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Traditionally, food security – hav-
ing an adequate diet for a healthy 
life at all times - has been seen as 
primarily a developing world issue. 
However, increasingly it is recog-
nised that it is a global issue, for all 
societies. In many developed world 
countries, a significant number of 
people struggle to provide an ad-
equate diet for their families, and 
poverty, obesity and the diseases 
that follow from that are closely as-
sociated. On a global basis, obesity 
has overtaken under-nourishment 
as the driver of malnourishment.

In 2015, the Paris climate agree-
ment signifies commitment to re-
ducing greenhouse gas emissions to 
ensure warming is kept between 1.5 
and 2 degrees. The biggest emitter of 
greenhouse gases, by service – what 
we use – is food and its production, 
currently around 30% of all emis-
sions (and about the same as cars 
and air-transport and heating, cool-
ing and washing machines). About 
half of this comes from livestock 
production on a global basis.

Demand for food is projected to 
increase as the world’s population 
grows and gets richer. But if demand 
grows as it has since the 1960s, and 
if yields continue to rise as they are 
currently doing, food will use up 
all the Paris carbon budget before 
2050. At the same time, obesity will 
continue to rise, soils become de-
graded, food converted to landfill 
and biodiversity lost. None of these 
are desirable outcomes, and a Par-
is-non-compliant food system, by 
definition, is not sustainable.

At the moment, about a third 
of the world’s food is lost or wast-
ed, a third of the world’s crops are 

used for livestock feed, and about 
a third of the world’s population 
is over-consuming by a margin of 
~20% calories. Putting these “loss 
factors” together implies that only 
about 40% of the world’s production 
is used efficiently, to provide a sus-
taining diet. There is a lot of scope to 
think about developing a new food 
system that works for our planetary 
and public health, as well as the eco-
nomics of farming.

What would a food system look 
like if it provided sustainable nutri-
tion? Farmers would need to receive 
higher income per unit of output, to 
allow them to concentrate on sus-
tainable production: higher quality, 
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more sustainable, lower volumes. 
People, within the same budget 
could spend differently, buy less, 
buy better, waste less and be health-
ier. The Fabian Commission of 2015 
on food poverty reported that arti-
ficially keeping food prices down so 
as not to disadvantage the current 
poor, amplified the unsustainabili-
ty and thus impacts on future poor. 
They suggested the answer was to 

recognise the full costs of produc-
tion in food prices and find other 
ways of supporting the poor (such 
as paying a living wage).

I am often told that sustainable 
production is “inefficient” because 
you get less output per unit of in-
puts. However, if, as the OECD rec-
ommends, you measure productiv-
ity as “total resource productivity” 
and cost in the subsidy from natural 

capital and impacts on water, climate 
and so on, then efficient productivity 
becomes “sustainable productivity” 
and traditional total factor produc-
tivity is seen as inefficient and un-
sustainable. Profitability is a more 
powerful concept than productivity: 
producing better, selling less, but 
earning more. Intensifying knowl-
edge inputs to grow sustainably not 
“growing more with less”.

Does genetic selection for feed efficiency make pigs more  
susceptible to production diseases?

Results of three experimental studies conducted by PROHEALTH

A set of experiments of PRO-
HEALTH was designed to inves-
tigate a hypothesis about genetic 
selection in pigs that has been re-
peatedly formulated, but so far was 
lacking scientific evidence: It was 
hypothesized that improved pro-
ductive traits (e.g. growing fast or 
using feed efficiently) are gained at 
the expense of reduced robustness, 
i.e. reduced capacity of the animal to 
be in good health and to maintain 
its performance in suboptimal en-
vironments. The reasoning behind 
this hypothesis is that selection for 
productive traits might impact the 
metabolism of the animal in a way 
that nutrients are increasingly used 
for productive functions (growth 
and protein deposition) and less for 
non-productive functions such as 
stress and defence responses.

