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ABSTRACT: Environmental impacts of livestock systems, especially pig production, have come under increasing debate in recent years. The challenge
is in meeting the growing demand for food at an affordable cost, without compromising environmental integrity. Previous studies have shown that feed
production is responsible for the majority of CO,-eq. emission resulting from pig farming systems. This seems to indicate that feed strategies could be an
effective tool to achieve the sustainability of the pork chain. Therefore, dietary crude protein reduction, through the addition of industrial amino acids,
lessens the nitrogen excretion by pigs and, consequently, could mitigate the effects on the environment of pig production. In this sense, to effectively
evaluate the environmental impacts of pig production systems, life cycle assessment has been widely used in agriculture, but the effects of feed are still
understudied in Brazilian conditions. Owing to the importance and the great concern in this research area, we presented in this paper an updated review
focusing on the nutritional techniques and their potential to reduce the global warming potential of pig production, considering both the direct effects,
related to the choice of feed ingredients and the indirect effects, related to changes in the efficiency of use of nutrient by the animals.

Key words: crude protein, environmental impact, global warming potential, greenhouse gases, nutrient.

Analise do ciclo de vida como ferramenta para avaliar o impacto
da reducio do conteido de proteina bruta da dieta de suinos

RESUMO: O impacto ambiental da producdo animal, especialmente da suinocultura, vém sendo objeto de crescente debate nos tiltimos anos. O desafio
é atender a crescente demanda por alimentos a um custo acessivel, mas sem comprometer a integridade ambiental. Estudos vém demonstrando que a
produgao de ragées é responsavel pela maior parte das emissoes de CO-eq. do sistema de produgdo de suinos. Isso parece indicar que estratégias de
alimentagdo podem ser ferramentas eficientes para alcangar a sustentabilidade da cadeia suinicola. Dessa forma, a redugdo do contevido de proteina
bruta da dieta através da inclusdo de aminodcidos industriais, leva a diminui¢do da excregdo de nitrogénio em suinos e, consequentemente, pode mitigar
o impacto ambiental do sistema de produgdo de suinos. Neste sentido, para avaliagdo efetiva do impacto ambiental do sistema produtivo, a andlise do
ciclo de vida vem sendo amplamente utilizada na agricultura, mas os efeitos da alimentagdo ainda sdo pouco estudados nas condigées brasileiras. Devido
a importancia e a grande preocupagdo nesta drea de pesquisa, este artigo trds uma revisdo atualizada com foco nas técnicas de nutri¢do e principalmente
no seu potencial em reduzir o potencial de aquecimento global da produgao de suinos, considerando ambos os efeitos diretos, relacionados a escolha dos
ingredientes da ragdo, e os efeitos indiretos, relacionados as mudangas na eficiéncia de uso de nutrientes pelos animais.

Palavras-chave: proteina bruta, impacto ambiental, potencial de aquecimento global, gases de efeito estufa, nutrigdo.

INTRODUCTION The pig supply chain involves a complex

system, starting with the production of resources such

According to the Food and Agriculture
Organization (FAO), the world population will rise
to 9.1 billion in the year 2050, representing a 21%
increase compared to 2010 (ALEXANDRATOS &
BRUINSMA, 2012). In this scenario, the challenge
for livestock production, and especially for pig
production, will be to meet the growing demand for
food at an affordable cost, without compromising
environmental integrity. Therefore, special attention
has to be focused on the rational use of natural
resources and the term “sustainable agriculture” is a
target in national and international discussions about

\ _ the future of the planet.

as fertilizers and pesticides, until the disposal of animal
waste including their reuse as fertilizers (McAULIFFE
et al., 2016). Pig production system is responsible
for air methane (CH,), ammonia (NH,) and nitrous
oxide (N,O) emissions, as well as risks of water and
soil contamination resulting from inefficient manure
management practices (McAULIFFE et al., 2016).
Life cycle assessment (LCA) has been
widely used in agriculture (GUINEE et al., 2002) and
pig production (McAULIFFE et al., 2016), to evaluate
environmental impacts at global scale, such as global
warming potential (GWP), resources depletion and
ozone depletion, or at regional and local scale, such as
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terrestrial ecotoxicity, acidification potential (AP) and
eutrophication potential (EP) (GUINEE et al., 2002).

