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AnimAl WelfAre

IntroductIon
The accurate assessment of meat quality requires the con-
sideration of multiple variables that define the charac-
teristics of the specimen.  The definition of meat quality 
must take into consideration the purpose of the product, 
the physical properties of the muscle of origin, the sta-
bility of the significant quality attributes of the product, 
and the desires of the product consumer.  Considering the 
numerous attributes that must be included to accurately 
define meat quality, it is not surprising that a single, all-
encompassing variable that is capable of quantifying meat 
quality has not been discovered.  The likelihood of such a 
discovery does not appear to be logically possible.

much like meat quality, the quality of life for an animal 
cannot be simply defined by a single variable.  A multifac-
torial approach is warranted to ensure the development 
of an appropriate context in which data may be interpret-
ed.  Duncan (1997) described two common schools of 
thought regarding the most important factors that require 
consideration in animal welfare assessment.  The biologi-
cal function school of thought is focused on the assess-
ment of animal welfare through variables that provide 
objective and quantitative data on the physical status of 
the animal.  in place of the measurement of physiologi-
cal function, the second school of thought—the feelings 
school—is concentrated on finding ways to evaluate the 
psychological status of the animal.  Such assessments are 
typically conducted through the collection and interpre-
tation of behavioral data.  Although considerable debate 
over the most important school of thought to follow has 
existed for decades, it is evident that a global interpre-
tation of an animal’s welfare state would best include a 
blend of variables from both schools of thought.

Dawkins (2008) suggested that animal welfare assess-
ment must be carefully considered due to the ambiguity 
of some measures of animal welfare and the difference in 
perceived, natural, and actual states of animal well-being. 
Numerous approaches to defining and assessing animal 
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welfare have been suggested, but few have taken an ap-
proach that is globally robust.  in a review, rushen and de 
Passillé (1992) provided two categorical descriptions of 
existing animal welfare definitions—those that emphasize 
emotional suffering on the part of the animal and those 
that focus on the animal’s long term biological functional-
ity.  These suggested divisions of animal welfare descrip-
tions align with the two schools of thought presented by 
Duncan (1997).        

Dawkins (2008) recommended a two question ap-
proach to animal welfare assessment that focused on 
two important outcomes for the animal: 1) is the animal 
healthy? and 2) Does the animal have what it wants?  The 
simplicity of the two-question approach that Dawkins 
(2008) suggests holds considerable value as it presents an 
opportunity for more consistent understanding between 
animal welfare scientists, farmers, and members of soci-
ety regarding practical animal consideration of multiple 
variables that provide knowledge regarding an animal’s 
welfare state.

AssessIng AnImAl WelfAre
The development of an appropriate methodology for 
animal welfare assessment requires the identification of 
dependent variables that truly contribute to the quan-
tification of an animal’s state of well-being.  The U.K. 
farm Animal Welfare Council (fAWC, 2013) provided a 
description of factors that should be considered during 
animal welfare assessment called the five freedoms.  The 
five freedoms include:

1. freedom from thirst, hunger, and malnutrition.

2. freedom from pain, injury, and disease.

3. freedom from discomfort due to the environment.

4. freedom from fear and distress.

5. freedom to express normal behavior for the 
species.

The process of selecting appropriate variables to quan-
tify the level of fulfillment of each of the Five Freedoms 
requires an assessment of each potential variable to deter-
mine if its inclusion will add to the evaluation process in 
a meaningful way.  
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cAtegorIes of AnImAl WelfAre  
Assessment VArIAbles

Variables that may be assessed to quantify animal wel-
fare may be divided into three major categories: Applied, 
Behavioral, and Technical.  Applied measures of animal 
welfare are quickly performed, low cost, and generally 
visual assessments of attributes that are typically associ-
ated with an animal’s welfare state.  Behavioral assess-
ments are focused on quantification of the occurrence of 
specific activities by a single animal or a group of animals.  
Technical assessments of animal welfare include direct 
measurement of systemic or environmental variables that 
are likely to impact the welfare state of the animal.  A 
robust assessment of animal welfare will incorporate de-
pendent variables that facilitate assessment of each of the 
three categories.  Such an approach will provide context 
for data interpretation.  it is important to remember that 
no single dependent variable is capable of completely 
quantifying the welfare state of an animal. 

