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Abstract — The aim of this study was to evaluate the
effects of different transport times and pre-slaughter
waiting on stress levels, behavior and meat quality
of lambs. Thirty two lambs, 127 + 7 days of age,
averaging 30.4 + 2.06 kg of body weight were
subjected to transport times of 2 or 6 hours. After
these periods, blood of the animals was collected and
then lambs remained for 12 or 24 h on pre-slaughter
waiting, while their behavior was assessed. Shortly
after the stunning, another blood sample was
collected and used to measure cortisol levels.
Displacement activity, rumination and interaction
between animals differed between the 24h and 12h
waiting periods (P < 0.05). The waiting period of 12h
also affected (P < 0.05) the quality of meat for the
variables shear force, L * and b *. There was no
interaction effect (P > 0.05) between transportation
and waiting periods. Although the 24h waiting
period has caused a slight toughness of the meat
when compared with the 12h period, it favors
animal welfare based on their behavior assessment
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. INTRODUCTION

The production of food from animal origin is

assessed currently both inside and outside the farm.

Stress can interfere in animal welfare. Some of the
stress factors that can be observed are the moving
of animals inside the property, when there is need
to change individuals between groups [1], as well
as the transport from the property to the
slaughterhouse [2]. For sheep, the shortest
transport period (30 minutes to 1h), increases
blood cortisol levels [3], while in longer journeys,
these levels return to baseline level [4]. The
waiting period in slaughterhouse is necessary to
allow the animals to rest from the journey which
they were subjected and to deflate their digestive

tract [5], and also enable behavioural activities
promoting their welfare. This study aimed to
evaluate the effects of different times of transport
and pre-slaughter waiting on stress levels, pre-
slaughter behaviour and the quality of lamb meat.

Il. MATERIALS AND METHODS

The study was approved by the Ethics Committee
on Animals Use (CEUA protocol number: 2014-
10) from "Luiz de Queiroz" Agriculture College -
ESALQ / USP.

Thirty two lambs with 127 + 7 days of age and
average body weight of 30.4 + 2.06 kg were used,
divided into two blocks (16 animals) with 21 days
of execution interval between them, adopting the
same procedures for both blocks as follows: Eight
animals were transported for a 6h period and the
other eight animals for 2h. The available area for
each animal during transportation period was 0.75
m?2 and at the end, they were manually unloaded
from the truck and randomly allocated into two
collective pens (15 m2 each), distinguishing
between waiting periods of 12 or 24 hours. Blood
samples were collected by venipuncture of jugular
vein, using vacuum tubes for evaluation of cortisol
levels. Behavioural data during the waiting periods
were collected through instant collection [6],
considering the body posture (lying and standing)
and behavioral activities (displacement, water
intake, rumination, interaction among animals,
other activities (urinate, defecate, bleat) and no
apparent activity (animals remained stopped for no
apparent movement)). At the end of the stipulated
waiting period, the animals were weighed and
stunned (using a captive bolt pistol) followed by
bleeding through jugular vein section, from where
another blood sample were collected for serum
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cortisol analyzes. Serum samples were analyzed in
duplicate by radioimmunoassay (RIA) following
the methodology of commercial kit (MP
Biomedicals, LLC, Orangeburg, New York) in an
automatic gamma counter (Wizard. 2; Perkin
Elmer, Downs Grove, IL USA). Longissimus dorsi
muscle was removed and exposed to air for 30
minutes then three measurements were taken at
different points to obtain the average meat color
value, using a spectrophotometer (model CM-600d
MINOLTA) for reading the parameters L*
(lightness), a* (red intensity) and b* (yellow
intensity) as indicated by Macdougall [7]. Four
Longissimus dorsi steaks were heated in oven until
the internal temperature reached approximately
75 °C and then cooled to the inner temperature of
40 °C. Three cylindrical samples of 1.27 cm
diameter of each steak were taken to measure the
maximum shearing force using a texturometer
(TA-XT 2i) coupled with Warner Bratzler blade (3
mm thick). The equipment was calibrated with
standard weight of 5 kg with a traceable standard.
The device descent speed was 200 mm / min [8]. It
was considered as the final value the average of 12
readings expressed in kgf.

