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Introduction: Traumatic injuries such as bruises have been considered an
important indicator to assess animal welfare in livestock farming. The
possibility of assigning the injury to a particular stage or moment in the
production process may allow judgments on possible causes and thus reduce
its prevalence. Currently, there is no consistent definition or scoring system for
bruised poultry carcasses in German meat inspection and the prevalence is
affected by the variability of scoring systems as well as observer bias. Therefore,
the objective of this study was to determine the inter-observer reliability of bruise
characteristics at the slaughter line and to validate the findings with
measurements of bruises and photographed carcasses.

Methods & results: Inter-observer reliability was assessed with two observers who
each scored 10,880 turkey carcasses simultaneously at a running slaughter line
after a short training session. The strength of agreement was “good” for the total
number of detected bruises and the number of bruises on breasts, wings, and legs
per flock (ICC = 0.81 — 0.88). Agreement (ICC) on the number of small, medium,
and large bruises ranged between “good” and "“moderate” values (0.70 — 0.84),
whereas the number of bruises in different colors showed “moderate to poor”
reliability (0.04 — 0.64). Additionally, agreement on bruise characteristics was
tested using photographs (n= 513 carcasses) without a time limit. The highest
agreement between observers was found for the location of bruises (Kw = 0.98).
Again, the color of the bruises showed the lowest agreement (Kw = 0.36), whereas
it was “moderate” for the size of the bruises (Kw = 0.45). When comparing each
observer's scoring values for size with size measurements (digital analysis) of the
bruises, the observers tended to underestimate the actual size.

Discussion & conclusion: Overall, the total number of detected bruises and the
location of the bruises showed the highest agreement between observers at the
slaughter line and from photographs, indicating they were reliable variables.
However, as the color variable showed a low agreement, a standardized
objective method should be developed to objectively assess bruise prevalence
and characteristics.
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1 Introduction

According to EU regulations, slaughterhouses are required to
conduct animal welfare inspections (EU 2017/625, EU 2019/627).
Traumatic injuries such as bruises are considered an important
indicator in assessing animal welfare (Grilli et al., 2015; Huneau-
Salaiin et al., 2015; EFSA, 2019; Valkova et al., 2021). Despite the
handling of living birds at the abattoir, there are a number of stages in
the pre-slaughter chain that present a risk of injury to the birds,
including rearing, catching, crating, and transport (Prescott et al,
2000; Nijdam et al., 2004; Allain et al., 2009; Gouveia et al., 2009;
Langkabel et al., 2015; Jacobs et al., 2017a; Villarroel et al., 2018;
Monch et al, 2020). However, existing studies addressing the
prevalence of bruises in poultry are very heterogeneous in their
study design, and thus, the applied methodology and the obtained
results vary (Prescott et al., 2000; Nijdam et al., 2005; Allain et al.,
2009; Gouveia et al., 2009; Krautwald-Junghans and Felhaber, 2009;
Allain et al., 2013; Jacobs et al., 2017b; Villarroel et al., 2018; Monch
et al., 2020). The main differences include the anatomical location
assessed, the size threshold at which the bruises were examined, and
the evaluation of the color of these bruises. Consequently, the
prevalence of bruises on poultry carcasses is highly affected by the
variability of the applied scoring systems, which makes it difficult to
compare published results (Cockram and Dulal, 2018). Furthermore,
visual scoring of lesions is influenced by observer bias (Meagher,
2009; Tuyttens et al,, 2014) and range of scale. Currently, there is no
uniform definition or scoring system for bruised poultry carcasses in
German meat inspection (Koch, 2016). Therefore, different
examiners can gather different results when recording findings at
the slaughter line (Hoischen-Taubner et al,, 2011; Steinmann, 2018).
However, the detection and characterization of bruises at the
slaughter line may enable observers to attribute the injury to the
production stage where it initially occurred, thereby allowing the
implementation of precise measures to address its causes (Cockram
and Dulal, 2018; EFSA, 2019).

