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Consumers’ views and concerns about the welfare of farm animals may play an important role in their
decision to consume dairy, meat and/or plants as their primary protein source. As animals are killed pre-
maturely in both dairy and beef industries, it is important to quantify and compare welfare compromises
in these two sectors before the point of death. Seventy world-leading bovine welfare experts based in 23
countries were asked to evaluate the likelihood of a bovine to experience 12 states of potential welfare
concern, inspired by the Welfare Quality� protocol. The evaluation focused on the most common beef
and dairy production systems in the experts’ country and was carried out separately for dairy/beef calves
raised for red meat, dairy/beef calves raised for veal, dairy/beef calves raised as a replacement, and for
dairy/beef cows. The results show experts rated the overall likelihood of a negative welfare state (i.e. wel-
fare risk) to be higher in animals from dairy herds than from beef herds, for all animal categories, regard-
less of whether they were used to produce milk, red meat or veal. These findings suggest that consuming
food products derived from common dairy production systems (dairy or meat) may be more harmful to
the welfare of animals than consuming products derived from common beef production systems (i.e.
from animals solely raised for their meat). Raising awareness about the linkage between dairy and meat
production, and the toll of milk production on the welfare state of animals in the dairy industry, may
encourage a more sustainable and responsible food consumption.
� 2022 The Authors. Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Implications

Abstaining from consuming meat, but not dairy products, is
regarded by many to be a sign of compassion towards animals.
Here, we show that food products derived from the most common
dairy production systems (dairy or meat) are rated by cattle wel-
fare experts as more harmful to the welfare of animals than con-
suming products derived from the most common beef production
systems. With a projected 20% increase in global milk production
by 2029, the highest among all livestock commodities, the toll of
milk production on animals in the dairy industry may require a
thorough revision of our current societal, political and moral
decisions.

Introduction

Abstaining from consuming meat, but not dairy products, is
regarded by many to be a sign of compassion towards animals
(Fox and Ward, 2008; Corrin and Papadopoulos, 2017). Vegans go
a step further and reject the consumption of any animal-based pro-
duct, but few, if any, advocate abstention from dairy while contin-
uing to consume meat. The extent to which an independent
analysis of animal welfare aligns with such consumer choices is
unknown. Importantly, there are substantial reasons to predict a
discrepancy, particularly when considering the role of the dairy
industry in producing meat (Fig. 1A), and the higher degree of
intervention in the lives of animals that are used ‘‘for more than
their meat” (i.e. intervention associated with daily milking of the
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Fig. 1. (A) Diagram showing the origin (dairy/beef herd) and production goals, i.e. the general flow of calves from dairy herds and beef herds to red meat, veal and cow
replacements [inspired by European Food Safety Authority Panel on Animal Health and Welfare (EFSA, 2012a; 2012b)]. Dashed arrows reflect production routes that are not
common to all farms. (B) First principal component reflecting the overall welfare risk (likelihood of 12 welfare concerns, see text) as assessed by the experts as a function of
the different origins and animal production goals. N = Number of experts that reported an assessment on all 12 areas of welfare concern. Boxplots show minimum, lower
quartile, median, upper quartile and maximum values. Black lines: model estimates with 95% upper and lower confidence intervals.
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dams, and the consequent management of their calves). Here, we
obtained an independent assessment of the likelihood that dairy
cattle and beef cattle would experience negative welfare, by sur-
veying a panel of leading cattle welfare experts, each focusing on
the most common beef and dairy production systems in their
country of expertise. The comparison was carried out between
dairy and beef calves when raised directly for their meat (i.e. dairy
and beef calves raised for red meat and for veal, consisting mostly
of male calves), and between dairy and beef cows raised for pro-
ducing calves/milk.