In the literature, improvement of nutritional
strategy and manure management practices has
been widely investigated in order to achieve a pig
production with low carbon emission. In this article,
we will focus on the nutritional techniques and mainly
their potential to reduce the GWP of pig production,
considering both the direct effects related to the choice
of feed ingredients and the indirect effects related
to changes in the efficiency of use of nutrient by the
animals. However, because of concern about nitrogen
(N) and phosphorus (P) excretion by pigs and their use
as fertilizers, other environmental impact categories
will also be discussed, like AP and EP.

Nutritional strategies as a tool for sustainable pork
production

For more than 50 years, when the ideal
protein concept was established (MITCHELL, 1964),
the possible reduction of dietary crude protein (CP) has
continously been investigated with the aim of reducing
feed costs or, more recently, N excretion. The strategy
was to better match amino acid (AA) requirements and
consequently, reduce dietary N excess.

Dietary proteins are hydrolyzed into
individual AA in the gastrointestinal tract (NELSON
& COX, 2012). These AA are transported through
the epithelial and reach the liver. Some AA are
metabolized in different metabolic ways, such as the
citric acid cycle, as glucose precursors (NELSON &
COX, 2012) and for body protein synthesis (WEINER
et al., 2015). The non-digestible AA are excreted in
faeces, and those absorbed, but not used in a specific
function, are metabolized in the liver and N waste is
excreted in the urine (NRC, 2012).

Accordingto this principle, and as reviewed
by DOURMAD & JONDREVILLE (2007), reducing
the dietary CP while balancing the diet with feed-use
(FU) AA is an effective way of reducing N excretion,
as long as pig performance and carcass composition
are not adversely affected. These authors reported
about 9% reduction in N excretion by growing-
finishing pigs per percentage unit of CP reduction,
when the dietary CP level was reduced from 178 to
136¢ kg!, without affecting energy efficiency, carcass
lean percentage or average daily gain.

Indeed, reducing N excretion could be an
efficient way of reducing the amounts of reactive N,
consequently reducing the environmental burdens,
since N contributes to the eutrophication process,
as well as to the acidification process by ammonia
emissions (GUINEE et al., 2002). Nitrogen excretion

contributes to the emission of greenhouse gases
(GHG) emissions due to direct emissions of N,O
from manure (RIGOLOT et al., 2010b) and indirect
emissions associated with the deposition of NH, and
the spreading of manure as fertilizer (IPCC, 2006).
Reducing the dietary CP also modifies the rate
of incorporation of the different feed ingredients,
especially protein sources, affecting the impacts
of several stages in the pig production system. To
effectively evaluate the environmental impacts of
food production systems, life cycle assessment
(LCA) has been widely used in agriculture (GUINEE
et al., 2002) and several studies of swine production
chains have been conducted (Table 1), as reviewed by
MCcAULIFFE et al. (2016).

Concerning the effect of pig feeding, most
of these LCA studies indicated that reducing dietary
CP is one of the most effective nutritional strategies
that contribute to improve the environmental
performance in the pig production chain, especially
concerning GWP, AP and EP (VAN DER WERF etal.,
2005; MOSNIER et al., 2011; GARCIA-LAUNAY
et al, 2014). It appears that reducing dietary CP
modifies the environmental impacts at several stages
of pig production, since the N content of manure
and gaseous N-emissions during storage, treatment
and field application, are related to N intake. In that
perspective, the most common approach investigated
in the literature is the reduction of dietary CP with the
use of industrial AA. This results in a decrease in the
incorporation of protein-rich feed ingredients, such as
soybean meal, and their replacement by cereals and
industrial AA.

Nutrition and global warming potential.

The concept of GWP was developed to
allow the comparison of the global warming impacts
of different GHG. It is generally expressed in kg
equivalent CO,. According to the International Panel
on Climate Change (IPCC 2007), in a 100-year time
horizon, nitrous oxide (N,0) and CH, emissions have
298 times and 25 times the GWP of CO,, respectively.

