1.1 1.7ab 0.7 2.7 5.5 0.2 0.5a 0.2 0.6 1.8 0.2
5 1.2 1.0 24a 0.4 1.7 6.3 0.2 0.03 b 0.2 0.5 2.2 0.2

Means followed by different letters in the same column are different by the Kruskal-Wallis test with 95% significance level. The abbreviation of the behaviors is presented in Table 1.
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CONCLUSION

There was no effect of lemon grass infusion
on plasma cortisol levels, surface temperature, or
behavioral traits of broilers evaluated during pre-
slaughter fasting periods. Studies on the stress of
broilers offered lemon grass during the pre-slaughter
feed-fasting period are needed.

REFERENCES

Alcoock J. O comportamento animal: uma abordagem evolutiva. Porto
alegre: Artmed editora; 2011. p.624.

Arshad N, Zitterl-Eglseer K, Hasnain S, Hess M. Effect of Peganum
harmala or its B-carboline alkaloids on certain antibiotic resistant
strains of bacteria and protozoa from poultry. Phytotherapy Research
2008;22(11):1533-1538.

Barbosa Filho JAD. Manejo: Apanha Bem Feita. Revista Avisite 2012;59:36-
33.

Borges AS, Maiorka A, Silva AVF. Fisiologia do estresse calérico e a utilizacéo
de eletrélitos em frangos de corte. Ciéncia Rural 2003;33(5):975-981.

Caires CM, Carvalho AP, Caires RM. Nutricdo de frangos de corte em clima
quente. Revista Eletronica Nutritime 2008;5(3):577-583.

Cangar O, Aerts JM, Buyse J, Berckmans D. Quantification of the spatial
distribution of surface temperatures of broilers. Poultry Science
2008;87(12):2493-2499.

Castro JBJ, Castillo CJC, Ortega EMM, Pedreira MS. Jejum alimentar na
qualidade de frangos de corte criados em sistema convencional.
Ciéncia Rural 2008;38(2):470 — 476.

Compton MM, Gibbs PS, Johnson LR. Glicocorticoid activation of
deoxyribonucleic acid degradation in bursal lymphocytes. Poultry
Science 1990;69(8):1292-1298.

Cruz MES, Nozaki MH, Batista MA. Plantas medicinais e alelopatia. Revista
Biotecnologia, Ciéncia e Desenvolvimento 2007:28-34.

Dahlke F, Gonzales E, Gadelha AC, Maiorka A, Borges AS, Rosa OS, Filho
DEF, Furlan RL. Empenamento, niveis hormonais de triiodotironina
e tiroxina e temperatura corporal de frangos de corte de diferentes
genotipos criados em diferentes condicdes de temperatura. Ciéncia
Rural 2005;35(3):664-670.

Del-Claro K. Comportamento animal - uma introducdo a ecologia
comportamental. Jundiaf: Distribuidora/Editora livraria Conceito; 2004.

Ferrante V, Verga M, Mangiagalli MG. Behaviour reactions, semen quality
and testosterone levels in cocks: genetic implications. Animal Welfare
2001;10(3):269-279.

Grandin T. Objective scoring on animal handling and stunning practices
in slaughter plants. Journal of the American Veterinary Medical
Association 1998;212(1):36-9.

Hashemi SR, Davoodi H. Phytogenics as new class of feed additive in poultry
industry. Journal of Animal and Veterinary Advances 2010;9(17):2295-
2304.

Lourenco TC, Mendonca EP, Nalevaiko PCl, Melo RT, Silva PL, Rossi DAV.
Antimicrobial effect of turmeric (Curcuma longa) on chicken breast
meat contamination. Revista Brasileira de Ciéncia Avicola 2013;15(2):
79-82.

Macari M, Luquetti BC. Fisiologia cardiovascular. In: Macari M, Furlan
RL, Gonzales E. Fisiologia aviaria aplicada a frangos de corte. 2.ed.
Jaboticabal: FUNEP; 2002. p.17-36.

Macari M, Furlan RL, Gonzales E. Fisiologia aviria aplicada a frangos de
corte. Jaboticabal: FUNEP; 1994. p.296.

305

Welfare of Broilers Ingesting a Pre-Slaughter Hydric
Diet of Lemon Grass

Morrison BAEPT. Atividade cinética e mimetismo das aves silvestres. Sao
Paulo: Artemisia; 2007. v.1, p.182.