For statistics, the experimental design was
factorial with two periods of transport and two
waiting periods in two blocks (different dates).
Analysis of variance was performed by PROC
GLM of SAS ® (SAS v. 9.2® Cary, NC) and
means were compared by the Tukey test at 5%
probability. Relative frequencies of each
behavioural activity were used, to make it possible
to compare periods of transportation and waiting
before slaughter.

Il RESULTS AND DISCUSSION

There was no interaction between transport and
waiting periods, and both transport periods did not
influence (P > 0.05) behavioral responses such as
cortisol levels and meat quality assessments. The
results are shown in Table 1. According to Fisher
et al. [9], sheep have quick adaptation to transport
conditions during a travel, supporting the results
found in this study. The serum cortisol increases in
sheep after loading at the beginning of the route
and decreases to basal values [9, 10], the decrease
in cortisol levels occurs within about one hour [4].

Table 1. Body posture, behavior and meat quality of
lambs subjected to two periods of transport and two
periods of pre-slaughter waiting.

Transport Waiting
VARIABLES SEM
2hours 6hours P 12hours 24hours P

Body Posture (%)

Lying 59.7 566 NS 54.4 619 NS 26
Standing 40.3 434 NS 45.6 381 NS 26
Activities (%)
Displacement 75 76 NS 9.6 55 ** 08
Water intake 04 04 NS 04 05 NS 02
Rumination 26.7 289 NS 236 320 ** 18
Interaction among animals 57 6.7 NS 46 78 ** 09
Other activities 155 155 NS 15.8 152 NS 12
No apparent activity 442 409 NS 46.1 390 NS 24
Stress (Mg / dL)
Cortisol after transport 0.22 029 NS 0.23 029 NS 01
Cortisol after waiting 0.18 0.17 NS 0.15 020 NS 01
Meat Quality
Shear force (Kgf) 26 25 NS 23 29 * 02
Cooking loss (%) 105 118 NS 115 109 NS 09
pHo 6.1 61 NS 6.1 61 NS 01
PH24 5.4 54 NS 5.4 54 NS 002
L* 437 430 NS 445 42.2 * 07
a* 119 11.7 NS 12.1 116 NS 03
b* 132 128 NS 135 125 * 03

NS = Not Significant; * = P < 0.05; ** =P < 0.01

Waiting periods influenced both behavioral
activities  (displacement,  rumination  and
interaction among animals) and the meat quality
variables (shear force, intensity L * and b *).

The 12 hours pre-slaughter waiting increased the
displacement activity (P = 0.001), which may
indicate a greater discomfort with the environment
[12]. According to World Organization for Animal
Health [13], the animals have high sense of
olfaction, and may react differently to a different
smell to which they were subjected. The 12h pre-
slaughter hours also decreases rumination activity
(P = 0.002). The environmental effect and hence
the low level of welfare can be confirmed with the
lowest rumination activity, as well as less
interaction between the animals from the 12 hours
waiting group when compared to 24 hours waiting
group. Rumination activity is indicative of a high
degree of ruminant’s welfare, and according to
Balbinotti et al. [14], that activity associated with
lying posture demonstrates better animal welfare
conditions. Interactions between animals was
lower (P = 0.01) in the 12 h waiting group.
Although a lower interactions has been observed,
the data demonstrated how the animals were
comfortable to the new environment, since they
did not show any aversive behaviour, such as
headers, and kept the behaviour of 'play’ with each
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other, which was common in their place of origin.
The behavioural characteristics of some animals
can trigger the behaviour of the entire group [15],
as well as new and / or enriched environments
increase motivation for interaction between
animals, but tends to decrease in a short time [16].
It is very likely that the lack of environmental
enrichment period and the average ambient
temperature explains the less interaction between
the animals from the 12h waiting period as shown
in Figure 1.
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Figure 1. Mean temperature and relative humidity
during the waiting periods of 12 or 24 hours before
slaughter

For meat softness, evaluated by shear force, the
values are characteristic of soft meat [17].
Although they have good softness, significant
difference (P = 0.02) can be observed between the
two pre-slaughter (12 or 24h) periods, with lower
values for the 12h period. This result may be
connected with the frequency of interaction
between the animals. Studies have reported that
the texture difference may be related to exercises
made by animals [18].