In the production chain the emissions
of GHG originate from several processes. Fossil
energy and electricity used for the synthesis of
fertilizers and for crop production, for the mixing
and pelleting of complete feed, for animal housing
and manure management, and for the processing
and transportation of pork products, are responsible
for CO, emissions from pig production (GILL et
al., 2010). Methane emissions occur from enteric
fermentation in farm animals (RIGOLOT et al.,
2010a) and manure management in pig operations
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Life cycle assessment as a tool to evaluate the impact of reducing crude protein in pig diets. 3

Table 1 - Effect of feeding strategy on global warming potential (GWP), eutrophication (EP) and acidification (AP) of different pig
production systems.

Study Country Functional unit Feed Dietary CP GWP EP AP
g/kg kg CO,-eq. g POy-eq. g SOx-¢eq.

1. BASSET-MENS and . .

van der WERF (2005) France kg of pig Conventional 2.30 20.8 43.5
Red label 3.46 16.6 22.6
Organic 3.97 21.6 37.2

2. ERIKSSON et al .

(2005) Sweden kg pig Soy 147.0 1.51 243
Pea 155.0 1.36 254
Mix- withAA  137.0 1.39 19.5

3. LAMMERS et al UsS One marketed pig Conventional 218

(2010)
Hoop barn 142

4. OGINO et al. (2013) Japan kg liveweight Conventional ~ 155.5 3.16 9.1 21.7
lowCP 126.5 2.99 6.6 20.7

5. GARCIA-LAUNAY

ctal. (2014) France kg BW Soy- noAA 180.0 2.68 21.2 53.2
Soy- withAA  132.0 2.31 16.9 36.6
Soy- lowCP 123.0 2.26 16.5 34.6
Mix- noAA 169.0 2.41 21.6 48.3
Mix- withAA  133.0 222 16.8 36.9
Mix- lowCP 123.0 2.26 16.5 34.6

6. CHERUBINI et al .

(2015b) Brazil kg BWG CP18 179.5 2.35
CP16 164.5 2.24
CP15 149.5 2.29
CP13 134.5 2.53

7. CHERUBIND et al. 5 kg pig carcass Conventional ~ 175.3 3.10 0.076

(2015a)

?éoi\g;\CKENZIE S Canada kg pig carcass Control 132.6 2.20 144 57.4
Meat meal 146.9 2.16 15.8 61.6
DDGS 1384 2.55 14.3 56.5
Wheat shorts ~ 135.0 1.95 16.6 56.9
Bakery meal 132.2 2.13 14.1 55.8

9. MONTEIRO et al. .

(2016b) Brazil kg BWG noAA 160.1 2.37 62.4 18.6
withAA 1494 2.39 60.6 17.9
lowCP 126.5 2.45 55.1 16.1

g A

o
PALLT TP

CP, crude protein; BW, body weight; BWG, body weight gain; Soy, feeds based on soybean meal; Mix, feeds based on soybean meal and
grains; noAA, feeds without feed-use amino acids; withAA, feeds with feed-use amino acids and minimum CP content; lowCP, feeds

with feed-use amino acids without CP constraint.

(RIGOLOT et al., 2010b), while N,O emissions are
mainly associated with manure management and the
application and deposition of manure (CHADWICK
et al.,, 2011). Moreover, N,O emissions from pig
production also come from the use and application
of mineral and organic fertilizer for feed production
(EICHNER, 1990). All these emissions are finally
aggregated into CO,-eq. emissions, which represent
the GWP of the process or product.

The GWP of pig production has been
addressed in many studies. In the national Brazilian
context, CHERUBINI et al. (2015a) evaluated the
environmental impact of different manure management
systems based on LCA. Theyreported that the biodigestor
for energy purposes had the best environmental
performance for almost all the environmental impacts,
mainly due to biogas capture and the potential of energy
savings. The LCA indicated that the production of one

Ciéncia Rural, v.47, n.6, 2017.



4 Monteiro et al.

kg of swine carcass emitted about 3.50kg CO,-eq. into
the atmosphere, corresponding to about 2.70kg CO,-eq
per kg pig live weight. However, there have been few
studies on the LCA evaluation of nutritional approaches
in Brazil, such as CHERUBINI et al. (2015b) and
MONTEIRO et al. (2016a).

