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ABSTRACT Cyanosis is a category of condemnation
for poultry, as defined by Agriculture and Agrifood Can-
ada. A retrospective study to examine the seasonal pat-
terns and trends for turkey cyanosis condemnation was
conducted for the years 1987 to 1995 with the use of
condemnation records made available by a single abattoir
in Ontario. Condemnation for cyanosis had a significant
seasonal pattern, with major losses occurring in the colder
months (October to March). A prospective longitudinal
study was conducted during January to March and Octo-
ber to December 1996 in the same abattoir and the 75
turkey farms that contracted to process their birds
through it and all the 913 truckloads of turkeys processed
in these two 3-mo periods. The data from this prospective
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INTRODUCTION

Cyanosis is one of the leading causes of condemnation
of poultry in Canada; however, there are essentially no
reports in the peer-reviewed scientific literature that ex-
amine risk factors for this condition. Hypotheses for its
etiopathogenesis have been put forward by personnel
working in the field, including 1) the dark color may be
one of the symptoms of septicemia-toxemia, 2) the dark
color may be due to the emaciated condition of the car-
cass, and 3) stress, particularly that of transport or temper-
ature extremes, may be a risk factor for cyanosis (Mallia,
1998). There is no published evidence available with
which to accept or refute these hypotheses.

Many workers have linked stress of one type or another
with color changes in meat. Stress factors that stimulate
striated muscle through an adrenergic mechanism or a
contractile mechanism are known to result in dark, firm,
and dry (DFD) meat in mammals (Bendall and Swatland,
1988; Tarrant 1989). It has been noted that meat from
turkeys condemned for cyanosis had DFD traits (Mallia
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study were used for multivariate modeling of the effects
of potential risk factors on the incidence of cyanosis. Risk
factors (at P ≤ 0.05) included bird type (broiler age turkeys,
mature toms, and mature hens compared to toms and
hens), ambient temperature (cold: −9.9 to 0.0 C and very
cold: ≤−10.0 C compared to mild: >0.0 C), clean-out lot
(the last shipped from a poultry house), shipping time
≥8 h, and emaciation (proportion of turkeys in the lot
condemned for insufficient muscle mass). The crate den-
sity was a sparing factor, and an increase in turkey density
during shipping resulted in a lower incidence of cyanosis.
This study suggested that the number of turkeys con-
demned for cyanosis was associated with cold, shipping
stress, and subclinical syndromes.

et al., 1996), therefore risk factors of importance for DFD
in other species may be similar to those for cyanosis in
turkeys. Several reports in the literature suggested that
a DFD-like condition may occur in chickens, and putative
risk factors include temperature extremes, food depriva-
tion (Freeman, 1971; Wood and Richards, 1975), and the
presence of intercurrent disease (Josephson et al, 1949;
Chubb et al., 1964; Kendler and Harry, 1967). Cold stress
due to increased air movement and low ambient tempera-
tures during shipping resulted in the increased use of
glycogen reserves in poultry (Nicol and Saville-Weeks,
1993; Webster et al., 1993). Low glycogen reserves at the
time of slaughter are believed to be the only prerequisite
for the occurrence of DFD (Nielsen, 1981). Risk factors
for DFD in various species have been discussed in several
studies: swine (Bendall and Swatland, 1988), cattle (Tar-
rant, 1989), sheep (Apple et al., 1995), rabbits (Jolley, 1990),
turkeys (Mallia et al. 1996), and chickens (Mallia et al.,
1997).

Stress is a challenging phenomenon to define or assess
in a scientific context, but many aspects of poultry produc-
tion may exert some degree of stress, perhaps sufficient

Abbreviation Key: DFD = dark, firm, and dry; SUMCOND = propor-
tion of carcasses condemned for airsacculitis, cellulitis, peritonitis, septi-
cemia, and synovitis per 10,000 birds.
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in magnitude to contribute to cyanosis, and which vary
enough under natural conditions to allow us an opportu-
nity to elucidate their role. Among the plausible manage-
ment factors that fall into this category are the length of
time that birds are required to remain within crates prior
to slaughter and the ambient temperature on the day
of transport.

Despite the fact that cyanosis is among the most im-
portant of the categories of turkey condemnation at
slaughter in Canada, no published studies have described
the temporal pattern of this condition or its incidence
among the various types of turkeys (toms, hens, and broil-
ers) that are marketed. Given this background, the objec-
tives of this study were to examine the association be-
tween cyanosis and potential risk factors and to examine
the seasonal pattern of cyanosis in turkeys with a substan-
tive data set collected over several years.

