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Abstract: The study aimed to analyze and quantify the potential factors contributing to carcass injuries
in beef cattle. Data were obtained from 1,980 batches (117,241 carcasses) of animals slaughtered at
a federally inspected (SIF) slaughterhouse located in the state of Para, Brazil, representing the total
annual slaughter volume of the facility. The data cover the period from May 2020 to May 2021 and were
analyzed using binomial regression. The results indicated that sex was the most influential variable in
model development, with batches of female animals exhibiting a 24 % higher likelihood of presenting
carcass bruises compared to batches of males. The presence of horned animals increased the odds
of carcass injuries by 120 % in mixed batches and by 473 % in batches composed exclusively of
horned animals, relative to batches of polled cattle. A total of 9,653 injured carcasses were recorded,
with an average of 4.87 injured carcasses per batch. The analysis further revealed that transport
distances exceeding 800 km increased the probability of injuries by 188 %. In summary, transport
conditions, travel distance, and loading densities were identified as the most significant factors
associated with carcass injuries. The study highlights the importance of monitoring the conditions to
which animals are exposed prior to slaughter, as these factors have a direct impact on production
parameters and commercial value. The findings underscore the necessity of implementing practices
that reduce stress and promote animal welfare throughout the production chain.

Keywords: pre-slaughter handling; animal welfar; beef cattle farming.

Resumo: O estudo teve como objetivo analisar e quantificar os possiveis fatores que contribuem para
lesbes em carcacgas de bovinos de corte. Foram utilizados dados de 1.980 lotes (117.241 carcacas)
de animais abatidos em um frigorifico com SIF no estado do Para (Brasil), correspondendo ao total
de abate anual desse estabelecimento. Os dados sao referentes ao periodo de maio de 2020 a maio
de 2021 e foram analisados por regressao binomial. Os resultados demonstraram que a variavel
sexo foi a mais relevante para a formagédo do modelo, com lotes de fémeas apresentando 24 % mais
chances de desenvolver hematomas nas carcagas em comparagéo aos lotes de machos. A presenga
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de animais aspados aumentou em 120 % e em 473 % as chances de haver carcacas lesionadas
em lotes mistos e com aspados, respectivamente, em comparagdo com lotes de animais mochos.
Foram registradas 9.653 carcagas lesionadas, com uma média de 4,87 carcagas por lote. A analise
indicou que distancias percorridas acima de 800 km aumentaram a probabilidade de lesbes em 188
%. Em resumo, o transporte, a distancia percorrida e as densidades de carga foram considerados
os fatores mais relevantes para a ocorréncia de lesdes. O estudo enfatiza a necessidade de atengao
as condigbes a que os animais sdo submetidos até o abate, pois essas condigbes impactam os
parametros produtivos e o interesse comercial, ressaltando a importancia de praticas que visem a
minimizar o estresse e a garantir o bem-estar animal.

Palavras-chave: manejo pré-abate; bem-estar animal; bovinocultura de corte.

1. Introduction

The livestock sector and products of animal origin are fundamental to sustainability, human
food and nutrition, poverty reduction, the expansion of livelihoods, food security, and the promotion
of health (). In this context, animal welfare allows for inferences to be made about the conditions
of animal husbandry and slaughter.

The beef production chain has sought to emphasize the importance of considering animal
welfare at all stages of their operations to producers, transporters, operators, consumers,
authorities, and organizations @. During pre-slaughter handling, cattle face challenges that
compromise this welfare and can lead to carcass lesions ®. Among the stressors, loading and
transport deserve attention, as in addition to directly affecting the animals, they involve variables
that are difficult to control ©.

Handling can be evaluated using subjective methods, such as visual analysis of the carcasses.
Monitoring the prevalence of bruises and contusions in slaughterhouses is an effective strategy
to assess the adopted handling practices ©. In the slaughterhouse, if the carcasses have any
impairment, partial or total condemnations occur. Once imperfections are identified, it is necessary
to discard marketable portions, which leads to economic losses as no resources are obtained from
these products ©7).