Applied Measures of Animal Welfare

The applied measures of animal welfare are commonly 
included in visual assessments of the health and wel-
fare status of an animal.  Such assessments include body 
condition score, lameness or locomotion score, coat and 
feather condition score, and the scoring of the severity 
of wounds and lesions.  The applied measures of animal 
welfare are common components in on-farm animal wel-
fare auditing programs due to the relative low cost of as-
sessment, speed of data collection, and relatively consis-
tent inter-observer reliability.  One of the most common 
applied measures used in animal welfare assessment is 
body condition score.  In U.S. dairy cattle, a five-point 
scale is generally used in which a score of 1 is extremely 
emaciated and a score of 5 is obese.  The scoring system 
that is commonly used in the U.S. is based on the work of 
edmonson et al. (1989).  Although the applied measures 
are very useful for assessment in field conditions, they 
may not always give a clear indication of the welfare state 
of an animal.  As an example, an animal that has a lesser 
body condition score (is thinner) may be in a better state 
of welfare than an animal that displays a normal body 
condition score but is severely lame.  As a result, multiple 
measures of an animal’s welfare state must be considered 
to add context during data interpretation.

Behavioral Measures of Animal Welfare

The assessment of animal behavior is the closest achiev-
able quantification of an animal’s emotional state (Dun-
can, 1997).  The typical approach to animal behavior as-
sessment in food animals involves the video recording of 
groups of animals followed by the conduction of scan or 
interval sampling counts of animals expressing specific 
behaviors over a specific time interval.  Mitlöehner et al. 
(2001) recommended the use of sampling intervals ≤ 15 
min to accurately and precisely quantify the behavior of 

feedlot steers.  Scan sampling is a commonly used tech-
nique in food animal behavior assessment due to the ef-
ficiency of the data collection process and relative fidelity 
of the data to the actual behaviors of the animals under 
observation.  

focal sampling, which involves documentation of all 
behaviors of a single animal, may be extrapolated to larger 
groups of cohort animals.  However, care must be taken to 
assure that the representative animal and observation pe-
riod is truly representative of the larger group (Mitlöehner 
et al., 2001).  Mitlöehner et al. (2001) reported that accu-
rate animal behavior quantification using the focal sam-
pling technique required a few as one animal out of 10 
for common behaviors such as lying, but up to 40% of 
animals to accurately capture the occurrence of less com-
mon behaviors, such as drinking.  focal sampling has be-
come more typical in food animal behavior research with 
the advent of automated data collection systems that are 
capable of recording body positioning.   

The third approach to animal behavior sampling that 
has been employed in food animal welfare assessment is 
time sampling.  Time sampling is a hybrid of scan and 
focal behavior sampling that involves assessing all behav-
iors expressed by a single animal for a limited duration of 
time (i.e. 5 minutes) at a predetermined interval (i.e. every 
15 minutes).  Mitlöehner et al. (2001) concluded that time 
sampling was not an appropriate method to use for the 
quantitation of animal behavior.

newer research has documented the value of automa-
tion in the detection of common animal behaviors, such 
as lying.  Data loggers, with capability of detection of 
changes in position in three dimensions, have become 
common tools to detect changes in the behavioral patterns 
of dairy cattle (ledgerwood et al., 2010).  The data logger 
is temporarily attached to the lower leg of an animal and 
changes in three-dimensional position are recorded by 
the data logger.  ledgerwood et al. (2010) recommended 
data logger sampling intervals ≤ 30 s and data editing to 
remove very short changes between lying and standing 
that were likely indicative of rapid postural changes by the 
animal but not standing.  The process of behavioral data 
collection is time consuming, so the use of automation in 
behavioral assessment will likely continue to grow.