Bruising is a trauma-induced injury (Barbut et al, 1990)
without skin laceration (Northcutt et al.,, 2000) and extravasation
of blood in the surrounding tissue (Langlois, 2007; Kostadinova-
Petrova et al., 2017). The color change of bruises from red to violet,
followed by shades of green and yellow due to degradation of
hemoglobin, allows a rough chronological determination of the
trauma event in poultry (Hamdy et al., 1961; Northcutt et al., 2000).
However, perception of color is not only influenced by the
subjective bias of observers but also by the age of the observer,
external factors such as illumination, and the inconsistent color
development of bruises (Stephenson and Bialas, 1996; Hughes et al.,
2004, 2006; Grossman et al., 2011). Studies investigating the color
description of bruising in humans in order to estimate its age have
demonstrated low levels of agreement between observers (Munang
et al., 2002; Bariciak et al., 2003; Pilling et al., 2010). Investigations
on the reliability of a protocol for the evaluation of bruises in beef
carcasses by Strappini et al (Strappini et al., 2012). showed low
inter-observer agreement as well. Some studies suggest combining
different parameters of the injury characteristics such as location,
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type, and age to draw conclusions regarding possible causes
(Cockram and Dulal, 2018; Valkova et al., 2021). Therefore, it is
necessary to objectify assessment methods in order to increase their
reliability and thus, to use bruises as a suitable indicator.

The present study contributes to the ongoing debate by testing a
developed scoring system at the slaughter line, on photographs, and
on removed carcasses from the slaughter line. The findings of two
observers were tested for agreement regarding bruise characteristics
and the number of detected bruises. In order to evaluate the scoring
scheme, the results of each parameter were additionally compared
to data obtained with a more objective method. This involved
comparing the numbers of observed bruises at the slaughter line
and their localization to findings from photographs and scoring
values for size and color to measurements. The objective of
developing a scoring system for the systematic recording of
bruises in turkeys at the slaughterhouse and determining the
inter-observer reliability is to contribute to the development and
implementation of a uniform and comparable survey method.

2 Materials and methods

Data were collected between September 2022 and March 2023
at a commercial turkey abattoir in Germany. Two observers
evaluated bruises on turkey carcasses with a developed scoring
system at the slaughter line, in photographs, and on carcasses
removed from the slaughter line. The two observers were
veterinarians, with one having over 20 years of experience in
meat grading and the other a relatively inexperienced
professional. Prior to the assessments, the observers underwent a
brief training on the protocol and its scoring values via photographs
and conducted a joint observation at the slaughter line. The training
did not include a statistical test of observer agreement. The same
two observers performed all observations during the trial.

2.1 Visual scoring system

The scoring system was developed based on literature research
(Hamdy et al,, 1961; Northcutt et al., 2000; Prescott et al., 2000;
Krautwald-Junghans and Felhaber, 2009; Allain et al., 2013). Only
bruises equal to or greater than 1 cm in diameter (measured at the
largest extension) and bruises that were visible to the observers on
the ventral side of the carcass were scored. Each detected bruise was
assessed regarding the following parameters: location (limited to
breast, wings, and legs); size classified as small (1 - 3 cm), medium
(3 - 5cm), or large (> 5 cm); and the color of the bruise, being either
red, violet, green-violet, green-yellow, or yellow-orange based on
Hamdy et al. (Hamdy et al., 1961) and Northcutt et al. (Northcutt
et al., 2000) (Figure 1).

In general, the same scoring system was used for the visual
assessment of bruises at the slaughter line, in photographs, and on
removed carcasses.
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FIGURE 1

Scoring examples of bruised turkey carcasses (A) Large, red bruise on a breast; (B) Small, violet bruise on a breast; (C) Medium, green-violet bruise
on a wing; (D) Large, green-yellow bruise on a leg; (E) Large, yellow-orange bruise on a leg.

2.2 Assessment at the slaughter line

Data were obtained from 20 randomly selected flocks at the
slaughter line. Flock size differed between 1,400 and 10,000 birds and
was on average 5,301 birds. In total, 10% of the birds of each flock
(mean 530 birds) were sampled using the described scoring system.
Of the 20 flocks, 10 male (average age: 20 weeks of life), six female
(average age: 15 weeks of life), and four female breeder (average age:
60 weeks of life) flocks were evaluated. The turkey carcasses were
assessed by the two observers after plucking and before evisceration.
The scoring was carried out simultaneously but independently by the
two observers. A grand total of 10,880 carcasses were examined at the
slaughter line, with the slaughter line speed and thus, time for
sampling, varying between 0.9 to 1.2 birds per second. As the
carcasses were not individually marked, observer agreement was
determined by the number of observed bruises and their
characteristics per flock. A flock was defined as a group of turkeys
that were housed together, raised in identical conditions, and
depopulated and slaughtered at the same time (Allain et al,, 2013).