These losses could be minimized through investment in good handling practices during
pre-shipment and transport ®. Thus, promoting research that identifies the factors associated
with contusions in beef carcasses is essential for the implementation of strategies that reduce
production losses.

It is assumed that inadequate handling and transport practices are directly related to the
occurrence of lesions in beef cattle carcasses. In this sense, encouraging research aimed at
identifying the factors that influence the formation of contusions becomes essential to support the
adoption of more effective handling strategies, aiming to reduce economic losses in production.
Therefore, this study aimed to analyze and quantify the possible factors associated with the
occurrence of lesions in beef cattle carcasses.

2. Material and methods

The study was conducted with information from the database of the bovine slaughterhouse
located in the Municipality of Castanhal — PA, in northern Brazil (1°11'10.8"S 47°56'42.6"W),
covering one year of evaluation. The slaughterhouse operates in compliance with the regulations
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established by the Ministry of Agriculture and Livestock (MAPA) regarding sanitary, biosafety, and
animal welfare requirements for slaughter, processing, storage, import, and export through the
Federal Inspection Service (SIF 4554). tregion’s According to the Képpen-Geiger classification,
the region’s climate is designated as “Am”, a humid tropical or equatorial climate ©.

A survey of climatic data was carried out from the National Institute of Meteorology (INMET)
automatic weather station, located in the municipality of Castanhal — PA, to characterize the climate
during the experimental period. The rainy season, also known as the wet season, occurs between
the austral summer and autumn, from December to May, with an average monthly precipitation of
392.50 mm, a maximum temperature of 26.49 °C, and a minimum temperature of 25.62 °C. The
dry season, with less rainfall, occurs between June and November, showing an average monthly
precipitation of 144.43 mm, a maximum temperature of 27.7 °C, and a minimum temperature of
26.61 °C.

The data referring to animal weights and logistics were obtained based on the slaughter
reports and the transport manifests, during the period from May 2020 to May 2021. A total of
1,980 lots were evaluated, 1,922 male lots and 58 female lots, with each lot considered to be
an experimental unit. The average was 59 animals per lot, ranging from 3 to 380, and totaling
117,241 carcasses, of which 115,833 (98.80 %) were males and 1,408 (1.20 %) were females.
The average slaughter weights were 536.64 kg for males and 457.43 kg for females, while the
average hot carcass weights were 294.36 kg and 239.27 kg, respectively.

Regarding the presence of horns, the lots were categorized based on the percentage of
animals in the lots’ composition. Lots with more than 90 % of animals with horns were designated
as horned lots, lots with less than 90 % of animals with horns were classified as mixed lots, and
lots with no animals with horns were categorized as polled lots. In relation to the average weight of
the animals, the lots were categorized as light, with a weight up to 400.0 kg; medium, with weights
between 400.1-590.0 kg; and heavy, above 590.1 kg.

The variable season was divided into the rainy period, between December and May, and
the less rainy period (or dry period), between June and November, according to data provided
byINMET (9. Coat humidity and the transport vehicle were assessed at the time of unloading by
visual inspection of the animals’ coats and the vehicle’s floor. The lots were classified as dry, wet,
or mixed, considering the homogeneity or heterogeneity of the surface condition of the animals
and the inside of the vehicle.

The transport vehicles were divided into categories with distinct load capacities, considering
an average weight of 450 kg per animal. Truck-type vehicles with up to two partitions can transport
loads of 18 to 40 animals, while double-decker trailer-type vehicles have a capacity of up to 60
animals.