Investigating the effects of selec-
tion for feed efficiency

The PROHEALTH experiments 
compared two lines of pigs selected 
for residual feed intake (RFI), which 
is a measure of the efficiency of the 
conversion of feed to meat. RFI cor-
responds to the difference between 
the actual observed and the predict-
ed feed intake. Pigs with a high-RFI 
eat more than predicted and are thus 
less efficient at converting the feed to 
meat than pigs with a low-RFI. These 

two lines are an interesting model to 
determine the consequences of ge-
netic selection on animal physiology 
and health. 

Three trials were conducted under 
controlled conditions to evaluate 
low-RFI and high-RFI line suscepti-
bility to: 1) weaning stress, with spe-
cial emphasis on digestive disorders, 
such as postweaning diarrhoea; 2) 
leg disorders, lameness and osteo-
chondrosis occurrence when pigs 
are housed on concrete floors; 3) 
respiratory and inflammatory dis-
eases, such as pneumonia caused by 
poor hygiene of the housing condi-
tions. Pig characteristics measured 
included individual growth rate and 
feed intake, behaviour, health, com-
positions of blood, organs, tissues 
and carcass at slaughter, as well as 
meat quality.

Trial 1: Piglet health during wean-
ing stress

In pig farms, piglets are usually 
separated from the sow at a young 
age (3 to 4 weeks of age). This ear-
ly weaning is a stressful and critical 
phase for pig production, because of 
the relative piglet immaturity and 
the stress caused by the weaning 
(e.g. separation from the sow, new 
feed, and new environment). Anti-
biotic treatments are still commonly 
used after weaning to control diges-
tive diseases that often occur after 
weaning. The genetic background is 
suspected to influence piglet health 
at weaning, but it remains poorly 
documented. Piglets from both RFI 
lines were weaned at 28 days of age 
and individually assessed for growth 
rate and health characteristics for 
five weeks after weaning. Piglets 
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Figure 1. Dynamic of the response of the RFI lines after weaning
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from the low-RFI line were more af-
fected by weaning than piglets from 
the high-RFI line. In the first week 
after weaning, they ate and grew less 
(Figure 1), had more diarrhoea and 
a higher inflammatory status. How-
ever, they recovered during the sec-
ond and third weeks and both lines 
had similar performance and physi-
ological characteristics at the end of 
the post-weaning period.

Trial 2: Housing large groups of 
pigs on concrete floors

Locomotory disorders, and more 
specifically lameness, have been 
identified as one of the significant 
production diseases for growing-fin-
ishing pigs and sows. Lameness is a 
complex problem with multifactorial 
causes. Among these causes, oste-
ochondrosis has a very high prev-
alence in all common pig breeds. 
Osteochondrosis is a local failure of 
blood circulation at the top of long 
bones that causes cracks of joint 
cartilage (Figure 2). However, the 
proportion of lameness that can be 
linked to osteochondrosis is difficult 
to evaluate and is still unknown. Pigs 
from high and low RFI lines were 
housed on concrete floors in a room 
equipped with an electronic weight-
ing device allowing pigs access to 
electronic self-feeders. Measure-
ments were collected throughout the 
growing-finishing period for behav-
ioural activity, lameness, osteochon-
drosis lesions, and growth rates. The 
study confirmed the high prevalence 
(55 to 90% of pigs depending on the 
joint) of osteochondrosis lesions dur-
ing the growth period. Lesions were 
more frequently observed in low-RFI 
pigs - without any correlation with 
lameness, which affects a low pro-
portion of pigs in both lines.