Expert assessments can help to characterise uncertainty and fill
data gaps where traditional scientific research is not possible or
data are not yet accessible or available (EFSA, 2012a; 2012b). Such
assessments have been widely used to review the impacts of hous-
ing, management or other anthropogenic challenges to domestic
[e.g. cattle (Bertocchi et al., 2018); broilers (Bracke et al., 2019)
and canine and felines (Dawson et al., 2016)] and wild animals
(e.g. Nicol et al., 2020), using frameworks such as the Five Domains
(e.g. McGreevy et al., 2018; Nicol et al., 2020), and more recently, in
relation to the United Nations Sustainable Development Goals
(United Nations, 2015; Keeling et al., 2019). The European Food
and Safety Authority (EFSA) commonly uses expert opinion to
inform debates around welfare topics, such as the use of perches
for laying hens (EFSA, 2015), and for assessing welfare risks, such
as those that relate to the farming of sheep for wool, meat and milk
production (EFSA, 2014).

In the next section, we compare experts’ assessment of the
overall likelihood that bovines will experience a negative welfare
state when raised in the most common housing systems in the
dairy and beef sectors, with a focus on Europe and North America.
We predicted that the higher degree of intervention in the lives of
dairy cattle, which stems from the fact that they are used for ‘‘more
than their meat” (i.e. milking them, which affects their manage-
ment and the management of their calves), would result in dairy
cattle being rated by experts as being at a higher welfare risk than
beef cattle.
Material and methods

Data collection

Overall, 130 cattle welfare experts were invited to participate in
our survey based on their 1. Number of publications on the topic of
bovine welfare (peer-reviewed research manuscripts and review
articles) that appear in the Web of Science database, when using
the following keywords: ‘‘Welfare” + ‘‘bovine”/”cattle”/”dairy
cow”/”beef cow”) (selected experts were those with the highest
number of publications) and 2. H-index (minimum of 10). In addi-
tion, we invited further researchers that were recommended to us
by the selected experts. Overall, 83 experts agreed to participate in
the survey, out of which 13 were omitted from the final analysis for
the following reasons: 10 experts did not complete the survey, two
experts felt that they could not provide accurate assessments, and
one expert felt that his degree of expertise was not sufficient. Data
were collected through an online survey built in Qualtrics (Qual-
trics XM PlatformTM, Provo, Utah, USA), between October and
December 2020.

The survey included four parts: (1) Consent including a short
description of the aim of the experiment ‘‘to compare the welfare
of cattle across food production systems”. (2) General instructions.
(3) Characterisation of the common production systems, likelihood
ratings and confidence ratings. (4) Characterisation of experts (as
summarised in Supplementary Table S1).
3

Characterisation of the common production systems
Before providing likelihood ratings, the experts were asked to

describe the most common beef and dairy production systems in
their country of expertise. The characterisation applied to each ani-
mal category separately, using 3–5 fixed criteria (Supplementary
Fig. S1; Supplementary Table S2), to which the experts could
answer: ‘‘yes”, ‘‘partial/part of the time”, ‘‘no”, or ‘‘I don’t know”.

Likelihood rating
The experts were asked to rate the likelihood of 12 statements

on a scale of 1 (very low) to 7 (very high), and to notice that the
statements were built in such a way that the higher the likelihood
ratings are, the higher is the welfare risk for the animal (for illus-
tration, see Supplementary Fig. S1, for the exact questions and rat-
ings, see Table 1). The 12 short welfare statements were inspired
by the Welfare Quality protocol (Welfare Quality� 2009), a well-
established protocol for assessing bovine welfare. The statements
addressed the following core areas of potential welfare concern:
(1) inadequate diet, (2) inadequate water supply, (3) thermal dis-
comfort, (4) resting discomfort, (5) injuries, (6) disease, (7) pain
resulting from management/handling/surgical procedures, (8)
inability to move freely, (9) inability to perform social behaviour,
(10) inability to perform other normal behaviours, (11) experienc-
ing negative affective states, and (12) lack of experiencing positive
affective states (for the order of presentation, see Table 1). Since
management practices were expected to vary between countries
for both beef and dairy sectors (for red meat, veal, replacement,
and cows), animal categories were defined as follows: For red meat
calves and veal, the evaluation period was from birth to slaughter
(or up to 18 months of age). For replacement calves, it was from
birth to first calving. For cows, it was from first calving to slaugh-
ter. In all cases, the evaluation did not include transportation to
slaughter or the process of slaughter itself. To avoid order effects
(where rating one animal origin first (e.g. beef) would affect the
rating of the other (e.g. dairy), we used four complementary ver-
sions of the survey. In all four versions, the presentation of animal
category was fixed: Red meat, replacement calves, cows and veal.
However, the order of presenting the animal origin (beef/dairy)
was counterbalanced (left/right * text colour blue/orange). In each
of the four versions, the text colour and order of presentation in
Fig. 1A were matched accordingly.