The lot’s stocking density was determined by the ratio between the total load weight in kg, and
the truck's cargo area, in m?, and was expressed in kg/m?. The density classes were assigned as
low (up to 200.0 kg/m?), medium (from 200.1 to 599.9 kg/m?), and high (above 600.0 kg/m?). The
distances covered were defined as the mileage traveled by the transport vehicle between the farm
and the slaughterhouse, being categorized into five classes: < 200 km, 200.1-400.0 km, 400.1-
600.0 km, 600.1-800.0 km, and > 800.1 km.
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The classification of bruises (hematomas) was carried out according to the criteria described
by Hoffman et al. ", who define a bruise as an injury to the muscle tissues resulting from an
impact with sufficient intensity to cause crushing and rupture of blood vessels, leading to the
extravasation and accumulation of blood and serum in the tissues.

The data were analyzed using R software, with the lots considered to be experimental units.
The binomial logistic regression model was used to compare lots that presented at least one
carcass with injury/bruising in relation to lots with carcasses without any injury/bruising. For the
construction of the binomial logistic regression models, the stepwise method was used, which
included the variables in stages considering forward selection. The choice of the best adjusted
model was based on the Akaike information criterion (AIC), taking into account the odds ratio (OR)
as a measure of the effect of the predictor variables in sets, along with the evaluation of the 95
% confidence intervals (Cl) " 12, The general binomial logistic regression model was as follows
(Equation 1):

Equation 1:
Yijklmnop

log — =a+ Si+C]+CPk+ El+Plm+ Tn + DPo + DCp + eijklmnop
1 —Yijklmnop

In this model, Yijklmnop is the dependent variable for lots with or without bruised carcasses;
a is the intercept of the model; Si is the effect of i in the category of animal sex (i =1 male, i = 2
female); Cj is the effect of j in the category of horn presence (j = 1 horned, j = 2 hornless, j = 3
heterogeneous lots); CPk is the effect of k in the weight category (k = 1 light, k = 2 medium, and k
= 3 heavy); El is the effect of | in the category of season (I = 1 rainy; | = 2 less rainy/dry); PIm is the
effect of Im in the category of coat and transport vehicle humidity states (m =1 wet, m = 2 dry, and
m = 3 adverse humidity condition); Tn is the effect of n in the transport vehicle type category (n =
1 trailer, n = 2 truck); DPo is the effect of o in the load density category (o = 1 low, 0 = 2 medium,
and o = 3 high); DCp is the effect of p in the distance traveled category (p = 1 if <200 km, p =2
from 200.1- 400.0 km, p = 3 from 400.1-600.0 km, p = 4 from 600.1-800.0 km, and p = 5 if > 800.0
km); and eijklmnop is the residual term.

3. Results and discussion

In the logistic regression analysis, the animal sex variable presented the highest AIC
value, being incorporated as the first variable in the prediction model for the probability of bruise
occurrence (Figure 1). The remaining variables were introduced following similar criteria, advancing
until no further significant improvements in model fit were observed with the inclusion of additional
variables. Thus, the order of variable inclusion in the model was as follows: "sex" category (Si),
"horn presence" category (Cj), "weight" category (CPk), "climatic period" category (El), "coat and
transport vehicle humidity states" category (PIm), "transport vehicle type" category (Tn), "load
density" category (DPo), and "distance traveled" category (DCp). Among the variables related to
the category with or without cranial appendages and transport, the following stood out as the most
relevant for model fit: the effect of the transport vehicle type (Tn), the effect of the distance traveled
(DPo), and the effect of the load density (DCp).
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Figure 1. Logistic reg ression adjustments for model definition by the AIC selection methodology with cumulative effect
at each step of adding a variable causing bruises to the model. Binomial model: Step 1. Added the effect of sex (Gi);
Step 2. Added the effect of the category with or without cranial appendages (Cj); Step 3. Added the effect of the weight
category (CPK); Step 4. Added the effect of the category of coat and transport vehicle humidity states (Pl); Step 5.
Added the effect of the season category (Em); Step 6. Added the effect of the transport vehicle type category (Tn); Step
7. Added the effect of the distance traveled category (DPo); and Step 8. Added the effect of the load density category
(DCp).