Environmental consequences of including
industrial AA in pig and broiler feeds in France
were evaluated by MOSNIER et al. (2011). They
compared diets based on cereals and soybean meal
without amino acid (noAA) supplementation, with
the incorporation of L-lysine, L-threonine and DL-
methionine sources (withAA), and supplemented
with AA and lowered CP contents (lowCP). They
observed a reduction of GWP with 6.15, 6.01 and
5.92g of CO,-eq. kg' of feed for noAA, withAA
and lowCP, respectively. This represented only a 4%
reduction in GWP of feed, between the noAA diet and
the lowCP diet, but in this study protein sources were
not associated with any deforestation process.

Evaluating the environmental impacts of
pig production with a conventional or a low CP diet
in a Japanese system, OGINO et al. (2013) reported
that the low CP diets resulted in a lower GWP (6%)
per pig produced than conventional diets. This
represented a 2% reduction in the GWP for each
percentage unit of CP content. In this study, since the
GWP from AA manufacturing were higher than those
from the production of the main feed ingredients,
i.e., maize and soybean meal, the observed effects on
GWP resulted from the reduction of N,O emissions
from manure management, mainly from wastewater
treatment, which were larger than the GWP increase
due to the use of AA. Thus, although AA production
may have a higher GPW than crop products, they are
responsible for the reduction of N emissions during
pig housing, and a decreased GWP of the whole
system was observed.

Another study also assessed the
environmental impact of pig production in France,
according to several scenarios of AA incorporation.
In the same way, as observed in previous studies,
GARCIA-LAUNAY et al. (2014) reported that
reducing the dietary CP supply, either by a better
adjustment of supplies to requirements, with phase
feeding, or by increasing the incorporation of
industrial AA, reduced GWP impact by about 3%
for each percentage unit of CP content reduction.
Furthermore, the CP reduction decreased the required
amounts of soybean meals, thus reducing the feed
cost in that situation. However, in this study it was
considered that 70% of the soybean meal originated
from recently deforested areas. Thus, the decreased

incorporation of these protein sources with a high
GWP resulted in lower CO,-eq. emissions for the low
protein diet.

Indeed, the  deforestation process
contributes substantially to increasing the absolute
values of CO,-eq. emissions, due to the effect of land-
use change (LUC) on carbon release as a consequence
of the conversion of forest to cropland (PAS2050,
2011). PRUDENCIO DA SILVA et al. (2010) assessed
the environmental consequences of different chains
supplying vegetal protein, associated or not with
LUC. They reported that CO,-eq. emissions increased
by about 47% when the protein sources came from
deforested areas. For this reason, the replacement
with industrial AA and with cereals not associated
with deforestation appears more efficient to reduce
CO,-eq. emissions.

The GWP of the finishing stage in swine
production under four scenarios of dietary CP (18,
16, 15 and 13%) was calculated by CHERUBINI et
al. (2015b). In the evaluation of feed composition,
CP18 (no soybean hulls or maize starch) showed the
best environmental performance for GWP. However,
when evaluating the life cycle of finishing swine,
CP16 exhibited better environmental results, due to
the better technical indicators by pigs fed with CP16
diet. Authors reported that diet has a direct influence
on impact generation, due to the feed composition
changing the amount of feed required by the animals,
and modifying the characteristics of the manure and
consequently the emissions produced.

However, the type of manure management
also has a direct effect on GWP impact. GARCIA-
LAUNAY et al. (2014) reported that GWP impacts
were higher in the solid manure systems (deep litter)
than in slurry systems (slatted floor), ranging from
1.06 to 1.37 and from 0.44 to 0.63kg CO,-eq. per
kg live weight, when using least-cost formulations
without industrial AA addition and with IAA addition,
respectively. The difference of GWP between manure
management strategies was due to the higher N,O
emissions during housing and manure storage in
pigs raised on deep litter systems, as reviewed by
RECKMANN et al. (2012).