N&das 1A, Pereira DF, Baracho MS. Bem-estar e comportamento. In: Macari
M, Mendes AA. Manejo de matrizes de corte. Campinas: Facta; 2005.
v.2, p.45-55.

Naas IA, Romanini CEBR, Neves DP, Nascimento GR, Vercellino RA. Broiler
surface temperature distribution of 42 day old chickens. Scientia
Agricola 2010;67(5):497-502.

Naas IA. Ambiéncia avicola: construindo solu¢ées com novas tecnologias
[cited 2011 Set 24]. Aveworld: Animal Word; 2011.Available from:
http:www.aveworld.com.br

Nazareno A, Pandorfi H, Guiselini H, Vigoderis RB, Pedrosa EMR. Bem-estar
na producao de frango de corte em diferentes sistemas de criacao.
Engenharia Agricola 2011;31(1):13-22.

Negrelle RRB, Gomes EC. Cymbopogon citratus Stapf: chemical composition
and biological activities. Revista Brasileira de Plantas Medicinais
2009;9(1):80-92.

Pereira DF, Batista ES, Sanches FT, Gabriel Filho LRA, Bueno LGF
Comportamento de poedeiras criadas a diferentes densidades e
tamanhos de grupo em ambiente enriquecido. Pesquisa Agropecudria
Brasileira 2013;48(6): 682-688.

Pereira DF, Salgado DD, N&as IA, Penha NLJ, Bighi CA. Efeitos da
temperatura do ar, linhagem e periodo do dia nas frequéncias de
ocorréncias e tempos de expressao comportamental de matrizes
pesadas. Engenharia Agricola 2007;27(3):596-610.

Rocha JSR, Lara LJC, Baido NC. Producdo e bem-estar animal: aspectos
éticos e técnicos da producdo intensiva de aves. Ciéncias Veterinaria
dos Tropicos 2008;1(1):49 -55.

Roque-Specht VF, Simoni V, Parise N, Cardoso PG. Avaliacao da capacidade
de retencdo de agua em peitos de frangos em funcao do ph final.
Revista Brasileira Agrociéncia 2009;15(1-4):77-87.

Rosa OS, Figueiredo EAP, Bomm ER, Boff JA. Efeito da temperatura e
duracdo de jejum pré-abate sobre indicadores de estresse em frangos
de corte abatidos aos 35 e 49 dias de idade [cited 2011 Set 24].
Avisite; 2002. Available from: htpp://www.avisite.com.br/cet/trabalhos.
asp?codigo=37.

Santi FM. Calor metabolico de frangos de corte e poedeiras alimentados
com diferentes fontes lipidicas. Dissertacao (Mestrado em Zootecnia) —
Dourados (MS): Universidade Federal da Grande Dourados; 2012. 45p.

Silva MAN, Filho PH, Roséario MF, Coelho AAD, Savino VMS, Garcia AAF,
Silva IJA, Menten JFM. Influéncia do Sistema de Criacdo sobre o
Desempenho, a Condicao Fisiolégica e o Comportamento de Linhagens
de Frangos para Corte. Revista Brasileira de Zootecnia 2003;32(1):208-
213.

Souto A. Os principais tipos e métodos de observacdo. Etologia: principios e
reflexdes. Recife: Editora Universitaria UFPE; 2003. p.47 — 49.

UBA - Unido Brasileira de Avicultura. Protocolo de bem-estar para aves
poedeiras; 2008 [cited 2011 Out 14]. Available from: www.uba.org.br.

Valle SF, Allgayer MC, Pereira RA, Barcellos LJ, Hlavac NRC, Franca RT,
Locatelli ML. Parametros de bioquimica sérica de machos, fémeas e
filhotes de Araras canindé (Ara ararauna) saudaveis mantidas em
cativeiro comercial. Ciéncia Rural 2008;38(3):711-716.

Quinteiro Filho WM. Efeitos do estresse térmico do calor sobre os indices
zootécnicos, a integridade do trato intestinal e a imunidade inata em
frangos de corte [dissertation]. S&o Pulo (SP): Universidade de Sao
Paulo; 2008. 138p.

Yahav S, Rusal M, Shinder D. The effect of ventilation on performance body
and surface temperature of young turkeys. World's Poultry Science
Journal 2008;61:419-434.

Wenk C. Herbs and botanicals as feed additives in monogastric animals.
Asian-Australasian Journal of Animal Science 2003;16(2):282-289.