MATERIALS AND METHODS

The study population comprised turkeys slaughtered
at a single abattoir in southern Ontario, processing birds
from all over the southern portion of the province and
the state of Michigan. A retrospective study examined
seasonal patterns for cyanosis condemnation during the
years 1987 to 1995 by using condemnation records from
this abattoir. A prospective longitudinal study was con-
ducted during January to March and October to Decem-
ber 1996, collecting data from this abattoir for multivariate
modeling of the effects of potential risk factors on the
incidence of cyanosis.

Data Collection

Carcasses were condemned based on criteria estab-
lished by Agriculture and Agrifood Canada (AAFC). Inci-
dence of condemnation for cyanosis was expressed as the
number of birds condemned per truckload, standardized
to 10,000 turkeys. The various other condemnation cate-
gories were expressed as the proportion condemned per
truckload. Ambient daily temperatures during the study
period were obtained (Weather Office, Environment Can-
ada; http://www.weatheroffice.com). As part of its own
management system, the study abattoir maintained a da-
tabase that identified various factors (Tables 1 and 2), and
information on other potential risk factors were recorded
on a report sheet designed in conjunction with personnel
from the slaughter plant. Several potential levels of ani-
mal aggregation (clustering) were identified: various
numbers of birds were loaded into trucks for transport
to slaughter and truckload was the unit of analysis and
concern. For the purposes of this study, lot, the lowest
level of aggregation of truckloads, was defined as the
group of one or more truckloads of turkeys originating
from the same barn, loaded and shipped to the plant

2Statistical Analysis Systems Inc., Cary, NC.

simultaneously, and processed as one unit; truckloads
within a lot were, therefore, considered to be repeat mea-
surements for the same lot. The next level of aggregation,
flock, was defined as a single placement of turkeys,
housed in one or more poultry houses. A flock may give
rise to multiple lots. Farm was the highest level of aggre-
gation and was defined as one or more flocks on the same
premise and under similar management.

Data Handling and Analysis

Data were initially entered into database files and sub-
sequently converted into SAS2 files for statistical analysis
(SAS Institute, 1997). Nine years of data (1987 to 1995)
were used to examine seasonality, which was formally
measured with the ranks test, a nonparametric ANOVA
procedure (Friedman, 1937; Kendall et al., 1983, Kendall
and Ord, 1990).

The distribution of the data for the multivariate model
fitted the special case of an extremely small binomial
probability (Steel et al., 1997), which, coupled with a large
sample size, was consistent with the Poisson distribution.
A log linear model was built (link function = log) with the
response variable being a count of cyanosis per truckload
using PROC GENMOD. The total number of birds per
truckload was used as the offset variable. A random ef-
fects model was fitted in the PROC VARCOMP with the
Type 1 method and was utilized to establish the relative
proportions of variability of the outcome due to each of
the possible levels of clustering (farm, flock, and lot). The
components of variability due to each of the three possible
levels of clustering were also estimated by fitting the
random effects model (Snedecor and Cochran, 1980) in
PROC MIXED. This procedure suggested that correction
for over-dispersion was most appropriate at the lot level,
achieved by the specification of a scale parameter (Dscale)
in PROC GENMOD to fit the overdispersed Poisson dis-
tribution. The contribution of each main effect in a model
was assessed by the use of the chi-squared statistic and
F-statistic from the Type 3 analysis. The difference in the
scale parameter from unity was used as an indicator of the
goodness of fit of the model (SAS, 1997). For comparative
purposes, two other models were built, one each correct-
ing for aggregation of data at the farm and barn levels,
respectively. This comparison allowed for assessment of
the standard errors of the coefficients for a given variable
by the adjustment for overdispersion in the three models.
The repeated statement (in SAS) was therefore specified
as farm, flock, or lot.