Confidence rating
The experts were asked to state their level of confidence in their

likelihood ratings on a 5-point scale (1 star = low confidence to 5
stars = high confidence). Confidence ratings were reported sepa-
rately for each of the animal origins in the four animal categories
(Supplementary Fig. S2, and Table 1).

Data processing

We omitted all answers from respondents who had provided an
incomplete set of answers for a given combination of animal origin
and category. This left the answers of 70 experts (out of 83). In total
1, 3, 34, 25, and seven experts gave complete answers for 3, 4, 6, 7,
and 8 of the eight possible combinations of origin and animal cat-
egory, respectively.

Calculating normally distributed values based on the likelihood ratings
The likelihood ratings were reported on a seven-point Likert-

scale. A Likert-scale has a fixed lower and upper limit and is there-
fore comparable to a proportion. Accordingly, it can be expected
that a logit transformation will lead to normally distributed data
points. Two experts indicated an interval for the Likert-scale rang-



Table 1
Likelihood and confidence ratings for the 12 statements in the four beef and dairy cattle animal categories. Raw data: Mean (SD) and median [min – max].

Animal category

Red meat Replacement calves Cows Veal

Animal origin (herd) Beef Dairy Beef Dairy Beef Dairy Beef Dairy

Q1: Receive inappropriate/inadequate diet (e.g. quantity of feed,
number of feeding bouts, quality of feed, digestibility etc.).

2.4 (1.4) 4.2 (1.9) 2.2 (1.4) 3.4 (1.7) 2.8 (1.3) 2.7 (1.6) 3.5 (2.0) 4.7 (1.9)
2 [1–7] 4 [1–7] 2 [1–7] 3 [1–7] 3 [1–7] 2 [1–7] 4 [1–7] 5 [1–7]

Q2: Have inadequate water supply (e.g. quantity, quality, accessibility,
high competition over access to water).

2.2 (1.3) 2.6 (1.5) 2.0 (1.2) 2.4 (1.5) 2.4 (1.3) 2.3 (1.4) 3.3 (2.3) 3.4 (1.8)
2 [1–7] 2 [1–7] 2 [1–7] 2 [1–7] 2 [1–7] 2 [1–7] 3 [1–7] 4 [1–7]

Q3: Experience discomfort when resting (e.g. when lying down,
standing up etc.).

2.4 (1.6) 3.8 (1.7) 2.1 (1.3) 3.1 (1.5) 2.2 (1.3) 3.7 (1.5) 3.6 (2.3) 4.5 (1.6)
2 [1–7] 4 [1–7] 2 [1–7] 3 [1–7] 2 [1–6] 4 [1–7] 4 [1–7] 5 [1–7]

Q4: Experience thermal discomfort (i.e. being too warm (e.g. heat load)
or too cold).

3.3 (1.4) 3.3 (1.6) 3.0 (1.4) 3.1 (1.4) 3.2 (1.4) 3.3 (1.5) 3.7 (1.6) 3.9 (1.5)
3 [1–7] 3 [1–7] 3 [1–6] 3 [1–6] 3 [1–6] 3 [1–7] 4 [2–6] 4 [1–6]

Q5: Experience restricted movement (e.g. limited ability to move
around freely, e.g. being tied, kept in high stocking density).