Trial 3: Hygienic conditions dur-
ing the growing phase

Poor housing hygiene and the lack 
of respect of biosecurity rules are 
risk factors for pig health. Both low-
RFI and high-RFI pigs were housed 
in either clean or dirty housing en-
vironments for the first six weeks of 

the growing phase (see Le Floc’h et 
al., 2014 for a description of the mod-
el). Prevalence of respiratory lesions 
at slaughter was higher in dirty con-
ditions, including inflammation of 
lung tissue (pneumonia) or the sur-
rounding membrane (pleurisy). The 
pig growth rate was on average 20% 
lower in dirty conditions, and this 
reduction was unexpectedly greater 
for the high-RFI line than the low-
RFI line (26 vs 12%). Poor hygiene 
conditions induced a systemic in-
flammatory response (Figure 3) and 
oxidative stress, and this response 
was greater in high-RFI pigs, which 
is the opposite of the initial hypothe-
sis. Meat quality evaluated at slaugh-
ter (seven weeks after all pigs were 
housed back in clean conditions) was 
not dramatically affected by poor hy-
giene during early growth, but body 

weight at slaughter was still lower for 
pigs having being reared in poor hy-
giene conditions (5.5 and 13.4 kg dif-
ference between clean and dirty for 
low-RFI and high-RFI, respectively).

Conclusions
Whilst various characteristics of 

the post-weaning response differ be-
tween RFI lines in the early stages 
of piglet weaning, no difference was 
observed by the end of the weaning 
period. Piglets from the low-RFI line 
were transiently more affected by un-
der-nutrition caused by the stress of 
weaning, but this could be overcome 
by tailored nutritional strategies. 
Poor hygiene conditions impacted 
pig health during the growing-finish-
ing phase and pig weight at slaughter. 
Pigs from the high-RFI line were 
clearly more affected than the more 

Figure 2. Process of osteochondrosis lesions
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Figure 3. Consequences of the deterioration of environmental hygiene conditions on plasma haptoglobin 
concentrations (mg/ml) at Period 1 for the 4 experimental groups. During Period 1: C- HRFI – C-LRFI and 
D-HRFI or D-LRFI represented pigs housed either in good or poor hygiene with the less efficient (HRFI) 
and the most efficient (LRFI) line. Line: Line effect , Hyg: Hygiene effect Hyg x Line : interactions between 
Hygiene and Line. ** P<0.005 and *** P<0.001. Arrows under the bars indicate pairwise comparisons. Error 
bars are mean standard deviations of the back-transformed data calculated from predicted values. 
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As we apply genetic selection for 
more prolific sows, the challenges 
for piglet survival increase; piglets 
are smaller and more vulnerable at 
birth, face greater competition for 
the vital early colostrum intake, and 
are thus more at risk of dying from 
hypothermia, starvation and crush-
ing. To address these challenges, 
the PROHEALTH project is inves-
tigating different genetic and man-
agement interventions which might 
improve the vitality of the newborn 
piglet and the maternal behaviour of 
the sow in order to reduce mortality 
risk.

Genetic approaches
A collaborative study between 

Newcastle University and the JSR 
Genetics breeding company is look-
ing for new neonatal and maternal 
traits which might be utilised in 
future genetic selection strategies. 

Observations from more than 1500 
farrowings, with individual records 
on more than 21000 piglets, are now 
being analysed to assess the herit-
ability of different sow and piglet 
traits and their association with pig-
let mortality risk.

Piglet maturity at birth is of great 
importance and early results show 
that, in addition to birthweight, 
other simple visual indicators of 
intra-uterine growth retardation 
(IUGR) such as the head shape of 
the piglet affect their survival pros-
pects. Preliminary analysis at the 
piglet level has shown that piglets 
affected by IUGR have a much high-
er probability of being born dead or 
being born alive but dying within 24 
hours compared with piglets not af-
fected by IUGR when at lower birth 
weights (Figure 1), although this re-
lationship reverses as birth weight 
increases.

The piglet level heritability for 
intra-uterine growth retardation 
(as defined by head shape) is low 
at 0.05 ±0.016. Therefore, growth 
retardation may be considered a 
property of the dam, in part due to 
uterine capacity. However, uterine 
capacity cannot be equated to litter 
size and is thus difficult to measure 
on farm. A novel approach to this 
may be to consider the proportion 
of IUGR piglets in a litter as a proxy 
for uterine capacity. Sow level anal-
ysis shows that the heritability for 
the proportion of IUGR piglets in 
a litter is 0.20 ±0.055, thus suggest-
ing it could be a suitable proxy for 
uterine capacity to be included in 
future breeding programmes.