2.3 Assessment via photographs

Standardized photographs of the ventral side of the carcasses
were taken from 18 of the 20 flocks observed at the slaughter line
with a Nikon Z7 camera (Melville, New York, USA). Independent
of the observations at the slaughter line, 10% of the carcasses of each
flock were randomly sampled (in total 8,690 carcasses) and later
scored by one observer using the described scoring method. This
was done to compare direct observations at the slaughter line with
findings from the photographs, as the short observation time at the
running slaughter line is often cited as a limiting factor in the
evaluation of carcasses (Strappini et al., 2012; T6érmi et al., 2021).

Additionally, 513 photographed turkey carcasses were
randomly selected from the pool of photographs. The carcasses
were numbered and independently examined by the two observers
without any time limit. All documented bruises were measured
(cm) using ImageJ Software 1.51j8 (National Institutes of Health,
USA). For reference purposes, each carcass was photographed while

Frontiers in Animal Science

hanging on its shackle with a standardized width of 19.5 cm.
Measurements were taken at the largest diameter of the bruise
and were repeated three times by the same observer. Mean values
were used for further analysis.

2.4 Assessment of retained carcasses

Randomly selected bruised carcasses were removed from the
slaughter line and retained for further and detailed inspection. In
total, 255 bruises were scored by the two observers using the visual
scoring scheme. Furthermore, the color of each bruise was
measured using a Minolta Chroma-meter® CR-400 (Osaka,
Japan) Colorimeter. The Commission Internationale de ’Eclairage
L*a*b* (CIE-L*a*b*) color space was selected, where the amount of
white (L* = 100), black (L* = 0), red (+ a*) green (-a*), yellow (+ b*),
and blue (- b*) is visualized and measured on three axes. Each bruise
was measured at two different locations/sites: the center of the
bruise and the margin of the bruise (0.5 cm into the visible bruise).
Each measurement was recorded as the mean of three scans. The
colorimeter was calibrated before measuring each bruise using a
white calibration plate.

2.5 Statistical analysis

Inter-observer reliability between the two observers at the
slaughter line was analyzed using the intra-class correlation
coefficient (ICC) (3, 1) (Shrout and Fleiss, 1979) for metric data.
Statistical analysis was performed using 1BM® SPSS® Statistic
Version: 28.0.1.0 (142) (IBM Corp, Armonk, New York, USA).
The data were assessed for inter-observer reliability regarding the
total number of observed bruises and the number of bruises
according to location (breast, wings, and legs), size (small,
medium, and large), and color.

To compare the findings from the slaughter line with the
photographs, the ICC (3,1) was calculated between the observers
and the number of bruises scored from the photographs.

The strength of agreement for ICC was evaluated according to
Koo and Li (Koo and Li, 2016) as follows: Values less than 0.5
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indicate poor reliability, values between 0.5 and 0.75 indicate
moderate reliability, values between 0.75 and 0.9 indicate good
reliability, and values greater than 0.90 indicate excellent reliability.

In order to evaluate the observer agreement regarding the bruise
characteristics (ordinal variables) from photographs, weighted
kappa (Kw) (Cohen, 1968) was calculated and statistical analysis
was performed using SAS Version 9.4 (SAS Institute Inc., Cary,
North Carolina, USA).

For the variable “observed bruises”, all 513 carcasses were

» o«

considered. For the bruise characteristics “location”, “size”, and
“color”, only bruises identified by both observers were evaluated
(n = 124 bruises). A comparison of the results of visual scoring of
size and measured bruise size was performed descriptively.

The strength of agreement for Kw was evaluated according to
Landis and Koch (Landis and Koch, 1977). Values less than 0.0
indicate poor reliability, values between 0.0 and 0.2 indicate slight
reliability, values between 0.21 and 0.4 indicate fair reliability, values
between 0.41 and 0.6 indicate moderate reliability, values between
0.61 and 0.8 indicate substantial reliability, and values greater than
0.81 indicate almost perfect reliability.

A comparison of the scored colors and the measured color data
(center and edge) between the observers for the retained carcasses
was performed descriptively. Significant differences per observer
were calculated using the paired t-test (level of significance: 0.05).

3 Results
3.1 Slaughter line

Each flock had an average of 530 carcasses evaluated (n = 20
flocks). The average number of scored bruises per flock was 69.3
(SD: 26.35) for Observer (OB) 1 and 46.9 (SD: 19.82) for OB 2,
respectively (Table 1). Most of the observed bruises were located on
the breasts and wings of the carcasses. Observers 1 and 2 detected an
average of 9.6 (SD: 7.29) and 6.5 (SD: 4.87) large bruises per flock,
respectively. However, both observers identified a considerably
higher number of medium and small size bruises (Table 1).
Observer 1 characterized the majority of the bruises as violet in
color (51.5; SD: 21.76), whereas most of the bruises were
characterized as red by OB 2 (41.8; SD: 20.18).