2.4 (1.6) 4.3 (1.7) 2.0 (1.3) 3.6 (1.5) 2.0 (1.2) 3.6 (1.7) 3.5 (2.1) 5.0 (1.5)
2 [1–7] 4 [1–7] 2 [1–7] 3 [1–7] 2 [1–7] 4 [1–7] 4 [1–7] 5 [2–7]

Q6: Suffer from injuries (e.g. lameness, skin lesions etc.). 2.6 (1.4) 3.4 (1.5) 2.2 (1.1) 2.9 (1.3) 2.7 (1.3) 4.7 (1.4) 3.0 (1.8) 3.9 (1.5)
2 [1–7] 3 [1–7] 2 [1–7] 3 [1–7] 3 [1–7] 5 [2–7] 3 [1–6] 4 [1–7]

Q7: Suffer from disease 3.1 (1.4) 4.2 (1.6) 2.6 (1.1) 3.6 (1.4) 2.7 (1.1) 4.2 (1.6) 3.8 (1.8) 5.0 (1.4)
3 [1–6] 4 [1–7] 2 [1–7] 4 [1–7] 3 [1–6] 4 [1–7] 4 [2–6] 5 [1–7]

Q8: Suffer from pain induced by management, handling, or surgical
procedures

4.1 (2.0) 4.4 (1.8) 3.2 (1.8) 4.1 (1.9) 2.7 (1.4) 3.4 (1.6) 3.5 (1.8) 3.8 (1.7)
4 [1–7] 4 [1–7] 3 [1–7] 4 [1–7] 2 [1–7] 3 [1–7] 3 [2–7] 3 [1–7]

Q9: Have limited opportunities to express normal, non-harmful, social
behaviours (e.g. limited allo-grooming, limited social play etc.).

2.2 (1.5) 4.0 (1.9) 2.0 (1.2) 3.4 (1.7) 1.9 (1.1) 3.2 (1.4) 3.8 (2.2) 5.0 (1.5)
2 [1–7] 4 [1–7] 2 [1–7] 3 [1–7] 2 [1–6] 3 [1–6] 4 [1–7] 5 [2–7]

Q10: Have limited opportunities to express other normal behaviours
(i.e. limited/restricted from opportunity to forage/graze).

2.7 (1.7) 4.9 (1.7) 1.9 (1.2) 3.9 (1.7) 1.8 (1.2) 3.9 (1.5) 4.1 (2.4) 6.0 (1.3)
2 [1–7] 6 [1–7] 2 [1–6] 4 [1–7] 2 [1–7] 4 [1–7] 4 [1–7] 6 [2–7]

Q11: Experience negative affective states (e.g. fear, distress, frustration
or apathy; due to negative human-animal relationships,
husbandry/management or the environment in which the animal is
kept).

3.0 (1.5) 4.3 (1.7) 2.6 (1.2) 3.4 (1.5) 2.5 (1.3) 3.6 (1.6) 4.2 (2.3) 4.9 (1.7)
3 [1–7] 4 [1–7] 2 [1–7] 3 [1–7] 2 [1–7] 4 [1–7] 4 [1–7] 5 [1–7]

Q12: Have limited opportunities to experience positive emotions (e.g.
limited opportunities to engage in rewarding activities).

2.7 (1.6) 4.5 (1.6) 2.2 (1.3) 3.6 (1.5) 2.2 (1.2) 3.6 (1.4) 3.6 (2.3) 5.1 (1.7)
2 [1–7] 5 [1–7] 2 [1–6] 4 [1–7] 2 [1–6] 4 [1–6] 3 [1–7] 5 [1–7]

Confidence in ratings 3.9 (0.9) 3.8 (0.8) 3.8 (1.1) 4.1 (0.8) 4.0 (1.0) 4.3 (0.7) 3.9 (1.0) 3.8 (1.0)
4 [1–5] 4 [2–5] 4 [1–5] 4 [2–5] 4 [1–5] 4 [2–5] 4 [2–5] 4 [1–5]
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ing one scale point instead of a single number. In these cases, we
used the mid-point of the interval (i.e. the average of the two indi-
cated scale points), which resulted in non-integer scale points at
half the original points. Consequently, the resulting Likert-scale
had 13 scale points: the integers from 1 to 7 and all the midpoints
between the integers (1.5, 2.5, . . .). In a next step, we re-scaled the
13-point Likert-scale to a score on a scale from 0 to 1. We did this
in a way that kept the steps between the points of the Likert-scale
equal and shifted the minimum andmaximum scale points half the
distance between the points away from 0 and 1: proportion =
4/(2 * 13) Likert-scale – 3/(2 * 13) (Supplementary Fig. S3). We then
logit transformed the numbers of this 0–1 scale (‘‘normalised
values”).