The meat color was influenced by waiting period.
Animals which have remained for 12 hours
waiting before slaughter had higher brightness
content (L*) as well as higher levels of yellow (b*
when compared to animals maintained on 24 hour
pre-slaughter waiting period. In both periods of
waiting, L* and b* values were superiors to those
reported in the literature [19], ranging between
31.36 to 38 for L*, and 3.34 to 5.65 for b*.
According to Safiudo [20], when b* intensity is
around 9 to 11, these are indications that the shade
of red are closer to the yellow region. Desirable
characteristics of meat, such as color and
tenderness are pH dependent [21]. In the present
study, the initial and final pH values were not

affected (P > 0.05) by periods of transportation
and waiting in which the animals were subjected,
and are within the range considered as normal for
sheep [22]. Studies reported that lambs that have
undergone stress before slaughter present values of
5.8 [23, 24], which was not observed in this study.

V. CONCLUSION

Although the 24h waiting period induces a slight
toughness of the meat when compared to 12h
waiting period, it promotes better welfare as
related to the behaviour of the animals.

ACKNOWLEDGEMENTS

Fundagdo de Amparo a Pesquisa do Estado de S&o
Paulo — FAPESP, for financial support.

Instituto de Zootecnia — APTA/SAA (Nova Odessa-SP-
Brasil) for help in the transport of animals.

REFERENCES

1. Lima, L.R. & Barbosa Filho, J.A.D. (2013). Impacto
do manejo pré-abate no bem-estar de caprinos e
ovinos. Journal Animal Behaviour Biometeorology
1(2):52-60.

. Ferguson, D.M. & Warner, R.D. (2008). Have we
underestimated the impact of pre-slaughter stress
on meat quality in ruminants? Meat Science 80:
12-19.

3. Andronie, 1., Ciurea, A., Andronie, V., Curcd, D.
(2011). Effects of transport on live weight and
behavior of lambs. Animal Science and
Biotechnologies 44(2):367-369.

4. Bobek, S., Niezgoda, J., Pierzchala, K., Litynski, P.
& Sechman, A. (1986). Changes in circulating
levels of iodothyronines, cortisol and endogenous
thiocyanate in sheep during emotional stress caused
by isolation of the animall from the flock. Journal
Veterinary Medicine Series A 33:698-705.

5. Northcutt, J.K., Savage, S.I., Vest, L.R. (1997).
Relationship between feed withdrawal and viscera
condition of broilers. Poultry Science 76:410-414.

6. Martin, P. & Bateson, P. (1993). Measuring
behaviour: an introductory guide. 2. ed.
Cambridge-UK: Cambridge University Press,
221p.

7. Macdougall, D.B. (1994). Color of meat. In: A.M.
Pearson & T.R. Dutson, Quality attributes and their
measurement in meat, poultry and fish products (pp
79-92). Heidelberg: Srpinger.

N

61% International Congress of Meat Science and Technology, 23-28" August 2015, Clermont-Ferrand, France



8. American Meat Science Association — AMSA (1995).

Research guidelines for cookery sensory and
instrumental tenderness measurement of fresh meat.
Ithaca, NY: University Cornell.

9. Fisher, A.D., Niemeyer, D.O., Lea, J.M., Lee, C.,
Paull, D.R., Reed, M.T. & Ferguson, D.M. (2010).
The effects of 12, 30 or 48 hours of road transport
on the physiological and behavior responses of
sheep. Journal of Animal Science 88:2144-2152.

10. Broom, D.M., Goode, J.A., Hall, S.J., Lloyd, D.M.
& Parrott, R.F. (1996). Hormonal and physiological
effects of a 15 hour road journey in sheep:
Comparison with the responses to loading, handling
and penning in the absence of transport. British
Veterinary Journal 152:593-604.

11. Cockram, M.S., Kent, J.E., Jackson, R.E., Goddard,
P.J., Doherty, O. M., McGilp, .M., Fox, A,
Studdert-Kennedy, T. C., McConnell, T.I. &
O’Riordan, T. (1997). Effect of lairage during 24 h
of transport on the behavioural and physiological
responses of sheep. Animal Science 65:391-402.