Factors were considered for use in multivariable model-
ing, if significant on screening (univariate analysis) at P
< 0.20. Bird type, suspected a priori to be a confounder,
was forced into the multivariate model. An assessment
of missing values and collinearity (Dohoo et al., 1996) was
also performed. Although collinearity between variables
was fairly low, with r mainly in the 0.20–0.35 range, multi-
collinearity among variables was evident by the lack of
convergence of the model during the iterative process
when running several variables concurrently. If neces-
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TABLE 1. Categorical bird, shipping, and lairage factors examined as potential risk factors
for cyanosis (n = 913 truckloads of turkeys)

Birds condemned per truckload of 10,000 (no.)
Variable description Truckloads
and levels (no.) Mean Minimum Maximum P-value1

Bird type (age)
Broiler (9–10 wk) 203 16 0 579 0.65
Hen (13–14 wk) 194 13 0 694 0.01
Mature tom 9 68 0 301 0.06
Mature hen 46 47 0 750 0
Tom2 (16–21 wk) 460 19 0 833 NA3

Clean-out lot (last lot from barn)
Yes 238 27 0 579 0
No2 616 15 0 833 NA

Shipping time: travel
between farm and plant

Long time ≥8 h 14 55 0 269 0.02
Short time <8 h2 898 18 0 833 NA

Lairage time: wait at plant
prior to slaughter

Long time ≥8 h 406 20 0 833 0.79
Short time <8 h2 506 18 0 750 NA

Tarp (during shipping)
No 478 12 0 278 0
Yes2 375 27 0 833 NA

Shelter doors: closure during
lairage

No 532 9.9 0 301 0.01
Yes2 321 33 0 833 NA

Fans: on during lairage
Yes 51 11 0 278 0.1
No2 803 19 0 833 NA

Temperature: ambient
Very cold ≤−10.0 C 105 36 0 230 0
Cold = −9.9 C to 0.0 C 332 26 0 833 0
Mild ≥+0.1 C2 475 10 0 301 NA

1From univariate Poisson regression, with the number of birds condemned for cyanosis per 10,000 birds as
the outcome.

2Reference level.
3NA = not available.

sary, and if meaningful biologically, variables showing
multicollinearity were grouped together to form a single
summary variable. Otherwise, one or more variables were
excluded from the model—usually those that were the
least biologically plausible.

The remaining significant variables were subjected to
a backward elimination Poisson regression analysis pro-
cedure until only variables with P ≤ 0.05 and the forced
variable (bird type) were left in the model. Biologically
meaningful interaction terms were constructed from sig-
nificant main effects and were offered for inclusion in the
final model.

The relative significance of each factor was expressed
with eβ values. In essence, this value is the equivalent of
the relative risk, assessing each specific factor such as
hen in comparison with its reference unit (tom for this
example). Hence, a 95% confidence interval excluding 1.0
indicated statistical significance at the <0.05 level.

RESULTS

Seasonality

A significant seasonal effect was present in the propor-
tion of carcasses condemned for cyanosis (χ2 = 41.7; 11

d.f.). Additional noteworthy points are 1) the 3 mo with
the highest proportion of condemnations for cyanosis
were within the November to March period for all nine
years; 2) a sudden drop in condemnations in late Septem-
ber to early October, followed by a rapid increase in num-
bers after mid-October; 3) December proportions were
considerably lower than those for January, despite simi-
larities in minimum, maximum, and average monthly
temperatures; and 4) from 1992 to 1995, the 3 mo with
the highest proportions condemned for cyanosis have
consistently been winter months after December.

Variability Within Various Levels
of Bird Aggregation

Most of the variability in the outcome (number of cya-
notic turkeys per truckload) was present at the lot level;
this outcome was evident in the variance components
and mixed model procedures that were used for this
analysis. Lot-level variation, as determined by the vari-
ance component procedure, was relatively more im-
portant in explaining the occurrence of cyanosis (60.2%)
than the barn-level variation (0.0%) or the farm-level vari-
ation (14.1%). The random mixed-model approach used
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to assess the relative proportions of variation resulted in
values of 30.5, 8.9, and 4.1%, respectively, for lot-level,
barn-level, and farm-level variation. Both methods indi-
cated that the largest component of variability was attrib-
utable to the lot level, therefore model interpretation was
conducted at the lot level.

Descriptive Statistics
and Variable Screening

Bird, shipping, temperature, and lairage categorical
risk factors are presented in Table 1 with mean (= variance
for a Poisson distribution) numbers of birds on truckloads
condemned for cyanosis per 10,000 birds processed (the
outcome variable). Similarly, Table 2 shows the continu-
ous risk factors and associated descriptive statistics. The
results of screening for simple association with the out-
come (univariate analysis) are also presented in these
tables.

Variable Selection, Multicollinearity,
and Interaction

Multicollinearity was encountered among several vari-
ables. A number of the condemnation categories were
multicollinear, consequently airsacculitis, cellulitis, peri-
tonitis, septicemia, and synovitis were grouped to form
SUMCOND, the sum of these categories of bacteria-re-
lated condemnations per 10,000 turkeys. Emaciation and
hepatitis were not collinear and were modeled separately.