The likelihood ratings were dependent on the expert who rated
the likelihood of the 12 welfare statements once for each of the
two origins and for the four animal categories. To account for this
dependency, we calculated the residuals of a mixed model with
expert ID as the sole random effect and the intercept as the fixed
effect using the 12 normalised values as an outcome variable each.
In doing so, we adjusted the average likelihood rating of each
expert to the overall average of all experts. Quantile-quantile plots
of these 12 sets of residuals showed that they were very close to
normally distributed. They thus provided the data for running a
principal component analysis (PCA).

Principal component analysis, 12 animal welfare statements
The PCA on the residuals of the normalised values of the 12 wel-

fare statements resulted in a first principal component (PC) that
explained 50.3% of the overall variability, which was clearly more
than any other PC (Supplementary Table S3, Supplementary
Fig. S4). As all the original variables loaded positively on this first
PC, it can be interpreted accordingly as the overall welfare risk
summarising all the 12 original welfare statements. The highest
loads were reached by the risk of restricted ability to express other
4

normal behaviours, of restricted movement, of restricted ability to
express social behaviours, of discomfort when resting, of experi-
encing negative affective states and of restricted experience of pos-
itive emotions (Supplementary Table S3). The beef versus dairy
origin was well separated along this first PC (Fig. 1 in main text;
Supplementary Fig. S4). All additional PCs explained a much smal-
ler proportion of the variance and were mostly difficult to inter-
pret. Due to their limited contribution to the overall variability in
the data, no attempt was made at their interpretation and they
were not further considered for analyses.

Statistical analysis of the results

For statistical evaluations, R V 4.0.3 was used (R Core Team
2020). A PCA based on the correlation matrix (function princomp;
base R) was run for each set of variables that reflected information
on the most common housing systems of the different animal cat-
egories in the countries for which experts made an assessment.
These PCAs were based on raw scorings of the answers (no = 1,
partly = 2, yes = 3) and responses of experts with missing answers
were omitted. Veal from beef origin was also omitted because
information for this category was given by less than 15% of the
experts (n = 10 of 70).

The first principal component of this PCA, which explained
50.3% of the total variance, was then used as the outcome variable
in a linear mixed-effects model (function blmer, package blme;
Chung et al., 2013, which uses features of the package lme 4;
Bates, 2015). The fixed effects in the model were the origin of
the animals (two-level factor: dairy versus beef), the animal cate-
gory (four-level factor: calves raised for red meat, calves raised
for replacement, cows, and veal calves) and their interaction. To
be able to interpret average main effects even in the presence of
interactions, sum contrasts were used for the fixed effects. The ran-
dom effect was animal category nested in expert and the confi-
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dence ratings were used as weights. Residuals were checked
graphically, using a QQ-plot of the raw residuals and the standard
plots using simulated residuals in package DHARMa (Hartig, 2020).
The model with the confidence weights showed a slight s-shape in
the QQ-plot of DHARMa but the estimated effects were almost
unchanged in comparison with the model without weights. We
therefore report the model with weights. We calculated p-values
by comparing the maximum model with one model each that
omitted one of the fixed effects using a parametric bootstrap
(package pbkrtest; Halekoh and Højsgaard, 2014). A few warnings
about non-convergence occurred in the process of evaluation, but
these did not seem to influence the model estimates in any rele-
vant way. Finally, we also used a parametric bootstrap to estimate
confidence intervals of the model estimates, which fitted the raw
data well (Fig. 1).
Results

Overall 70 cattle welfare experts participated in the survey. The
experts, who had a median experience of at least 15 years, were
recruited from Europe (35), North America (17), South America
(8), Australia (5), and other regions of the world (5). Additional
characteristics of the experts can be found in Supplementary
Table S1.

Welfare risk as a function of the different origins and animal
production goals

Experts’ likelihood and confidence ratings for each of the 12
statements are shown in Table 1. The overall likelihood to experi-
ence a negative welfare state (i.e. welfare risk) was assessed by the
experts as higher in animals from dairy in comparison to beef, for
all animal categories (origin: P = 0.001, interaction: P = 0.28;
Fig. 1B). The overall welfare risk increased from calves raised for
replacement and cows, to calves raised for red meat and to veal
calves (P = 0.001; Fig. 1B). These results indicate that, regardless
of the production goal (calves raised for red meat, calves raised
for veal, calves raised as replacement, and cows), animals born in
dairy herds were considered to experience worse welfare than ani-
mals born in beef herds.