The ICC for the total number of observed bruises (ICC = 0.81)
and location of the bruises (ICC range: 0.81- 0.88) showed a “good”
agreement between the two raters. The ICC for the bruise
characteristic “size” ranged between “moderate” agreement for the
number of detected medium (ICC = 0.70) and large (ICC = 0.51)
bruises and “good” agreement for the number of small bruises (ICC =
0.84). Regarding “color”, the agreement between observers was
“poor” (ICC range: 0.04 - 0.45) except for green-violet bruises,
where the agreement was “moderate” (ICC = 0.64).

For OB 1, the level of agreement between the assessment at the
slaughter line and evaluation based on photographs was “good” for
the total number of bruises (ICC = 0.82) as well as the number of
scored bruises on breasts (ICC = 0.89) and wings (ICC = 0.77)
(Table 2), whereas agreement on the number of bruises on legs was
“moderate”. For OB 2, the ICC between the slaughter line and
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photographs was “moderate” for the total number of bruises (ICC =
0.62) and the number of bruises on wings (ICC = 0.73) and legs
(ICC = 0.56), whereas a “good” agreement was found for the
number of observed bruises on breasts (ICC = 0.77).

3.2 Photographs

Weighted kappa values for characteristics of observed bruises from
photographs are shown in Table 3. The highest agreement between the
observers was found for the location of the bruises (Kw = 0.98). The
color of the bruises was the variable with the lowest agreement (Kw =
0.36). The size of the bruises showed “moderate” reliability estimates
between the observers (Kw = 0.45). The mean measured size of the
scored bruises was 6.2 cm (median = 4.5 cm, min = 0.8 cm, max = 41.6
cm). Bruises between 1 and 3 c¢m (score 1, small) were all, except for
one bruise, scored correctly by both observers (Table 4). Bruises
between 3 and 5 cm (score 2, medium) were mostly evaluated as
small (OB 1: 32 of 51 bruises; OB 2: 28 of 39 bruises). Using the visual
scoring system, OB 1 classified 53 bruises as large, whereas 76 out of
171 bruises were verified as large (> 5 cm) after measurement. Observer
2 visually assessed only 13 of the 68 bruises that were larger than 5 cm
correctly as score 3. In comparison with the measured values, OB 1
correctly estimated 69.7% and OB 2 19.1% of the bruises (recorded by
at least one observer) in terms of size respectively.

3.3 Retained carcasses

The level of agreement between observers regarding the color of
bruises on the carcasses removed from the slaughter line was
“substantial” (Kw = 0.73, 95% CI [0.68, 0.78]). Characteristics
(color data in L*a*b*- values) for each observer’s visually scored
colors are given in Table 5. Mean values for measured red (+a) were
highest in “red” (OB 1: 16.8; OB 2: 11.7) and “violet” (OB 1: 6.6; OB
2: 8.9), whereas values for measured green (a-) were highest in
“green-yellow” (OB 1: -3.5; OB 2: -2.2). The highest +b values
representing yellow were found in “yellow-orange” (OB 1: 14.8; OB
2:15.3) and “green-yellow” (OB 1: 13.6; OB 2: 11.7), whereas values
for measured blue (b-) were highest in “violet” characterized
bruises. Significant differences were found between the measured
color values of the scored colors by the observers in the same color
categories for all colors except green-violet (Table 5).

4 Discussion

Traumatic injuries, such as bruises, have been considered an
indicator to assess animal welfare (Grilli et al., 2015; Huneau-Salaiin
et al,, 2015; EFSA, 2019; Valkova et al,, 2021) A reliable scoring
protocol for carcass evaluation is required to obtain significant and
comparable results. The objective of this study was to determine the
inter-observer reliability of bruise characteristics at the slaughter
line and compare the findings with measurements of bruises and
photographed carcasses.
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TABLE 1 Descriptive statistics (mean, standard deviation (SD), minimum (Min), maximum (Max)), with the level of agreement (intra-class correlation
coefficient (ICC)) and 95% confidence intervals at the slaughter line by the pair of observers for the total number of observed bruises (total); the
number of bruises on breasts, wings, and legs; the number of small (1- 3 cm), medium (3- 5 cm), and large (> 5 cm) bruises; and the number of bruises
with the color red, violet, green-violet, green-yellow, and yellow-orange; n = 20 turkey flocks (10,880 carcasses).