A recent study evaluated the LCA of pig
production under different scenarios of incorporation
of industrial AA (MONTEIRO et al., 2016b). They
considered the process of pig fattening in the South
Region of Brazil, including the production and
transport of feed ingredients and complete feeds, as
well as the rearing of pigs and manure management.
Different levels of AA incorporation were evaluated:
no AA addition (noAA), AA addition with fixed
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CP content (withAA) and AA addition without
CP constraint (lowCP). Contrasting with previous
studies, they reported that when the protein source
was produced in a region without deforestation, the
incorporation of FU-AA did not appear to be an
efficient strategy to reduce the GWP of pig production,
since the lowest impact (2.38kg CO,-eq. per kg of
body weight gain) was obtained for noAA diets and
the highest for low CP diets (2.51kg CO,-eq. per kg
of body weight gain). These results may be associated
with the fact that the authors did not consider grain
production with any deforestation. Contrasted results
could be obtained according to the region considered,
such as those obtained by KEBREAB et al. (2016)
in Europe, North America and South America, and
by MONTEIRO et al. (2016a) in Europe and South
America, since the nutritional strategies affected each
pig production context differently, and the effect of
AA supplementation on the GWP of pig production is
highly dependent on the GWP of the protein sources.
Reducing dietary CP content does not
always reduce the GWP of the pig chain. The study
carried out by MACKENZIE et al. (2016) showed
that using meat meal in pig diets increased the dietary
CP compared to a control feed based on maize and
soybean meal (147 vs. 133g CP kg, respectively).
However, the GWP of one kg of pig carcass was 2%
lower when pigs were fed diets based on meat meal, in
a Canadian pig farming system. The benefits of using
co-products in pig diets to improve the sustainability
of the system are clear, because co-products have their
impact allocated from the main product. In this case,
meat meal was allocated on an economic basis from
meat production for human consumption. Because
co-products usually showed lower values than the
main product, their environmental impact is low.

Nutrition and acidification and eutrophication
potential of pig production

Acidification potential is related to
emissions of acidifing substances into the air, like
sulphur oxides, nitrogen oxides (NOx), hydrochloric
acid, hydrofluoric acid and NH,. In order to evaluate
the acidifying effect of these substances, their acid
formation potential (i.e., their ability to form H+ ions)
is calculated and set against a reference substance,
generally sulphur dioxide equivalent (SO,-eq.;
GUINEE et al. 2002). Eutrophication potential is
related to the emissions of substances that contain N or
P, such as phosphate, nitrate, NOx and NH, (GUINEE
et al., 2002). Equivalence factors for each substance
are used to convert these emissions into phosphate
equivalent (PO,-eq.; GUINEE et al., 2002).

The production of feed ingredients
contributes to about 50% of the total AP and EP
impacts of pig production (BASSET-MENS & VAN
DE WERF, 2005). MOSNIER et al. (2011) evaluated
the effect of reducing dietary CP, with the addition
of industrial AA, on AP and EP impacts per kg feed.
Acidification potential and EP impacts were reduced
by about 10% in supplemented compared to non-
supplemented diets with soybean meal as the main
protein source. However, in these conditions, the
effect was less marked and even non significant
for AP, when rapeseed meal and peas were also
incorporated as a protein source.

Reducing dietary CP content, by lowering
the incorporation of protein-rich ingredients,
reduces N excretion by pigs (TOLEDO et al., 2014;
MONTEIRO etal., 2017) and consequently emissions
of NH, and nitrate from manure (VAN DER PEET-
SCHWERING et al., 1999). A reduction in AP and EP
of the pig chain can be expected, when adding AA to
the diets, because of the reduction in NH, and nitrate
losses associated with the use of pig manure.

In the study of OGINO et al. (2013) AP and
EP per kg of pig produced were reduced by about 2 and
9%, respectively, for each percentage unit of CP content
reduction. Likewise, GARCIA-LAUNAY et al. (2014)
reported that the reduction of dietary protein content
lessened the AP impact by about 5% and the EP impact
by about 3%, for each percentage unit of CP content.