Once the model was adjusted, the interpretation regarding the significance of the estimated
coefficients considered the odds ratios for dichotomous independent variables (the odds of injury
occurrence or non-occurrence in the lots). The odds ratio is estimated by the quotient between
the odds of the event of interest occurring (Y = 1) in individuals with x = 1, and the odds of this
event occurring (Y = 1) in individuals with x = 0. The 95 % confidence interval for each estimated
coefficient was considered.

Out of a total of 117,241 animals in 1,980 different lots, 9,653 carcasses with bruises were
accounted for, amounting to 4.87 bruised carcasses per lot. The most influential variable in the
model was the sex of the animals. Females showed a 24 % higher probability of developing
carcass bruises compared to males; however, no difference was found between classes (Table 1).
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Table 1. Probability of occurrence of bruises in beef cattle carcass lots per causative variable, based on

binomial logistic regression.

Category Unbruised lots (%) Bruised lots (%) OR P-Value
Category of animal sex
Male 17.24 82.76 1 Reference
Female 14.41 85.59 1,24 NS
Category of horn presence
Hornless 94.12 5.88 1 Reference
Horned 26.39 73.61 573 i
Lotes heterogéneos 14.04 85.96 2.20 b
Weight category
Light 16.58 83.42 1 Reference
Medium 14.12 85.88 1.13 NS
Heavy 13.04 86.96 1.26 NS
Category of season
Rainy 14.12 85.88 1 Reference
Less rainy/dry 14.98 85.02 0.95 NS
Category of coat and transport vehicle humidity states
Dry 14.56 85.44 1 Reference
Wet 16.46 83.54 0.86 NS
Adverse humidity condition 7.89 92.11 1.99 NS
Transport vehicle type category
Truck 14.89 85.11 1 Reference
Truck trailer 4.1 95.89 4.08 *
Load density category
High 12.61 87.39 1 Reference
Medium 15.12 84.88 0.80 NS
Low 29.63 70.37 0.34 *
Distance traveled category
<200 km 16.65 83.35 1 Reference
201- 400 km 12.57 87.43 1.42 NS
401-600 km 12.50 87.50 1.28 NS
601-800 km 18.79 81.21 1.76 NS
>800 km 5.71 94.29 2.88 *

" OR = Odds ratio (the comparisons of factor levels were always made in relation to the reference level) 2***' ( P
< 0.001)™* (P <0.01)"™ (P<0.05)""(P<0.1); NS (Not significant).

Welfare is crucial throughout the entire pre-slaughter handling period, which comprises
everything from loading on the farm to the moment of stunning and slaughter. During this phase,
animals are exposed to various new stimuli, making them more prone to stress and fatigue, a
condition that can result in quantitative and qualitative losses in the carcasses ('Y. Consequently,
these impacts affect several areas, from production to the commercial sector.

The higher prevalence of bruised carcasses in lots of females destined for slaughter must
be related to the fact that culled females are not subjected to quality handling practices (1% 9.
The higher probability of bruising in females in the present study may be associated with the
capacity and memory of the females, which are subjected to non-ideal handling conditions for
longer periods, and due to these adversities, are more reactive than males, which are usually
better managed in production systems ('),
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Furthermore, the higher prevalence of injuries in lots of adult females may be justified by the
bony body structure of cows, which have a more protuberant posterior (pelvic) part of the body
due to bone dilation for ease of calving. This factor allows for collisions with the truck structure, in
addition to mounting behavior during estrus (1819,

The presence of horns in the lots revealed a higher prevalence of bruised carcasses. Lots with
horns and mixed lots increased the odds of bruised carcasses by 473 % and 120 %, respectively,
compared to lots of polled animals. The classifications regarding the weight category, climatic
period, and coat humidity did not influence the probability of bruise occurrence in the carcasses
(Table 1).