Variable Observer Mean (SD) Max ICC (95% Cl) Strength
of agreement

69.3 (26.35) 30 120

Total 0.81 (0.51-0.92) Good
46.9 (19.82) 18 88
25.8 (20.01) 3 76

Breast 0.82 (0.55-0.93) Good
17.7 (13.15) 0 38
25.0 (13.62) 0 50

Wings 0.81 (0.51-0.92) Good
22.9 (13.92) 2 50
8.6 (8.95) 0 33

Legs 0.88 (0.69-0.95) Good
6.3 (12.87) 0 45
30.3 (13.96) 2 58

Small 0.84 (0.58-0.94) Good
28.0 (13.42) 7 54
29.5 (14.19) 6 68

Medium 0.70 (0.23-0.88) Moderate
12.4 (7.65) 1 29
9.6 (7.29) 1 25

Large 0.51 (0.25-0.80) Moderate
6.5 (4.87) 0 18
7.4 (5.25) 2 23

Red 0.13 (-1.85-0.55) Poor
41.8 (20.18) 12 86
51.5 (21.76) 14 102

Violet 0.04 (-1.43-0.62) Poor
1.0 (1.61) 0 7
3.4 (2.96) 0 9

Green- violet 0.64 (0.10-0.86) Moderate
1.2 (2.04) 0 8
5.6 (5.29) 0 20

Green- yellow 0.42 (-0.47-0.77) Poor
2.6 (2.30) 0 8
1.4 (2.23) 0 10

Yellow-orange 0.45 (-0.4-0.78) Poor
0.4 (0.75) 0 2

4.1 Total number of detected bruises

An increase in the number of bruises in a flock may be an
indication of an animal welfare problem that should be investigated
(Krautwald-Junghans and Felhaber, 2009; Grandin, 2017). In order

to assess the actual impact on animal welfare, good inter-observer

reliability in detecting bruises at the slaughter line is required
(Strappini et al., 2012; Grandin, 2017).
The agreement between the observers on the total number of

recorded bruises at the moving slaughter line was “good” (ICC=

TABLE 2 Descriptive statistics for the total number of observed bruises (total) and the number of bruises on breasts, wings, and legs from
photographs with the level of agreement (ICC) with each observer’s findings at the slaughter line; n = 18 flocks (8,690 carcasses).

Variable

Mean (SD)

ICC (95% Cl)

Observer 1

Observer 2

Total 110.3 (49.98) 36 221 0.82 (0.51-0.93) 0.62 (-0.01-0-86)
Breast 415 (26.83) 4 87 0.89 (0.72-0.96) 0.77 (0.40-0.92)
Wings 483 (26.75) 7 106 0.77 (0.38-0.91) 0.73 (0.28-0.90)
Legs 20.5 (9.04) 9 47 053 (-0.25-0.83) 0.56 (-0.18-0.83)
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TABLE 3 Weighted kappa (K,,) values for observed bruises (Score: 0 = no
detected bruise, 1 = one detected bruise, 2 = > 1 detected bruises per
carcass) and bruise characteristics: location (Score 1 = breast, 2 = wing, 3
= leg), size (Score 1= small (1-3 cm), 2 = medium (3-5cm), 3 = large
(>5cm)), and color (Score 1= red, 2= violet, 3=violet-green, 4= green-
yellow, 5=yellow-orange) as scored by the two observers

from photographs.

Variable Kw (95% Cl) Strength

of agreement
Substantial

Observed bruises 0.75 (0.66 - 0.78)

Location 0.98 (0.95 - 1.00) Almost perfect
Color 0.36 (0.25 - 0.48) Fair
Size 0.45 (0.34 - 0.55) Moderate

n = 513 turkey carcasses, n=124 bruises.

0.81). In comparison with the photographs, the level of agreement
between OB 1 at the slaughter line and evaluation from
photographs was “good” (ICC= 0.82) for the total number of
bruises, while OB 2 showed only “moderate” (ICC= 0.62)
agreement with photographic evaluation. Considering the mean
values of observed bruises, OB 2 missed noticeably more bruises at
the slaughter line than OB 1 (OB 1: @ 69.3 bruises/flock; OB 2: @
46.9 bruises/flock; photographs: @ 110.28 bruises/flock). Therefore,
both the observer and the data source influence the prevalence.
Strappini et al (Strappini et al., 2012). relates the variation between
examiners to the speed of the slaughter line, the difficulty of scoring
while the carcass is moving, and the observer’s respective
experience. In our study, however, the greater experience of
Observer 2 was not found to be associated with an enhanced
ability to detect bruises at the slaughter line. Regular training and
observer calibration could therefore be beneficial for both newly
trained and experienced meat graders.

