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Abstract

The purpose of ante- and post-mortem inspections at slaughterhouses is to ensure that meat and other relevant food
products of animal origin are safe for human consumption. However, these inspections can also be useful for detect-
ing animal health and welfare issues. In cattle, traumatic injuries from on-farm incidents, transport or handling

at the slaughterhouse are indications of both reduced animal welfare and increased risk of food waste, ultimately
resulting in economic losses for both farmers and slaughterhouses. This observational study aimed to investigate
the prevalence and seasonal variation of traumatic injuries in cows and heifers reared on organic and conventional
farms in Sweden. The study includes slaughter remarks and condemnations from meat inspection data from 336,071
animals slaughtered between 2020 and 2022. Two types of injuries were analysed: “chronic traumatic injuries” (CTI)
sustained on-farm and “acute traumatic injuries” (ATI) sustained during transport or at the slaughterhouse. Logistic
regression models were developed to assess the influence of production system and season. Results show a higher
prevalence of CTl in animals from conventional farms (9.8%) compared to organic farms (6.9%; P < 0.001), which

may indicate that animals from organic farms are managed and handled in a way that makes them better pre-

pared for challenges that they are later exposed to on-farm prior to slaughter. ATl were more frequent in animals
from organic farms during the grazing period (interaction between production system and season: P=0.002), which
may indicate that animals from organic farms find the transition to the slaughterhouse environment more abrupt
and stressful during the grazing period. Condemnations due to injuries were significantly higher for animals with CTI
or ATl compared to animals without these specific remarks. These findings highlight the importance of pre-slaughter
management, both on-farm and at the slaughterhouse, and slaughterhouse design in improving animal welfare

and reducing food as well as economic losses associated with carcase condemnations.
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the relationship between pre-slaughter experiences,
stress, animal handling, and meat quality. These factors
include earlier human-animal interactions, transpor-
tation effects, time spent in lairage and facility design
[4-9]. Accordingly, slaughterhouse staft observe differ-
ences in how animals cope and behave during handling at
slaughter, which can be influenced by factors such as the
on-farm production system (e.g. conventional vs organi-
cally certified farms), season (e.g. pasture vs indoor hous-
ing periods) and herd origin. All food-producing animals
in Europe, including Sweden, are subject to official ante-
and post-mortem (meat) inspections at slaughter [10]. At
these inspections, the official veterinarian, employed by
the Swedish Food Agency, may make decisions such as
partial or total condemnation if the meat is deemed unfit
for human consumption. A recent study found that the
primary reason for partial condemnation of cattle car-
cases in Sweden was traumatic injuries sustained on the
farm [11]. These types of injuries, as well as more recent
bruises, are important indicators of poor animal welfare
but also have financial consequences for both slaugh-
terhouses and farmers, leading to part or whole carcase
condemnations [5, 12—-14]. Additionally, such condem-
nations contribute to food waste, as injured or damaged
meat is excluded from the supply chain and deemed
unsuitable for human consumption. This observational
study aimed to investigate the prevalence and seasonal
variation of chronic traumatic injuries (CTI) and acute
traumatic injuries (ATI) (i.e. physical injuries, including
bruises, fractures, cuts, and hematomas), among cows
and heifers, reared on conventional and organic farms in
Sweden. Older injuries occurring on the farm are classi-
fied as CTI, whereas ATI refers to more recent injuries
sustained during transport or at the slaughterhouse.
Information on meat inspection data, i.e. slaughter
remarks and carcase condemnation on cows and heifers
of dairy and beef breeds slaughtered at Swedish slaugh-
terhouses were provided by the cattle farmer’s associa-
tion Vixa, which routinely collects information for the
Swedish dairy and beef recording schemes. Two slaugh-
ter remarks of specific interest for animal welfare were
identified, CTI and ATI, originating from routine veteri-
nary post-mortem examinations of carcases conducted
by the Swedish Food Agency. However, there are no pre-
cise guidelines in the inspection instructions for when an
acute injury is considered to develop into a chronic one
[15]. Only cows and heifers were included, as it is manda-
tory to keep animals of these categories on pasture dur-
ing the vegetative season according to Swedish animal
welfare legislation [16, 17], enabling assessment of differ-
ences between pasture and indoor seasons. The final data
set included information on 336,071 slaughtered cows
and heifers of both beef and dairy breeds slaughtered
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2020-2022 (116,512, 106,390 and 113,169 in the year
2020, 2021 and 2022 respectively), representing 56.2%
of all cows and heifers slaughtered in Sweden during the
period [18]. Of these, 12.7% originated from farms that
were organically certified according to KRAV’s standards
[19] (the main organic label in Sweden). Data editing,
calculation of descriptive statistics and statistical analy-
ses were performed using Statistical Analysis Software
(SAS) version 9.4 (SAS Institute, Inc., Cary, NC). Differ-
ences in the prevalence of CTI and ATI between produc-
tion systems and by season were analysed with logistic
regression using PROC GLIMMIX, binomial distribution
and logit link. The model included the fixed effects of the
production system (organic, conventional), slaughter year
(2020, 2021, 2022), slaughter month (12 classes, Janu-
ary — December), animal category (cow, heifer) and the
interaction between the production system and slaughter
month. Moreover, the model included slaughter weight
as a continuous covariate (adjusting for the size of the
animal including partial breed effects between heavier
and lighter breeds) and the fixed random effect of slaugh-
terhouse nested within slaughter year (including both
effects such as management and size of the enterprise as
well as geographic location).