Principal component analyses, information on the housing systems

The analyses of the information on the housing systems showed
that beef versus dairy origin can be well separated along the first
PC in all the animal categories (Table S3, Fig. S5, a–d). For the calves
raised for red meat, the housing systems could be described by two
PCs, of which the first was composed of access to pasture, access to
dam and suckling from dam during the first months of life and not
being transported during the first 6 months of life (‘‘extensitivity”
which may be closely related to available space), whereas the sec-
ond concerned being slaughtered before or after 18 months of age
(Table S3). Beef and dairy systems seemed to differ mostly by the
beef systems being more extensive (Fig. S5a). For the calves raised
for replacement, the results were very similar with the exception
that the transportation loaded on the second PC (Table S3,
Fig. S5b) and that, due to their purpose, they were not slaughtered
by default. The housing of beef and dairy cows seemed to vary
mostly in the extent that access to the outdoors was provided
(Table S3, Fig. S5c). Here, beef cows seemed to have access to the
outdoors more commonly than dairy cows and dairy cows ran a
higher risk of being culled early. The housing of veal calves seemed
to vary the most with respect to the type of flooring provided with
bedding material and access to pasture versus housing on slatted
floors loading heavily on the first PC (Table S3, Fig. S5d). The sec-
5

ond PC was a contrast of the provision of (additional) solid feed
and being slaughtered at a young age.
Discussion

The collection of bovine milk by humans has a long tradition
(‘‘secondary products revolution”; Sherratt, 1983), and it seems
to have a promising future, based on recent projections by the
Organisation for Economic Co-operation and Development (OECD)
as well as the Food and Agriculture Organisation agency (FAO;
OECD, 2020). For this reason, it is important to critically reflect
on the welfare impact of this practice. Our expert survey showed
that bovines raised in the main current food production systems
are rated as more likely to experience negative welfare conditions
if raised in dairy systems (regardless of whether they are used for
their milk or meat) than in beef systems (i.e. when raised solely for
their meat). This assessment was very similar in respect to the geo-
graphic region of experts (Europe, North America, others). Experts
from different geographical regions only differed in their assess-
ment of veal production (see supplementary analysis in Supple-
mentary Material S1). The clear overall assessment of a higher
welfare risk in dairy versus beef systems may be surprising in light
of societal perceptions regarding ethical food choices (i.e. vegetar-
ianism; Fox and Ward, 2008; Corrin and Papadopoulos, 2017) and
deserves further consideration to identify likely underpinning
reasons.

Our assessment protocol allowed us to cover a wide range of
production methods (for the result of the PCAs for the information
on the housing systems, see Supplementary Fig. S5) and to assess
experts’ ratings of the overall welfare risk of animals raised in
these conditions during the majority of their lifetime (for the
‘raw’ ratings of experts, for each of the 12 areas of welfare concern,
see Table 1). Nevertheless, it did not allow us to disentangle which
of the welfare risks mentioned above formed the basis for the
experts’ ratings. In addition, we emphasise that the results do
not necessarily mean that animals born in dairy herds are, at any
given point of time and in every type of system, worse off than ani-
mals born in beef herds. For example, after spending several
months on pasture with their dam, the welfare of beef suckler
calves is expected to be substantially reduced once they are moved
to feedlots, potentially below the levels experienced by many dairy
calves raised for red meat (see Fig. 1 in Bracke et al., 2008; for a
review of the factors affecting cattle welfare in feedlots, see
Tucker et al. (2015) and Salvin et al. (2020); for cattle preferences
to being on pasture over the feedlot area, see Lee et al. (2013)). It
would be interesting to explore whether experts would consider
that improvements to the welfare of bovines in the dairy industry
e.g. by keeping dairy calves with their dams (Meagher et al., 2019),
free access to pasture (Mee and Boyle, 2020) and the use of pain
relief, e.g. in case of lameness (Whay et al., 2005) and during prac-
tices such as dehorning (Stafford and Mellor, 2015) would be suf-
ficient to balance the overall welfare risk for animals raised in
the two production systems. The answer cannot be predicted in
advance because, for example, if such measures were similarly
applied to bovines in the beef industry, then they may retain their
perceived higher welfare status.