Contrary to our expectations, the inter-observer reliability of
the total number of recorded bruises from photographs was slightly
lower with “substantial” agreement than that at the slaughter line,
even though there was no time limit during the assessment. The age
of the observers can also be an influencing factor in the detection of
bruises. Dos Reis et al (Dos Reis et al., 2020). showed a decreased

10.3389/fanim.2024.1451488

capacity to evaluate radiographic images when visual acuity is
reduced. A decline in vision leads to a reduced ability to detect
anatomical and contrast differences. Age-related decline in visual
performance is a result of normal aging (Andersen, 2012) and may
have influenced the ability to detect smaller and/or faint bruises in
the photographs of the current study. In contrast, Pilling et al
(Pilling et al., 2010). reported no effect of observer age on
performance in the visual assessment of bruises.

4.2 Location

The number of bruises on breasts, wings, and legs (ICC range:
0.81 - 0.88) showed “good” agreement between the two raters at the
slaughter line. The level of agreement between observers and
evaluation using photographs also showed “good” (ICC OB 1: 0.89;
OB 2: 0.77) estimates for breast bruises but only “moderate” (ICC OB
1: 0.53; OB 2: 0.56) values for leg bruises. This indicates that good
inter-observer agreement is no guarantee for correct data, as
observers may be biased in the same direction (Tuyttens et al,
2014). The number of bruises on the wings showed “good”
agreement between OB 1 and photographs (ICC = 0.77) and
“moderate” reliability for OB 2 (ICC = 0.73). The visibility of
certain carcass regions probably had an influence on the results.
Due to the tightly packed slaughter line, the wings of the birds overlap
and often only one wing or only parts of the wings were visible to the
examiner. Bruises on the ventral base of the wings were generally
difficult to detect when inspected from the front. The position of the
inspectors in relation to the carcass may also play a role. In this study,
the breast region was at the height of the observer, while inspecting
the legs and wings created an angle (legs upwards and the wings
slightly downwards). On average, most bruises were observed on the
breast (OB 1: @ 25.8 bruises/flock; OB 2: @ 17.7 bruises/flock) and the
wings (OB 1: @ 25.0 bruises/flock; OB 2: @ 22.9 bruises/flock) and
fewer on the legs (OB 1: @ 8.6 bruises/flock; OB 2: 6.3 bruises/flock).
Expectation bias can influence subjective scoring methods as a result
of different experiences and predispositions (Foddai et al., 2012;
Tuyttens et al, 2014). Thus, the experience presumably led to an

TABLE 4 Measured size (in score values) of visually classified bruises from photographs.

Visual score Observer Measured score
2 (3-5cm) 3 (>5cm)
2 26 28 18 72
2 1 0 18 17 35
2 1 10 37 48
3 1 0 1 53 54
2 0 1 13 14
total 1 44 51 76 171
2 27 39 68 134

Observer 1, n= 171 bruises; Observer 2, n= 134 bruises.
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TABLE 5 Descriptive statistics for measured bruise color data in Lab-values (white (L* = 100), black (L* = 0), red (+ a*), green (-a*), yellow (+ b*), and

blue (- b*)) of each observer’'s (OB) visually scored bruise colors.

Mean (SD)

a

Red 1 56.4% (9.04) | 16.8° (6.86) = 4.4° (4.80) 354 05 -10.2 74.0 323 124
2 57.8%(8.99) | 11.7°(8.15) | 04°(651) 363 0.6 -12.5 73.0 30.0 12.4

Violet 1 595 (9.78) | 6.6* (5.62) 32 (5.24) | 278 2.1 -12.5 745 252 9.1
2 58.6° 89" (7.38)  -0.7°(6.06)  27.8 2.1 -12.5 74.6 323 11.9

(10.52)

Green-Violet 1 553 (8.18) | 0.9° (5.83) 8.1* (6.19) 353 -14.0 -10.1 75.9 18.4 23.1
2 559" (8.11) | 1.7° (5.60) 6.9" (7.62) 353 -10.8 -11.7 71.0 18.4 23.1

Green-Yellow 1 62.1° (7.78) | -3.5%(3.94) | 13.6"(5.63) @ 39.0 -13.0 -11.7 77.1 53 25.8
2 61.6°(833) | -22°(5.16) | 117°(5.71)  39.0 -14.0 5.0 81.0 122 25.8