With so many vulnerable off-
spring, another key factor is the care 
taken by the mother as she chang-
es posture, a time when crushing 
of piglets can easily occur. A nov-
el approach to characterise the 
movement patterns of farrowing 
sows uses small rump-mounted 
accelerometers, which record the 

Improving piglet survival: How can genetics 
and management contribute?

efficient low-RFI  pigs. These experi-
mental studies indicate that selection 
of pigs for low RFI (high production 
efficiency) has no negative impact on 
the robustness, health and coping 

capacity of pigs by the end of the 
weaning period.

Source: Le Floc’h, N., Knudsen, C., 
Gidenne, T., Montagne, L., Merlot, 
E., Zemb, O. (2014). Impact of feed 

restriction on health, digestion and fae-
cal microbiota of growing pigs housed 
in good or poor hygiene conditions. An-
imal, 8(10), 1–11. http://doi.org/10.1017/
S1751731114001608.
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Normal  

IUGR 
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Piglet head shape on the probability of being born dead Piglet head shape on the probability of being dead by processing 

Figure 1. Differential survival of piglets affected by intra-uterine growth retardation (IUGR, green line and slightly IUGR, red line) compared to 
unaffected piglets (Normal, blue line). Figures show the effect of increasing birth weight on the probability of being born dead and the probability 
of being born alive but dying within 24 hours.
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3-dimensional changes in accelera-
tion of her body. 

Preliminary results show that 
both the type of flooring in the 
farrowing pen and the leg confor-
mation of the sow can influence 
the speed of body movements and 
the associated risk of crushing. The 
shape of the fore- and hind-limbs 
has been shown to have an effect on 
the speed of descent of the sow when 
lying, whereas the placement of the 
hind legs under the body of the sow 
seems to have an effect on the side to 
side movement in posture changing 
(Figure 2.) Once the methodology 
is fully developed, these acceler-
ometer data may be used to reduce 
piglet crushing by identifying the 
structural adequacy of the farrow-
ing environment, such as suitability 
of floor type, or selecting sows with 

better movement characteristics.

Management interventions
Since sudden and careless move-

ments of the sow are one of the big-
gest factors affecting crushing risk, 
management procedures which 
might reduce their occurrence are 
being investigated in a study in-
volving more than 400 highly pro-
lific sows, carried out by the Danish 
Pig Research Centre (SEGES). Brief 
daily contact with the sows (friend-
ly scratching for 15 seconds) in the 
days immediately before farrow-
ing has been shown to reduce their 
fear of humans, especially where 
sows initially showed marked neg-
ative responses. An alternative and 
less labour-demanding approach to 
generate calm sows which is being 
evaluated is the use of a background 

of classical music in the farrowing 
room, which should reduce the like-
lihood of startle responses to other 
environmental disturbances. Per-
sonnel on the farms running these 
trials, when asked about the effect of 
the two treatments, stated that they 
found sows in all treatment groups 
less reactive and easier to handle than 
sows in the non-treatment group. 
Furthermore, they did not consider 
the treatments to be time-consum-
ing or annoying. The effect of these 
calming measures on sow restless-
ness at the time of farrowing and the 
consequences for piglet mortality are 
now being assessed.

Conclusions
Work in the PROHEALTH pro-

ject is demonstrating how the chal-
lenges of prolificacy for keeping 
piglets alive can be addressed by 
incorporating new maternal traits 
in the breeding programme or by 
implementing new management ap-
proaches in day to day practice. 