One possible reason why experts rated dairy systems as more
harmful to welfare may be because raising bovines for their milk
(and meat) involves a higher (negative) intervention in their lives
compared to raising them solely for their meat. Raising bovines
for their meat involves feeding and slaughtering them. Dairy cows
are also bred for their milk, which is then collected 1–3 times per
day, often for 305 days or more per lactation (Dematawewa et al.,
2007; Sehested et al., 2019), and this has implications for how
these animals are raised and managed. Long-term genetic selection
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for high milk yield in dairy cows has been recognised as a major
factor causing poor welfare, in particular health problems, such
as lameness, mastitis, reproductive disorders and metabolic
disorders (EFSA, 2008). Adoption of high-yielding breeds such as
the Holstein-Friesian without consideration for the animals’ natu-
ral ability to cope with diseases (EFSA, 2008) and thermal chal-
lenges typical of extreme climates may lead to additional welfare
compromises (Von Keyserlingk and Hötzel, 2015; Von
Keyserlingk et al., 2013). Common housing and husbandry proce-
dures characterising the management of dairy cattle increase the
welfare risks further. Our results show that beef and dairy systems
raising calves for red meat and as a replacement, differed mostly in
relation to their ‘‘extensitivity”, indicated by their ability to access
their dam and suckle from her during the first months of life, as
well as from their ability to access pasture (Supplementary
Table S2). Indeed, dairy calves, in contrast to beef calves, are com-
monly separated from their dam a few hours after birth to allow
the collection of milk from their mothers (EFSA, 2008; Beaver
et al., 2019). Upon separation, they are often kept in social isolation
for several weeks (i.e. limited or no physical contact with their dam
and conspecifics), a management practice that originated from the
desire to reduce horizontal transmission of disease between calves
yet has been repeatedly shown to inflict behavioural and develop-
mental harm (Costa et al., 2016, 2019). The social and nutritional
restrictions following the separation from the dam have been
implicated as key animal welfare issues in commercially raised
dairy calves (Costa et al., 2019), with the former being associated
with cognitive and social impairments affecting the welfare of
the animals also at a later age (for additional welfare risks placed
on male dairy calves, that are often transported to a different farm
at a young age, see Wilson et al., 2020). Later in life, dairy calves
raised to produce milk (‘‘replacement dairy calves”) are commonly
housed indoors for part of the year (i.e. winter) or continuously (i.e.
zero-grazing system), in free or tie-stall systems (Barkema et al.,
2015). Keeping dairy cattle indoors is associated with numerous
behavioural restrictions (Mandel et al., 2016; Arnott et al., 2017)
and health risks, such as higher incidence of lameness (Haskell,
2020), and increased risk for claw or foot problems, teat trampling,
mastitis, metritis, dystocia, ketosis, retained placenta, and some
bacterial infections compared to systems that allow cattle access
outdoors (EFSA, 2008). Since dairy cattle are commonly raised
indoors for at least part of the year, and since their management
involves a high degree of intervention as described above (in the
first weeks of life following the separation from their dam, and
throughout the lactating periods, when milked by partially/fully
automated milking systems), their management is expected to
involve a higher risk to their welfare compared to beef cattle. A
future study could specifically explore which of these factors most
influence expert rankings of welfare.