TABLE 2. Continuous bird, shipping, and lairage factors examined as potential risk factors
for cyanosis (n = 913 truckloads of turkeys)

Birds condemned per truckload
of 10,000 (no.)

Description and categories1 Mean Minimum Maximum P-value2

Airsacculitis: unilateral or bilateral, acute
or chronic inflammation of the air sacs with
spread into the bones 107.4 0 4,372 <0.01

Cellulitis: inflammation of the subcutis 33.8 0 958 <0.01
Cyanosis: dark carcass, no other

condemnable lesion 18.9 0 833 NA
Emaciation: reduced muscle mass,

especially of Pectoralis major; reduced body fat 5.9 0 541 <0.01
Hepatitis: alteration of the liver/no

systemic involvement 16.7 0 426 <0.01
Peritonitis: inflammation of the peritoneal

lining of the coelom 21.9 0 1,750 <0.01
Septicemia-toxaemia: nonspecific

generalized infections or toxic
conditions 15.8 0 435 <0.01

Synovitis: inflammation of the synovial
membranes of the hock and signs of
systemic involvement 3.8 0 164 0.07

Sumcond: summed numbers condemned3 205.2 0 4,758 <0.01
Crate density (number of birds per crate) 11.1 3 20 0.18

1As defined by Herenda and Franco (1996).
2From univariate Poisson regression with the number of birds condemned for cyanosis per 10,000 birds as

the outcome.
3Sum of carcasses on a liner condemned for airsacculitis, cellulitis, peritonitis, septicemia, and synovitis.

Temperature maximum, minimum, and average were
highly correlated, and temperature average was selected.
Temperature average was also highly correlated with
tarping of truckloads, closing of shelter doors, and use
of fans. Although the latter three variables were probably
intervening variables, they were not considered further
because of this high correlation. Lairage time was not
found to be significant by the univariate analysis. The
interaction term ambient temperature × shipping time
was also subsequently modeled once the main effects
were established but was not significant.

Multivariate Models

The final Poisson regression models based on clustering
adjustment at the lot, barn, and farm levels are presented
in Tables 3 to 5, respectively. Because these models are
similar, most of the interpretation is based on Table 3,
whereas important differences in the models that can be
attributed to clustering at the various levels are described
subsequently. Bird type, ambient temperature, number
of birds per crate, clean-out, shipping time, and propor-
tion of carcasses condemned for emaciation per 10,000
were significant factors in the final model. All but one
were associated with increased risk of cyanosis; the num-
ber of birds per bay was negatively associated with the
outcome variable.

On average, a truckload of birds traveling during very
cold or cold ambient temperatures was likely to have a
4.2 (eβ = 4.27) and 2.2 (eβ = 2.24) unit increase, respectively,
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TABLE 3. Poisson regression model for cyanosis clustered by lot1

Variable β SE(β) Z eβ 95% CI for eβ

Constant −6.76 0.3 0 0 0.00, 0.00
Bird type2

Broiler 0.81 0.39 0 2.25 1.05, 4.83
Hen 0.02 0.32 1 1.02 0.54, 1.92
Mature hen 1.03 0.34 0 2.79 1.44, 5.39
Mature tom 1.05 0.51 0 2.86 1.06, 7.75

Ambient temperature3

Very cold 1.45 0.19 0 4.27 2.97, 6.15
Cold 0.81 0.22 0 2.24 1.46, 3.44

Birds per bay −0.09 0.03 0 0.9 0.86, 0.97
Clean out lot 0.68 0.17 0 1.96 1.41, 2.74
Shipping time (≥8 h) 0.66 0.23 0 1.93 1.23, 3.02
Emaciation4 0.01 0 0 1.01 1.01, 1.01

1β = regression coefficient, Z = Z-score from the PROC GENMOD output found in the statistical software
package (SAS, 1997), and CI = confidence interval.