The presence of horns may contribute to the occurrence of bruises due to the aggressive
behavior of the animals, including pushing and actions that can lead to injuries. Zebu animals
or those with horns are more prone to exhibiting carcass injuries, resulting in potential economic
losses (). According to Grandin and Husson @9, cattle herds composed of 25 % to 50 % horned
animals have an injury rate of 10.5 %, while lots of polled animals reduce this incidence to 2.0 %
to 5.0 %. The results of this study regarding the presence of horns are consistent with the existing
literature, which suggests that the presence of horns in cattle herds may be undesirable as they
aggravate the incidence of injuries. Regardless of the degree of domestication, the presence of
horns increases the risk of attacks among group members and plays a crucial role in defining the
social hierarchy of herds, a condition that is a determining factor for injuries among animals @". It
should be noted that the presence of horns is a characteristic that can be targeted for selection,
despite the difficulty of genetic selection and its still limited understanding, due to the existing
phenotypic variation within cattle herds 2.

Although the average weight of the lots did not have a significant impact on the increased
occurrence of injuries, separating the animals into lots based on weight category is crucial for
preserving the integrity of the animals during transport and in the lairage pens, due to the disputes
that normally occur. However, the load density showed a significant relationship with the occurrence
of injuries in the bovine carcasses %,

When comparing lots transported exclusively in truck-type vehicles with those transported
in trailer-type vehicles, an increase of 308 % in the odds of injury occurrence was observed.
Regarding lots transported in more than one type of vehicle, no differences in the probability of
bruising were found (Table 1). Furthermore, analyzing the load density categories, it was observed
that low densities reduce the odds of carcass bruising by 66 %, not differing significantly from
medium density (Table 1).

For the distances traveled in the transport of animals, it is verified that lots transported up to
200 kilometers presented fewer carcass bruises. Although the increase in distance classes every
200 kilometers favors the probability of bruising occurrence, only the lots that traveled a distance
greater than 800 km showed an 188 % higher probability of injured carcasses (Table 1).

Low densities, although increasing the risk of injuries by allowing animal movement inside the
truck body, leading to collisions with compartment structures and other animals, were the densities
with the lowest probability of bruising in the present study. On the other hand, high stocking rates
are also aggravating factors for bruising, as they increase the probability of falls and injuries (such
as horn wounds, fights, kicks, and trampling), and aggravate animal stress 4.
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When evaluating data on the loading of animals for slaughter at a slaughterhouse in the
interior of the state of Sdo Paulo, Brazil, Brennecke et al. ?® concluded that a load density of 450
kg/m?is the one that provides bestoptimal welfare conditions, and consequently, a lower incidence
of bruising. However, according to the authors, despite 87 % of the carcasses presenting injuries,
medium density is still most recommended, since at both high densities (500 kg/m?) and low
densities (420 kg/m?), 100 % of the carcasses exhibited injuries. According to the data, adjusting
the load density is fundamental, as it not only decreases the probability of bruising, but also favors
production costs and lower losses in the production chain.

The season of the year can influence road conditions and animal welfare. In an experiment
carried out in Chile, Gallo et al. ©?® reported that there were 143.3 % more bruises in cattle
slaughtered during the autumn and winter, when compared to other times of the year. On the other
hand, Minka and Ayo @” observed a higher number of bruises in carcasses during the summer
period, when evaluating 150 animals in West Africa belonging to Bos indicus breeds. Despite the
differences in the periods identified, both studies agree that environmental conditions affect other
variables related to transport and impact animal health.

However, it is important to point out that the national road network still has extensive unpaved
areas, especially in the connections between large commercial centers and beef cattle production
systems. This results in the transport of animals on unmaintained roads, which become dangerous,
especially during the rainy season @®. Under adverse conditions, even over short distances,
animals become more susceptible to injuries due to maneuvers to avoid potholes, sudden braking,
the use of alternative routes, and other inherent problems, which lead to greater imbalance, and
collisions among the animals and with the truck body structures ° 30,

The largest number of bruises in lots transported in livestock trailers can be explained by the
structural characteristics of the vehicles. Mendonca et al. (' report that long trucks exhibit greater
dynamics in the traction area, causing a pronounced centrifugal effect and increased vibration,
which reduces animal stability and increases the probability of appendicular injuries. Furthermore,
the poor overall condition of the vehicles contributes to this problem.