A possible step towards minimising the welfare gap between
the beef and the dairy sector would be to refine (or simply elimi-
nate, when possible), husbandry practices that have long been
recognised as compromising the welfare of both cows and their
calves, such as, for example, early separation of the calves from
their dams (Beaver et al., 2019). Dam rearing throughout the first
months of life may certainly improve some welfare aspects for
both the dam and the calf (Meagher et al., 2019), and may meet
current demands/perception of welfare among consumers (Busch
et al., 2017). Overcoming the challenges associated with existing
dam-rearing systems (e.g. Wenker et al., 2022) may prove to be
an important step in the process. A complementary approach,
which goes beyond minimising the gap between the two sectors
(dairy/beef), would be to elevate the overall positive welfare bal-
ance in both the dairy and the beef sectors (Rault et al., 2020). More
access to pasture, in suitable climate conditions, can definitely be a
step in the right direction, especially for dairy herds (Arnott et al.,
6

2017). Yet, it seems to contradict the general trend of a transition
to indoor housing of cattle (zero-grazing systems). Another com-
plementary direction would be to improve the training of animal
handlers, especially when in daily contact with the animals
(Rault et al., 2020). Unfortunately, in many regions of the world,
the training of animal handlers is still not mandated by law. In
countries that do demand training/certification (e.g. Switzerland),
periodic training updates are not obligatory (or apply only to a lim-
ited set of professions, e.g., for animal transport personal, but not
for farmers, BLV, 2022). Lastly, where high productivity has taken
precedence over basic bodily strength and integrity, the use of
healthier/more robust dairy genotypes would greatly improve wel-
fare (Rauw et al., 1998; Webster, 2021).

Our study focused on the welfare risks of dairy and beef cattle,
before being slaughtered/culled. It is important to note, however,
that the period during which the animals are subjected to these
risks varies between production goals, production stages and the
management goals of the farm (Fig. 1A). Veal calves (from both
dairy and beef herd origins) are usually slaughtered at the age of
6–11 months, depending on whether they are used to produce
white or rose veal [but see culling of ‘surplus’/bobby dairy calves
within the first days of life (Haskell et al., 2006)]. Calves raised
for red meat (from both dairy and beef herds) are usually slaugh-
tered at 12–36 months, while replacement cows, which are used
in both types of systems to produce both milk and calves, will com-
monly be slaughtered at an earlier age in dairy herds than beef
herds. In the US, for example, dairy cows are slaughtered at about
5 years of age (after 2.5–3 lactations), while beef cows are slaugh-
tered at 7–12 years of age (Moreira et al., 2021). The production of
milk, like beef production, involves killing of animals, yet in many
cases, this happens at a younger age in the dairy industry. Factor-
ing the intensity of welfare compromise in the lifetime expectancy
(i.e. duration) of these animals could deepen our understanding of
the overall welfare impact. However, it is beyond the scope of this
paper. Here and throughout the manuscript, we avoid making any
ethical claims about the sanctity of life. Also, we do not aim to
value the amount of suffering per animal in relation to the amount
of animal protein (or calorie; Kolbe, 2018). Our aim was more
straightforward, to assess, based on expert opinion, the welfare
of animals born to common dairy and beef herds, until slaugh-
tered/culled.

At a time of rising public concern for the welfare of animals
(Miele et al., 2013) and awareness of the impact of our diets on
the environment (Kearney, 2010), it is important that research pri-
orities and dietary choices are aligned with the areas where wel-
fare problems are most apparent. We call for further
comparisons of bovine welfare in less common dairy and beef pro-
duction systems that were not covered here (e.g. organic systems,
dam-rearing systems, where dairy calves are kept together with
their dam), preferably using animal-based welfare assessment on
farm. It would also be valuable to obtain representative overview
of the prevalence of these different systems across countries, and
to explore the possible effect of animal welfare legislation (e.g. fed-
eral/union/state level) on the magnitude of welfare differences
between the dairy and beef sectors. For a preliminary assessment
of this idea (and its limitations), see S6. In addition, we encourage
a similar expert comparison of other farm species that, like dairy
cows, are used for ‘‘more than their meat”; e.g. laying hens could
be compared with broilers to see if the findings from this study
apply in other areas of animal agriculture.
Conclusion

Cattle welfare experts rated dairy cattle as substantially more
likely to experience negative welfare than beef cattle in the most
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common housing systems selected by the experts. The underpin-
ning reasons for these evaluations were not explored with experts
but are proposed to enable testable predictions for future research.
Raising awareness about the linkage between dairy and meat pro-
duction, and the toll of milk production on the welfare state of ani-
mals in the dairy industry, may encourage a more sustainable and
responsible food consumption.
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