2Reference level (the unit used for comparison) is tom.
3Reference level is mild = +0.1 C or warmer, cold = −9.9 to 0.0 C, and very cold = −10.0 C or colder.
4Proportion of carcasses condemned for emaciation per 10,000 birds.

in the outcome (cyanosis count), compared with a truck-
load traveling at a milder temperature. A truckload with
a shipping time of 8 h or more, on average, had a 1.9 (eβ

= 1.93) unit increase in the outcome than one with a
shipping time of less than 8 h. Truckloads composed of
broilers, mature hens, and mature toms had a unit in-
crease in the outcome, when compared to toms, of 2.3,
2.8, and 2.9, respectively (eβ = 2.25, eβ = 2.79, eβ = 2.86);
truckloads composed of hens did not have a significant
difference in the cyanosis count. On average, a clean-out
truckload had a unit increase of outcome of almost 2.0
when compared to liners with regular turkeys (eβ = 1.96).
Increasing the density of birds on the truckload by the
addition of a single bird per crate resulted in a unit de-
crease in the outcome by 10% (eβ = 0.90). An increase of
one emaciated bird per 10,000 birds processed did not
result in an increase in cyanosis (eβ = 1.01). However, an

TABLE 4. Poisson regression model for cyanosis clustered by flock1

Variable β SE(β) Z eβ 95% CI for eβ

Constant −6.78 0.28 0 0 0.00, 0.00
Bird type2

Broiler 1.03 0.51 0.05 2.8 1.02, 7.65
Hen 0.2 0.28 0.49 1.22 0.70, 2.13
Mature hen 0.7 0.31 0.02 2.02 1.10, 3.70
Mature tom −0.25 1.76 0.89 0.78 0.03, 24.63

Ambient temperature3

Very cold 1.04 0.28 0 2.86 1.64, 4.96
Cold 0.73 0.21 0 2.08 1.38, 4.96

Birds per bay −0.1 0.04 0 0.9 0.84, 0.97
Clean out lot 0.93 0.26 0 2.53 1.52, 4.20
Sumcond4 0 0 0 1 1.00, 1.00
Emaciation5 0.01 0 0 1.01 1.01, 1.01

1β = regression coefficient, Z = Z-score from the PROC GENMOD output found in the statistical software
package (SAS, 1997), and CI = confidence interval.

2Reference level (the unit used for comparison) is tom.
3Reference level is mild = +0.1 C or warmer, cold = −9.9 to 0.0 C, very cold = −10.0 C or colder.
4Proportion of carcasses condemned for airsacculitis, cellulitis, peritonitis, septicemia, and synovitis per 10,000

birds.
5Proportion of carcasses condemned for emaciation per 10,000 birds.

increase of three cyanotic carcasses per 10,000 birds would
be observed for an increase of 100 emaciated birds per
10,000 birds (eβ = 2.72). The variable estimates from the
Poisson regression, clustered by lot, are summarized in
Table 3. The models constructed with aggregation at the
farm and barn levels had similar variables to those dis-
cussed for lot level clustering. The magnitude for the
estimates was also comparable, and the direction of the
estimates was the same for all significant variables. Rela-
tive to the model clustered for lot, that for flock did not
include shipping time, but included SUMCOND; the
model clustered for farm included both these parameters.
An increase of slightly more than two cyanotic carcasses
per 10,000 birds was observed for an increase of 2,000
birds condemned for airsacculitis, cellulitis, peritonitis,
septicemia, or synovitis per 10,000 birds (eβ = 2.23 when
clustered by barn, and eβ = 2.72 when clustered by farm).
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TABLE 5. Poisson regression model for cyanosis clustered by farm1

Variable β SE(β) Z eβ 95% CI for eβ

Constant −7.06 0.37 0 0 0.00, 0.00
Bird type2

Broiler 1.21 0.53 0.02 3.34 1.18, 9.47
Hen 0.26 0.28 0.35 1.3 0.75, 2.27
Mature hen 1.07 0.26 0 2.9 1.74, 4.85
Mature tom 0.82 0.44 0.89 2.27 0.96, 5.37

Ambient temperature3

Very cold 1.14 0.21 0 3.14 2.06, 4.76
Cold 0.85 0.29 0 2.23 1.32, 4.10

Birds per bay −0.08 0.03 0 0.92 0.88, 0.97
Clean out lot 0.73 0.16 0 2.07 1.52, 2.82
Shipping time (≥8 h) 0.87 0.18 0 2.38 1.67, 3.38
Sumcond4 0 0 0 1 1.00, 1.00
Emaciation5 0.01 0 0 1.01 1.01, 1.01

1β = regression coefficient, Z = Z-score from the PROC GENMOD output found in the statistical software
package (SAS, 1997), and CI = confidence interval.

2Reference level (the unit used for comparison) is tom.
3Reference level is mild = +0.1 C or warmer, cold = −9.9 to 0.0 C, and very cold = −10.0 or colder.
4Proportion of carcasses condemned for airsacculitis, cellulitis, peritonitis, septicemia, and synovitis per 10,000

birds.
5Proportion of carcasses condemned for emaciation per 10,000 birds.