In total, 9.4% of carcases from cows and heifers had
the remark CTI (6.9% in animals from organic farms and
9.8% of animals from conventional farms) and 1.0% ATI
(1.2% in animals from organic farms and 1.0% of animals
from conventional farms). Carcase weight, conformation
and fatness scores were numerically higher in animals
originating from conventional compared to animals from
organic farms (Table 1). The amount of condemned meat
was higher in carcases with the remark CTI compared to
carcases without this specific remark (mean 23.2 kg and
5.1 kg respectively: P<0.05 with t-test). Similar results

Table 1 Carcase weight, conformation, and fat score in cows
and heifers from certified organic and conventional farms

Organically Conventional farms

certified farms

n=42,517 n=293,554

Mean SD Mean SD
Carcase weight (kg) 305.6 5262 318.1 56.55
Carcase conformation score' 43 4.89 5.0 548
Carcase fatness score’ 7.0 214 7.6 228

SD standard deviation

! Conformation score 3=P+,4=0-,5=0,6=0+, 7=R- according to the
EUROP carcase classification scheme, with higher scores for more developed
muscles

2 Fatness score 7="3-"8="3",9="3+"10="4-" 11="4" according to the
EUROP carcase classification scheme, with higher scores for more fat on the
carcase
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Fig. 1 Prevalence of chronic traumatic injuries (CTl) in carcases from organic and conventional farms (2020-2022). The graph shows the least
square means (+standard error) of the slaughter remark CTl that occurred on-farm in carcases from cows and heifers slaughtered 2020-2022

originating from organic (n=42,517) and conventional (n=293,554) farms

were found for the remark ATI with an average of 15.1 kg
vs. 6.7 kg respectively (P<0.05 with t-test). This sec-
ondary finding of the present study confirms previous
research, emphasising that injuries and bruises sustained
during pre-slaughter and slaughter handling are not only
indicators of poor animal welfare but also have economic
implications for both farmers and slaughterhouses due to
carcase condemnations [5, 20—22].

A lower proportion of cows and heifers from organic
herds was identified with the remark CTI compared to
those from conventional farms. This trend remained con-
sistent across all seasons throughout the year (F=95.9,
P<0.001; Fig. 1). Differences in management practices
between conventional and organic dairy and beef farms
in Sweden primarily relate to preventive animal health
management (including parasite control), feed composi-
tion (notably the restriction on protein feed availability)
and animal handling practices at the time of slaughter
(Table 2) [19]. While access to pasture is a major distinc-
tion between conventional and organic farming in many

countries, this is not the case in Sweden, where pasture
access is mandatory for both beef and dairy farms [16,
17]. However, KRAV regulations impose stricter require-
ments regarding, for example, the minimum hours per
day animals must spend on pasture and the minimum
duration of the pasture season [19]. Regardless of pro-
duction system, pasture season varies with climate and is
thus the vegetative season across Sweden, with shorter
seasons in the north and longer seasons in the south.
This was partly adjusted for in the statistical analyses by
including slaughterhouses nested within the slaughter
year as a random effect. The difference in the prevalence
of CTI between cows and heifers from organic and con-
ventional farms (6.9% vs. 9.8%) may indicate differences
in management and handling practices. Animals from
organic farms might be better prepared to handle the on-
farm challenges they face prior to slaughter.

The proportion of cows and heifers with ATI was sig-
nificantly higher during the grazing period (i.e. when ani-
mals are kept on pasture, May — October, depending on

Table 2 Overview of selected slaughter regulations for KRAV certified, EU organic, and conventional farms (2022)

KRAV-certified EU-organic Conventional
Free access to roughage Yes No No®
Maximum transport 8 h Yes Yes Yes
Use of electric prods allowed No Yes® Yes
Stay overnight at the slaughterhouse Yes© Yes Yes
Stunning prior to exsanguination Yes Yes Yes

? Required only during the night
b Not allowed at loading or unloading

€ Not more than 30% of the animals
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Fig. 2 Prevalence of acute traumatic injuries (ATl) in carcases from organic and conventional farms (2020-2022). The graph shows the least
square means (+standard error) of the slaughter remark ATl that occurred either during transport or at the slaughterhouse in carcases from cows
and heifers slaughtered 2020-2022 originating from organic (n=42,517) and conventional (n=293,554) farms

geographic location) for animals from organic farms, but
not among animals from conventional farms (interaction
between production system and season: F=2.7, P=0.002;
Fig. 2). Animals from conventional farms, which are typi-
cally kept outdoors for fewer hours during the day (a
minimum of six hours per day are mandatory), might
find the transition to the slaughterhouse environment
less abrupt and stressful as they spend more time indoors
even during the pasture period, potentially explaining
the differences in acute traumatic injuries. However, this
observational study cannot establish any causal effects
(e.g. animals staying overnight, the use of electric prods,
etc.), thus further research is needed.

The findings of this observational study provide a start-
ing point for discussions on optimising slaughterhouse
facility design in order to prevent on-site injuries and
improving pre-slaughter management practices at the
farm level to reduce handling-related injuries, thereby
enhancing overall animal welfare.
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