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Introduction

Global meat production is expected to rise by 12% from 2023 to 2032, with pork production growing
from 117 to 129 million metric tons per year (OECD and FAO). Pork is a major source of protein
worldwide, but it also contributes to the environmental footprint of meat production. Most of the
environmental impact in pig farming comes from the feed system, which includes crop cultivation,
feed manufacturing, and transportation. Improving pig health, management, and feed efficiency, as
well as better handling of swine waste, can help meet the growing demand for pork while reducing
its environmental impact (Andretta et al., 2021).

Genetics

Genetic selection has been a major driver of improvements in pig growth performance, feed
efficiency, and carcass composition over the past several decades. Modern commercial lines are
leaner, grow faster, and utilize feed more efficiently than older genotypes. Genetics play a major role
in pig feed efficiency and nutrient utilization. Selection for traits like faster protein accretion and
higher protein-to-fat ratios improves efficiency, since depositing lean tissue requires less energy than
depositing fat. For sows, selecting for larger litter sizes reduces feed use per piglet weaned, as the
sow’s maintenance feed cost is distributed across more offspring. As a result, genetic lines differ in
nutrient requirements, making tailored feeding programs essential to optimize performance. Ongoing
genetic progress reduces greenhouse gas emissions from pork production by 0.5-1.5% annually
(Dekkers, 2024).

Overall, genetics not only improve productivity and efficiency but also present opportunities to lower
the environmental footprint of swine production. Genetic lines influence how nutrients are utilized,
which means feeding strategies should be adapted accordingly. Dekkers (2024) highlights that future
selection efforts will continue to enhance sustainability by improving nutrient efficiency and
reducing emissions.

Environmental Temperature

Ambient temperature strongly affects pig feed intake, energy metabolism, and nutrient utilization.
Both heat stress and cold stress impair efficiency and alter nutrient partitioning. Pigs must maintain a
stable body temperature within a narrow thermal comfort zone, and deviations in ambient
temperature can strongly impact feed intake and efficiency. When temperatures fall below the lower
critical threshold, feed intake rises by about 1.5% per °C, but feed efficiency worsens (NRC, 2012).
For a 20 kg growing pig, the lower critical temperature is approximately 17 °C and for a 100 kg
finishing pig it is around 15 °C, increasing by 2-3 °C in damp or drafty environments (Renaudeau et
al., 2012). Conversely, heat stress reduces feed in, and for a 100 kg finishing pig, itbove the upper
critical temperature, which is 9—11 °C above the lower limit. High ambient temperatures depress feed
intake, growth performance, and heat production, although nutrient digestibility is generally not
impaired, with the main effect being reduced intake (Campos et al., 2014; Ortega et al., 2022, 2023).
Heat stress also shifts blood flow away from the gut, potentially causing hypoxia, intestinal damage,
and leaky gut that may impair nutrient absorption (Lambert et al., 2002).
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In sows, body size, body condition, and feeding level all influence thermal tolerance. Heavier and
fatter sows have lower critical temperatures but are more sensitive to heat stress, while thinner sows
require more feed intake to cope with cold stress (Gaillard et al., 2021). For example, a 140-kg thin
sow requires ~59 g of additional feed per °C below her critical threshold, compared to 34 g for a fat
sow of the same weight. Cold environments substantially raise feed demand. For example, a 200-kg
gestating sow exposed to 5 °C below her lower critical temperature year round would require an
extra 90 kg of feed annually for thermoregulation (Gaillard et al., 2021). These findings underscore
the importance of adjusting feeding strategies based on environmental conditions to balance feed
efficiency, nutrient use, and animal health.

Health Status

Pig health status is a critical determinant of nutrient utilization. Disease challenges alter feed intake,
digestion, and nutrient partitioning toward immune function rather than growth. Disease challenges
in pigs reduce feed intake and growth while diverting nutrients toward immune system activation
rather than growth. In an LPS injection model, Rakhshandeh et al. (2012) observed a 9.2% drop in
apparent ileal protein digestibility and a 3.1% drop in fecal protein digestibility, largely due to
increased endogenous losses and reduced intestinal absorptive capacity. Viral infections also vary in
their impact: PRRSV lowered feed intake and growth without changing digestibility, while PEDV
reduced digestibility of DM and energy by 8% and 12%, respectively (Schweer et al., 2016). Mixed
pathogen challenges reduced ADG by 8-14% and feed efficiency by nearly 5% (Cornelison et al.,
2018).

Disease status not only affects pig performance but also environmental outcomes. Cadéro et al.
(2020) modeled that disease-challenged pigs had 9.4% lower feed intake, 14.1% lower ADG, and
4.4% poorer feed efficiency compared with healthy pigs. This translated into 6-8% higher climate
change, acidification, eutrophication, energy demand, and land use potential. Nitrogen excretion also
rose by 1.9%, and health status accounted for more than 50% of the variance in environmental
impact, more than factors like feed rationing or infrastructure. Mortality further compounds
inefficiency: pigs dying late in finishing waste more feed than those dying earlier (Dritz, 2012). For
example, increasing mortality from 4% to 6% at 75% through finishing reduces feed efficiency by
1.8%. Field data show wean-to-finish mortality rates are higher in herds with PRRSV, Mycoplasma
hyopneumoniae, or PEDV (Magalhaes et al., 2022).

Porcine Somatotrophin Hormone (PST)

Porcine somatotrophin hormone (PST) is a metabolic modifier that improves nutrient utilization by
altering growth partitioning. Although not widely used in commercial U.S. production, PST provides
a model for understanding how hormonal regulation can enhance efficiency. PST improves pig
performance by shifting how absorbed energy and nutrients are used, promoting protein deposition
while reducing fat synthesis, rather than by changing digestibility or muscle fiber types (Shurson and
Kerr, 2023). Research shows PST can increase ADG by 10-20% and improve feed efficiency by
about 20% (Moore et al., 2012). However, despite these benefits, PST is not widely adopted due to
consumer concerns about hormone use in swine production.
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Summary

Feed intake rises 1.5% per °C below the
lower critical temperature but at the cost of
poorer feed efficiency

Heat stress reduces feed intake by 1-2%
per °C above the upper critical
temperature, with minimal effects on
digestibility

Heat stress can cause intestinal hypoxia
and leaky gut, potentially impairing
nutrient absorption

Thin sows require more feed under cold
stress, while heavier sows are more
vulnerable to heat stress

A 200-kg sow kept 5°C below lower
critical temperature may need 90 kg more
feed annually
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