Yellow-Orange 1 69.4* (5.13) | 2.5%(3,03) 14.8% (6,36)  50.9 5.1 1.2 81.0 10.9 327
2 67.2° (7.03) | 15" (3.59) 15.3* (6.88)  43.5 -8.6 5.9 80.4 10.9 327

b Different letters in the same column of each color indicate significant differences (p < 0.05; paired t-test).
Red: OB1 n=67, OB2 n=77; violet: OB1 n=135, OB2 n=123; green-violet: OB1 n=118, OB2 n=80; green-yellow: OB1 n=104, OB2 n=142; yellow-orange: OB1 n=82, OB2; n=84 measurements.

expectation to find bruises on these anatomical sites. Given the speed
of the line and the angle of vision, it is likely that the legs were
unconsciously not examined as intensely as the other two
localizations. This assumption is also supported by the “almost
perfect” (Kw= 0.98) observer agreement on the location of bruises
when scored without a time restriction using the photographs. In
contrast to our study, Strappini et al (Strappini et al., 2012). found
only a “slight” agreement (ICC = 0.35) on the number of bruises
scored per site between observers at the slaughter line. However, a
higher number of anatomical sites was evaluated on the beef carcasses
(butt, rump-loin, ribs, forequarter, back, pin, and hip) which might
have made it more difficult to clearly differentiate between body
regions and influenced the variation between examiners.

4.3 Size

The size of a bruise is influenced by the severity and type of
trauma and the affected tissue structure (Taylor and Helbacka,
1968; Kranen et al., 2000). The ICC for size ranged between
“moderate” agreement for the number of medium (ICC = 0.70)
and large (ICC = 0.51) bruises and “good” agreement for the
number of small bruises (ICC = 0.84) observed at the slaughter
line. Observation using photographs without a time limit did not
improve inter-observer agreement (“moderate”, Kw= 0.45).
Strappini et al (Strappini et al., 2012). also reported a “moderate”
agreement (K=0.43 - 0.56) for the size of bruises, with “size” being
the variable with the highest agreement between observers in their
study. The measured size of visually classified bruises showed that
the majority of small bruises were correctly scored as small. OB 2 in
particular underestimated the medium and large bruises in size
(Table 4), correctly estimating the size of only 19.1% of the bruises
(compared to 69.7% for OB 1). The differing abilities of observers to
estimate bruise sizes may potentially influence recorded prevalence,
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especially if the protocols only include bruises that are at least a
certain size. The median of all scored bruises was 4.5 cm (min 0.84
cm, max 41.55 cm), which suggests that scoring values for size
(small: 1 - 3 cm, medium: 3 - 5 cm, large: > 5 cm) largely coincided
with the actual measured values. In order to increase the observer
agreement and to identify size differences, the size ranges of the
individual scoring values could be extended (in cm).

4.4 Color

The enzymatic degradation of extravascular hemoglobin results
in a discoloration of the skin and may help date bruises (Hamdy
et al., 1961; Northcutt et al, 2000). At the slaughter line, the
agreement for color between observers was “poor” (ICC range:
0.04 - 0.45) except for green-violet where the agreement was
“moderate” (ICC = 0.64). The lowest value with almost no
agreement between examiners was found for “red” (ICC = 0.13)
and “violet” (ICC = 0.04). The mean values of the detected red and
violet bruises for both observers showed distinct differences in the
distribution between the colors. Observer 1 assigned an average of
only 7.4 bruises per flock to red, whereas OB 2 found an average of
41.8 red bruises per flock. However, OB 1 scored 51.5 bruises per
flock as violet and OB 2 only 1.0. The differentiation within a color
(e.g., red and violet) might be much more difficult than between two
contrasting colors (e.g., red and green) and may not be feasible at
the slaughter line for observers (Knock and Carroll, 2019).
However, regarding the genesis of the bruises, the distinction
between (bright) red and dark red/violet can make a time
difference of up to 24 hours. Red (bright) bruises indicate a
trauma that occurred approximately 2 minutes to 12 hours ago
whereas dark red/violet bruises indicate a trauma that occurred
between 12 and 24 hours ago (Hamdy et al., 1961; Northcutt et al.,
2000). As Cockram and Dulal (Cockram and Dulal, 2018) pointed
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out, there is potential for injury during each stage of poultry
production, especially while handling/catching the birds for
transportation or pre-slaughter handling and stunning (Nijdam
et al., 2005; Delezie et al., 2006; Kittelsen et al., 2015; Langkabel
et al., 2015; Jacobs et al., 2017b; Monch et al., 2020; Gerritzen et al.,
2022). Typically, in Germany, those stages would all be carried out
within 24 hours. Therefore, the sole assignment of the bruises to the
combined color red/violet cannot rule out any production step as
the cause of the injuries. In addition, Strappini et al (Strappini et al.,
2012). only used three scores for the color of the bruises (red, bluish
or dark colored, and yellow-orange) and still achieved only “slight”
(k = 0.16) to “fair” (k = 0.39) agreement between observers.