12. Broom, D. M. (2008). The welfare of livestock
during transport, In: Appleby, M., Cussen, V.,
Garcés, L., Lambert, L. & Turner, J. (Ed). Long
Distance Transport and the Welfare of Farm
Animals (pp 157-181). CAB International,
Wallingford, UK.

13. World Organisation for Animal Health (OIE). 2014.
Transport of Animal by Land. In: Animal Welfare,
Terretrial Animal Health Code.
http://www.oie.int/index.php?id=169&L =0&htmfile
=chapitre_aw _land_transpt.htm.

14. Balbinotti, M., Marques, L.T., Fischer, V., Stumpf
Junior, W., Barbosa, R., Zanela, C., Corréa, G.F.,
Varela, M., Peters, M. & Gongcalves, F. (2003).
Comportamento ingestivo de vacas em lactagdo
submetidas a restricdo alimentar. In: 40% Reunido

Anual da Sociedade Brasileira de Zootecnia, Anais...

SBZ. Santa Maria, Brasil.

15. Gonyou, H.W. (1991). Behavioral methods to
answer questions about sheep. Journal Animal
Science 69: 4155-4160.

16. Chapagain, D., Uvnds-Moberg, K .& Lidfors, L.M.
(2014). Investigating the motivation to play in
lambs. Applied Animal Behaviour Science 164: 64-
74.

17. Bicherstaffe, R., Le Couteur, C.E. & Morton, J.D.
(1997). Consistency of tenderness in New Zealand
retail meat. In: International Congress of Meat
Science and Technology, 43. (pp. 196-197)
Auckland. Anais... Auckland, New Zealand.

18. Carrasco, S., Panea, B., Ripoll, G., Sans, A., &
Joy, M. (2009). Influence of feeding systems on
cortisol levels, fat colour and instrumental meat
quality in light lambs. Meat Science 83: 50-56.

19. Souza, X.R., Bressan, M.C., Pérez, J.R.O., Faria, P.
B., Vieira, JO. & Kabeya, D.M (2004).
Caracteristicas fisico-quimicas da carne de cordeiros
do cruzamento Santa Inés e Bergamacia de
diferentes sexos e pesos ao abate. Ciéncia e
Tecnologia de Alimentos 24(4):543-549.

20. Safiudo, C. (1992). La calidad organoléptica de la
carne com especial referencia a la espécie ovina.
Factores que la determinan, métodos de la medida y
causas de variaciéon. Facultad de Veterinaria —
Departamento Produccidon Animal y Ciencia de los
Alimentos, Zaragoza, 177p.

21.Bonagurio, S., Pérez, J.R.O., Garcia, I.F.F., Bressan,
M.C. & Lemos, A.L.S. (2003). Qualidade da Carne
de Cordeiros Santa Inés Puros e Mesticos com
Texel Abatidos com Diferentes Pesos. Revista
Brasileira de Zootecnia 32(6):1981-1991.

22. Pinheiro, R.S.B., Jorge, A.M., Souza, H.B.A.,
Boiago, M.M. (2010). Coloragdo da gordura e
qualidade da carne de ovelhas de descarte abatidas
em distintos estagios fisiologicos.  Arquirvo
Brasileiro de Medicina Veterindria e Zootecnia
62:468-474.

23. Devine, C.E., Graafhuis, A.E., Muir, P.D. &
Chrystall, B.B.(1993). The effect of growth rate and
ultimate pH on meat quality of lamb. Meat Science
35:63-77.

24. Apple, J.K., Dikeman, M.E., Minton, J.E.
McMurphy, R.M., Fedde, M.R., Leith, D.E &
Unruh, J.A. (1995). Effects of restrain and isolation
stress and epidural blockade on endocrine and blood
metabolite status, muscle glycogen metabolism, and
indice of darck-cutting Longissimus muscle of
Sheep. Journal Animal Science 73:2295-2307.

61% International Congress of Meat Science and Technology, 23-28" August 2015, Clermont-Ferrand, France


http://www.oie.int/index.php?id=169&L=0&htmfile=chapitre_aw_land_transpt.htm
http://www.oie.int/index.php?id=169&L=0&htmfile=chapitre_aw_land_transpt.htm