 Behavior assessment is commonly focused on the oc-
currence of abnormal time commitment to uncommon 
behaviors that may be associated with a reduction in ani-
mal welfare.  As an example, the occurrence of stereotypi-
cal behaviors, such as bar biting by gestating sows, has 
been used as a method of assessing an animal’s welfare 
status.  However, a deeper understanding of the cause of 
the stereotypical behavior and the practical importance 
of the behavior is necessary.  Dailey and mcGlone (1997) 
reported that sows of the same genetic line that were 
housed in gestation stalls, outdoors on soil, or outdoors 
on pasture displayed the same amount of time performing 
oral/nasal/facial behaviors, but the available substrates to 
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manipulate varied.  On pasture the substrate was grass, 
on soil the substrate was stones, and the substrate in stalls 
was metal bars.  This example serves to emphasize the 
importance of context in interpreting behavioral data.

Technical Measures of Animal Welfare

The technical measures of animal welfare have been 
commonly applied to scientific data collection due to 
the inherently objective and detailed nature of the vari-
ables.  Technical measures of animal welfare are generally 
focused on changes in internal biochemistry or environ-
mental parameters that can be isolated and quantitatively 
measured.  The Hypothalamo-Pituitary-Adrenal (HPA) 
axis is a focus of technical assessment of an animal’s wel-
fare state.  Plasma cortisol is a commonly used indica-
tor of stress in mammals.  Cortisol is the principle stress 
hormone associated with activation of the hypothalamo-
pituitary-adrenal (HPA) axis.  The half-life of cortisol in 
vivo is relatively short.  Dunlap et al. (1981) reported t1/2 
of cortisol as 32.5 min for suckled and 29.2 min for non-
suckled multiparous Angus beef cows. 

following a stressful stimulus, the cerebral cortex acti-
vates the hypothalamus to produce corticotropin releas-
ing hormone (CrH).  CrH acts directly on the anterior 
pituitary to produce adrenocorticotropin (ACTH), which 
triggers the release of cortisol from the zona fasciculata 
and zona reticularis of the adrenal cortex.  Cortisol con-
centrations in the blood stream are controlled through a 
negative feedback loop on the hypothalamus and ante-
rior pituitary.  This negative feedback inhibits the release 
of CRH and ACTH.  Cortisol serves to mobilize energy 
stores during stressful events through catabolic effects on 
adipose and muscle tissue (Álvarez et al., 2009).  Basal 
cortisol concentrations can be difficult to quantitate due 
to stress response from restraint during blood collection.  
Grandin (1997), in a review of previous studies, reported 
cortisol levels of friesian dairy cattle at baseline and dur-
ing head restraint as 2 ng/ml and 13 ng/ml, respectively.  
In beef cattle, basal cortisol concentrations were signifi-
cantly greater in suckled (19.0 ± 1.3 ng/ml) than in non-
suckled cows (12.9 ± .9 ng/ml) (Dunlap et al., 1981).  This 
may not necessarily indicate a state of psychological stress 
in the dam.  increased cortisol in this circumstance could 
have served to mobilize energy stores in adipose tissue to 
support lactation.  The authors noted no difference in cor-
tisol clearance between lactating and non-lactating cows, 
which suggests that the suckled cows produced greater 
quantities of cortisol (Dunlap et al., 1981).  mean gluco-
corticoid levels were 7.9 ng/ml in yearling Holstein heif-
ers fed a control diet followed by a 72 h fast versus 14.8 
ng/ml in heifers fed a high concentrate diet followed by 
a 72 h fast (mills and Jenny, 1979).  Hourly glucocorti-
coid concentrations in this study ranged from 4.9 ng/ml 
to 22.9 ng/ml in the control group and 6.8 ng/ml to 30 
ng/ml in the high concentrate diet group.  The greatest 
values occurred 72 hours after the beginning of the fasting 
period.  The authors mentioned the possibility of a stress 

artifact in glucocorticoid levels during blood sampling as 
the samples were collected via jugular venipuncture in a 
restraining chute.  