Color measurements of each rater’s scored colors showed a
significant difference between the same color categories, except for
“green- violet” which also had the highest observer agreement at the
slaughter line. Observer 1 tended to categorize bruises as “red” that
had a higher red (+a*) and yellow (+b*) value than OB 2.
Furthermore, bruises rated as “violet” by OB 1 had a significantly
higher blue (-b*) and a lower red (+a*) value than those of OB 2.
Thus, the measurements indicate that Observer 2 tended to
categorize most of the violet bruises as red. The bruises in the
green-yellow color category were significantly greener (-a*) and
more yellow (+b*) for OB 1 than for OB 2. Measurements of the
bruises scored as yellow-orange showed no significant difference in
the yellow axes (+b*) between the observers, suggesting a good
ability to detect yellow. Studies on inter-observer variability and
accuracy of visual assessment of bruises in forensic medicine also
showed low reliability and subjective color perception (Munang
et al., 2002; Bariciak et al., 2003; Hughes et al., 2004; Pilling et al.,
2010). Munang et al (Munang et al., 2002). reported a large degree
of variation in how different observers described the color of a
bruise. Additionally, when comparing each observer’s color
descriptions of the same bruises in vivo and from photographs,
only 31% of comparisons were in complete agreement. Pilling et al
(Pilling et al., 2010). evaluated the accuracy of bruise age estimates
by forensic experts based on visual assessment and found
considerable inter- and intra-observer variability as well. The
study of Hughes et al (Hughes et al., 2004). revealed variability in
the perception threshold for yellow and a decline in the ability to
perceive this color in a bruise with age. Overall, the authors of these
studies concluded that age estimates of bruises based only on visual
assessment of color are rather unreliable.

When scoring bruises from photographs, the color of the
bruises again showed the lowest agreement (“fair” Kw = 0.36) of
all the observed characteristics. The direct inspection of the bruised
carcasses removed from the slaughter line noticeably increased the
observer agreement for color to a “substantial” agreement (Kw =
0.73). This could highlight the influence of limited time at the
slaughter line and reduced perceptibility of bruises in photographs
on observer agreement for color compared to direct examination of
stationary carcasses. A previous study found that age estimation of
bruises based on photographs is less accurate than direct
examination, mentioning unreliable color reproduction and loss
of contours as possible reasons (Pilling et al., 2010).
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Overall, the total number of detected bruises and the location of
bruises showed the highest agreement between observers at the
slaughter line and from photographs, followed by size. When
comparing the slaughter line results of the observers with the findings
from the photographs of the same flocks, the total number and location
of bruises showed “moderate” to “good” agreement for both observers
for the photographs, indicating that they are reliable variables.
Agreement on size was moderate between observers, suggesting
variability in the ability to estimate sizes accurately. In general, the
size tended to be underestimated by both observers. Color was the
variable with the lowest agreement between the observers at the
slaughter line and from photographs. However, in this study, direct
examination of unmoving carcasses significantly increased agreement
on the color of the bruises but might not be feasible at a commercial
level. Further research would be required to investigate whether a
reduction in the number of possible scores (e.g., color), an increase in
the minimum size of the recorded bruises, or a focus on certain
anatomical sites would improve observer agreement. However, this
could reduce the value of the overall assessment of the examinations.
Additionally, it is important to acknowledge that the study was
conducted with only two observers. To ensure the validity of the
results, future studies should include a larger number of observers.
The results of the study provide an initial impression of the inter-
observer reliability of a bruise-scoring protocol for turkey carcasses. In
particular, the study highlights the limiting factors due to the subjective
perception of the observers, most clearly seen in relation to the color of
the bruises. An objective, measurable, and repeatable inspection that is
not influenced by the subjective assessment of the observer and the
conditions on the slaughter line is probably best achieved with the
implementation of a technically standardized method.

5 Conclusion

The applied scoring protocol was not reliable for all analyzed
bruise characteristics. Therefore, further observer training and/or
the implementation of technically standardized methods are needed
in order to improve the quality and validity of the data, thus
enabling conclusions to be drawn regarding the circumstances
under which trauma may have induced the development of a bruise.
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