Regarding the different types of vehicles for animal transport, the analysis conducted by
Ferreira et al. ®" addressed the incidence of bruises in cattle carcasses transported in straight
trucks, cattle trailers, and undivided trucks with trailer configurations. According to the authors,
in the three types of truck bodies evaluated, most of the analyzed carcasses presented between
one and five bruises. There was no carcass completely free of trauma, or exhibiting more than 15
bruises.

The distance between slaughterhouses and rural properties is another factor that increases
the probability of injuries. The largest number of injuries occurred due to the prolonged exposure of
animals to adverse conditions inherent to transport, such as inclement weather, excessive fatigue,
fear, hunger, and intense dehydration ®2. The results obtained demonstrate that the probability of
injuries increases as the distance traveled increases, especially on journeys exceeding 800 km
(p < 0.05), compared to distances less than 200 km (Table 1). Furthermore, long journeys across
properties are common in the state of Para, the second largest Brazilian state, with a territorial
extension of 1,247,955 km?.

The long distances traveled by cattle can lead to "fatigued cattle" syndrome, characterized
by a state of physical exhaustion due to excessive effort during transport. During this period, the
animals are deprived of water and need to remain standing ®%. There are still debates about the
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duration of journeys and the space available in the transport for cattle to lie down, stand up, and
turn around without impediments, highlighting the need for a comfortable structure that allows the
animals to lie down without the risk of transport-related injuries ®4. It is worth noting that excessive
vibrations, road conditions (whether poorly paved or unpaved), excessive acceleration, braking,
curves, and inadequate driving techniques cause fatigue and displace the animals' center of
gravity, leading many to be severely injured while attempting to balance themselves in the bodies
of the transport trucks ©% 36.37),

Bethancourt-Garcia et al. ®” reported a link between the distance traveled and road
infrastructure on the occurrence of bruises in the carcasses. The authors observed that the greater
the distance between the property and the slaughterhouse, the greater the number of bruised
carcasses recorded. Another example is from Moreira et al. ®®, who evaluated the carcasses of
624 male cattle, 30 to 36 months old, for the occurrence of hematomas when transported from
cities with distances below or above 200 km, six from the state of Mato Grosso and two from
the state of Par4, respectively. The authors highlighted that the number of hematomas in bovine
carcasses was greater (n=323) when the animals were subjected to distances greater than 200 km.
Furthermore, of the 272 animals in this group, 260 presented some type of injury, compared to the
animals that traveled less than 200 km (n=269), of which 43.75 % of the carcasses were affected,
among the 352 transported. This study also indicated that the hindquarters of the carcasses were
the most affected region.

The results presented here reinforce the importance of adopting practices that promote
animal welfare during transport, especially regarding the control of load density, separation by
sex, and dehorning in animals destined for slaughter. Despite the robustness of the sample, it
is important to highlight that the use of data obtained in a commercial environment may present
limitations, such as the lack of information about the animals' previous management, fasting time,
and environmental conditions during transport. These factors, although not controlled in this study,
can influence the results and should be considered in future research.

4. Conclusion

The analysis of pre-slaughter factors revealed that the sex of the animals, the presence of
horns, and the distance traveled during transport are determining factors for the occurrence of
injuries in bovine carcasses. These results reinforce the need for improvements in pre-slaughter
management, such as separating animals by sex, more careful handling of lots containing horned
animals, and the adoption of measures that minimize stress during transport, especially on longer
journeys. The implementation of these practices can contribute to reducing economic losses,
improving carcass quality, and ensuring better animal welfare conditions.
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