A sow appreciating classical music in the far-
rowing room! (photo: V A Moustsen) (For full 
video clip see: http://bit.ly/2ewjgkR)

Figure 2. Effects of sow leg conformation on some of the traits recorded by the accelerometers

Maximum mean Acceleration Rate of change of mean Roll

A crated sow showing placement of the accelerometer between the hip bones and base of the 
tail bones (held in position by green tape and glued to the sow) photo: S. Matheson
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The public are an important stake-
holder at the end of the food chain, 
and as they are the end-users of food 
products, their opinions need to be 
taken into consideration in order to 
produce food that meets their needs. 
However, they are generally unfa-
miliar about production practices 
used in animal production.

Consumer views on production 
diseases are unknown

Two literature reviews on the pub-
lic’s attitudes and willingness-to-pay 
for characteristics of animal prod-
ucts were conducted, including 80 
and 54 studies respectively. Both 
reviews highlighted a research gap 
in relation to production diseases. 
In the willingness-to-pay literature, 
only four studies examined produc-
tion diseases. Just over 25% of stud-
ies examining attitudes included 
some mention of production diseas-
es, mainly in relation to treatment 
of animal ill-health. Prophylactic 
antimicrobial use was identified as 
a concern, but the public appear to 
accept the use of antimicrobials to 
treat sick animals.

Whilst there is a considerable 
number of studies focussing on 

consumer willingness-to-pay and 
public attitudes for improved (i.e. 
higher than minimum) animal wel-
fare standards, it is not clear wheth-
er this relates to the reduction or 
management of production diseases 
related to intensive production sys-
tems. 

Naturalness is appreciated
Aside from the research gap, the 

literature examined provides in-
sights on the characteristics of ani-
mal production which are generally 
important to consumers. Humane 
treatment and naturalness are cen-
tral to attitudes and concerns in re-
lation to animal production. Twenty 
studies which had examined natu-
ralness indicated it to be important 
for the consumers and in all of these 
studies, the public appear to have 
concerns that some animal produc-
tion systems may breach this core 
concept. More traditional, extensive 
and outdoor systems were viewed as 
more natural, with resulting percep-
tions of higher quality products. De-
spite concerns, the public consider 
modern production systems to have 
valuable characteristics, such as im-
proved hygiene.

Consumers associated charac-
teristics such as higher animal wel-
fare with other product attributes 
such as safety, health and quality 
although, this may not be the case 
in reality because the association is 
based on consumer perceptions. As 
a result, consumers are willing to 
pay a small price premium for prod-
ucts produced according to higher 
than minimum production or qual-
ity standards. Both the concerns of 
production systems and willing-
ness-to-pay a premium for higher 
quality products are associated with 
a number of consumer characteris-
tics including gender, age, education 
and income, and also vary by region.

What can we conclude from this?
Both market-based and legislative 

solutions would appear to be most 
practical approach in enabling dif-
ferent public preferences to be iden-
tified and taken into consideration. 
European policy should reflect the 
regional and cultural differences 
identified to ensure that consumer 
preferences are met, so as to ensure 
that consumers are not priced out 
of the market, and also to guaran-
tee that the opinions of those who 
cannot express their preferences 
through purchasing products alone 
are met.

The findings of both reviews are 
currently being used to design a 
consumer survey as part of the 
PROHEALTH project, which will 
specifically focus on consumer at-
titudes and priorities in relation to 
interventions and policies to reduce 
production diseases in intensive an-
imal production systems. This will 
address the research gaps identi-
fied and provide an overview of the 
consumer perceptions for the ques-
tioned interventions.
Published as: Clark, B., Stewart, G.B., 
Panzone, L.A., Kyriazakis, I. and Frewer, 
L.J., 2016. A Systematic Review of Public 
Attitudes, Perceptions and Behaviours 
Towards Production Diseases Associated 
with Farm Animal Welfare. Journal of 
Agricultural and Environmental Ethics, 
29(3), pp.455-478.

Insights from a systematic literature review
What do consumers think about farm  

animal production?
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