DISCUSSION

The observations that cyanosis was more prevalent in
the cold months of the year and that colder ambient tem-
peratures during shipping was a risk factor is consistent
with findings in previous studies in poultry. These studies
have shown that cold stress due to increased air move-
ment and low ambient temperatures during shipping re-
sults in increased use of glycogen reserves (Nicol and
Saville-Weeks, 1993; Webster et al., 1993). The seasonal
pattern of losses for cyanosis observed in the present
study could reflect cold stress among poultry shipped to
slaughter that could predispose them to DFD through an
increased consumption of glycogen reserves. Conversely,
the increased rate of glycolysis observed when birds are
subjected to heat stress during transportation appears to
favor the occurrence of pale, soft, exudative meat (Wood
and Richards, 1975). Modifications of shipping and han-
dling protocols of turkeys in the field could have most
effect if enforced in this time period. Indeed, the relatively
low losses for cyanosis in October and December com-
pared with September and November, respectively, can-
not be explained through climatic factors alone, as
weather patterns for adjacent months are similar. Turkeys
receive a premium price at Thanksgiving (October in Can-
ada) and Christmas; it is possible that additional care
given to flocks of turkeys in these periods, specifically
during their raising or shipping, may account for the
lower numbers of turkeys condemned for cyanosis.

Increased density could be sparing because the birds
are less subject to thermal loss during shipping, lessening
the reliance on energy reserves, such as glycogen, to stay
warm. It is therefore unlikely that low oxygen tension
during shipping is related to cyanosis, contrary to the
assertion that the dark coloring of cyanotic carcasses may
have been the result of overcrowding in poultry crates
(Herenda and Franco, 1996).

Clean-out lots have a higher proportion of birds that
do poorly for a variety of reasons, including disease.
These lots, and also lots of birds with increased numbers
of emaciated turkeys, were associated with the outcome.
It is possible that lots of turkeys with a high proportion
of subclinical disease or poor management conditions are
less well adapted to cope with stressors such as shipping.
Although bird type was forced into the model to control
confounding, it is evident that variations in susceptibility
related to bird type may also reflect differences in the
ability to cope with stress on the basis of sex and age.

A number of the risk factors for cyanosis identified in
this study could exert their effect by increasing stress.
Reports in the literature have shown that longer feed
withdrawal times resulted in lower levels of muscular
and hepatic glycogen in broiler chickens (Kotula and
Wang, 1994, Warris et al., 1988). It has also been shown
in other studies that “resting” poultry after shipping (i.e.,
the lairage time) was found to further exhaust shipped
birds, this outcome being due to the lowering of hepatic
and muscle glycogen stores in broilers (van Hoof, 1979;
Warris et al., 1988, 1990). The stressful environment for
poultry during shipping was shown by increased plasma
corticosterone levels (Freeman et al., 1984; Duncan, 1989).
Stress in chickens raised the ultimate pH of breast muscle
(Wood and Richards, 1975) and in another study resulted
in darker meat than unstressed birds, possibly due to
higher ultimate pH (Walker and Fletcher, 1993). A high
ultimate pH and low glycogen reserves at the time of
slaughter are the only prerequisite for the occurrence of
DFD (Nielsen 1981).

The regression coefficients for emaciation and SUM-
COND were very close to 0 in multivariate models in
part because the scale refers to unit increase of only one
more emaciated bird (or one more condemned bird in
the case of SUMCOND) per 10,000. It was, therefore,
useful to change the scale to 100 emaciated birds per
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10,000 to facilitate interpretation, and when this was done,
the corresponding β coefficient was multiplied by 100 to
yield eb of 2.72. The β coefficient for SUMCOND was
multiplied by 2,000 for similar reasons with an eb of 2.23.
Although statistically significant, the magnitude of the
scale adjustment for SUMCOND suggests that this is not
a major risk factor in a biological sense.

The variables tarp, shelter doors, and fans were not
modeled due to high collinearity with other variables.
Note that these activities are performed on days that are
very cold, and especially if the birds travel a long distance.
One may speculate that if these activities were not en-
acted, truckloads traveling long distances on very cold
days would sustain heavier losses. However, this study
has shown that ambient temperature, crating density, and
shipping time remained significantly associated with the
outcome, which lends credence to the hypothesis that the
dark carcasses that characterize this category of condem-
nation may be due to a stress-related condition. One such
condition is DFD meat, as has been observed in associa-
tion with transport and lairage stress in cattle and swine.
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