In summary, multiple factors may influence the concen-
tration of circulating hormones and metabolites in blood 
and distress may not be the sole cause.  As a result, techni-
cal measures of animal welfare, while typically more pre-
cise in terms of quantification, must be interpreted with 
additional context, that may be provided by the addition 
of applied and technical measures, within an animal wel-
fare assessment.

formIng A lInk betWeen AnImAl 
WelfAre And meAt scIence

Animal welfare can directly and indirectly impact the 
quality of meat.  in an investigation of the factors necessary 
to consistently produce dark-cutting beef for meat quality 
research, Apple et al. (2005) used castrated male Holstein 
calves as a model to quantify the psychological distress as-
sociated with restraint and segregation.  This study clearly 
demonstrated the interaction of social stress and human 
contact on animal welfare and ultimate meat quality.  The 
investigators exposed calves to 0, 2, 4, or 6 hours of re-
straint and isolation stress directly before slaughter.  The 
ultimate result included significant increases in plasma 
cortisol, glucose, and lactate that began immediately af-
ter the initiation of the restraint and isolation stress and 
continued until the calves were moved to slaughter.  in 
the group of 8 calves that were exposed to restraint and 
isolation stress for 6 hours, 6 of the 8 calves were clas-
sified as dark cutters.  Interestingly, during one block of 
this study, a sudden cooling of the weather prompted the 
students employed on the trial to stay close to, and touch, 
the calves during the restraint and isolation stress.  The 
authors concluded that the two calves that were not clas-
sified as dark cutters were able to cope with the restraint 
stress due to nonthreatening human presence and gentle 
touch, which may have had a calming influence.

A later study attempted to use treadmill exercise to in-
duce the dark cutting condition in Holstein steer calves 
(Apple et al., 2006).  The calves in the study were exer-
cised at speeds of 4 or 8 km/h for 10 or 15 min in a 2 × 
2 factorial design.  Although the calves in this study dis-
played plasma cortisol concentrations that were similar to 
those in the restraint and isolation stress study, the tread-
mill exercise treatments were ineffective in the induction 
of the dark cutting condition.  Although the objective of 
the two aforementioned studies was to identify methods 
of induction of the dark cutting condition for laboratory 
use, the results suggest that the psychological state of the 
animal can impact meat quality.

chAllenges WIth AnImAl WelfAre 
Assessment

rushen and de Passillé (1992) presented a four step pro-
cess for animal welfare assessment that allows identifica-
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tion of challenges associated with the process.  The chal-
lenges suggested by rushen and de Passillé (1992) are still 
relevant in the current climate of increasing consumer 
and political interest in food animal welfare.  The first 
step in the process includes the development of a global 
definition of animal welfare that includes all species in a 
manner that may be used to set societal standards.  The 
authors explained that this step is not solely dictated by 
science, but includes an ethical assessment as well.

The second step in the assessment process requires the 
use of science to define acceptable criteria for the environ-
ments in which the animals are kept and the indicators of 
good welfare.  This step is conducted on a species-by-spe-
cies basis.  The authors stressed the importance of main-
taining consistency between steps 1 and 2, even though 
science is not the sole contributor in step 1.  The third 
step in the process involves that actual performance of 
animal welfare assessment on a specific group of animals 
within the same species.  This step is a predominantly sci-
entific endeavor.  The level of welfare should be measured 
against the standards developed in steps 1 and 2.

The final step in the assessment process involves an 
evaluation of the acceptability of the difference between 
the actual measurements collected and the criteria for 
good welfare that were previously established.  This is a 
process that is not solely scientific in nature.  It requires 
consideration of ethical, economic, political, and legal 
standards as well (rushen and de Passillé, 1992).  Within 
the four step process, the first and fourth steps are likely 
the most difficult due to the consideration of ethics as well 
as legal and political ramifications, which tend to be more 
subjective.  However, the addition of these criteria is nec-
essary and valuable to the animal welfare discussion.

conclusIon
The relationship between animal welfare and meat science 
presents opportunities for additional interdisciplinary dis-
covery regarding food animals.  However, care must be 
taken develop animal welfare assessment methods that pro-
vide appropriate context to accurately understand research 
results.  A blend of relevant and appropriate applied, be-
havioral, and technical measures of animal welfare has the 
potential to add clarity to animal welfare assessments.  The 

impact of an animal’s welfare state on meat product quality 
has been characterized to some extent, but additional op-
portunities exist in this arena.  Additional investigation of 
the relationship between animal welfare and meat quality 
will be a valuable component in the development of in-
formed decisions regarding food animal welfare.
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