In a Brazilian context, AP and EP were
significantly reduced by industrial AA addition and the
lowest impact was observed for the lowest CP diets,
showing 11 and 13% decrease in acidification and
eutrophication, respectively, compared to diets without
AA supplementation (MONTEIRO et al., 2016b).
These authors reported that the AP and EP impacts
were reduced by about 3 and 4%, respectively, for each
percentage unit of CP content, concluding that these
categories are highly dependent on N excretion.

Comparing diets based on meat meal, with
dietary CPof147gkg !, and diets based on bakery meal,
with 132g CP kg!, AP and EP impacts were reduced
by about 6 and 7%, respectively, for each percentage
unit of dietary CP reduction (MACKENZIE et al.,
2016). According to KEBREAB et al. (2016), the
addition of industrial AA and phytase to pig diets also
reduced EP and AP in all the regions studied.

DISCUSSION
Both the concern about natural resources

use by livestock and the importance of pork for world
meat consumption, have led to the development

Ciéncia Rural, v.47, n.6, 2017.
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of several studies worldwide, addressing the
environmental impact of the swine production
chain on GWP, AP and EP (DE VRIES et al., 2013;
DOURMAD et al., 2014), particularly in Europe.

The great concern about global warming
can be seen by the establishment of annual conferences
to discuss the future of the planet. The Conferences of
the Parties (COP) organized by the United Nations,
is an example, where the partner countries have met
annually, since 1995, to assess progress in dealing with
climate change. At the last 2015 edition, the first global
climate agreement was defined, i.e., starting in 2020,
all countries will be required to reduce their emissions,
towards a low carbon economy (COP 2015).

In Brazil, through the Ministério da
Agricultura, Pecudria e Abastecimento, the
government proposed the ABC Plan (Low Carbon
Agriculture) to be acting in 2010, in order to plan
actions to adopt sustainable production technologies
(BRASIL, 2012). Pig sector has received considerable
attention at the ABC Plan, and from 2015 it became a
priority with a special program called “pig production
of low carbon emission”. This topic aimed to diffuse
clean technologies of pig production, encouraging
manure treatment and its use as fuels and as fertilizers,
as well as financial support to farmers to access
technologies of low carbon emissions.

In this context, the evaluation of nutritional
techniques as a tool to reduce carbon emissions
by Brazilian pig production sectors seems to be a
promising research line, mainly because Brazil is the
fourth largest producer and exporter of pork in the
world (USDA, 2013). However, in a national context,
LCA methodology to access the environmental impact
of the pig chain is still underused. Since the studies
presented in this paper indicated that improving feed
efficiency could be an effective way of increasing
the sustainability of pig production systems, this
approach needs to be more precisely explored in
Brazilian conditions of pig production.

Conversely, up to now only a few studies
have taken between-animal variability into account
(MONTEIRO et al., 2016a). This variability can
affect both performance and nutritional requirements
(BROSSARD et al.,, 2014), influencing nutrient
excretion and emissions. Moreover, LCA input and
output data are usually average values, adding some
uncertainties on results. This is especially important
in livestock production, due to the huge diversity
in production systems and agricultural practices
(BASSET-MENS & VAN DER WEREF, 2005), as well
as the complexity of interactions among the variables
in a LCA study applied to animal production.

Each of these topics showed the need
for continued improvement in LCA researches, and
three main points could be better explored. The first
refers to better taking into account between-animal
variability during data estimation, mainly in pig
production. The heterogeneity that exists among
animals even in groups standardized by age and sex
is usually not considered, although different studies
have been demonstrating this effect (BROSSARD
et al., 2009; VAUTIER et al., 2013). The second
refers to the possibility of using experimental data
of performance and excretion as inputs and outputs
in a LCA study. This could reduce the uncertainties
which are assigned to LCA data. The third is
related to the validation of estimated LCA data with
observed LCA data. This should answer the question
if estimated data represent what actually happens in
the productive system, related to nutrient excretion
and its subsequent emission.

CONCLUSION

The inclusion of industrial AA to reduce
dietary CP content has become a widely studied
subject and it appears an efficient approach to reduce
environmental burdens, especially for acidification
and eutrophication. However, only a limited
number of studies have been conducted in Brazilian
conditions and some results seem to indicate that
the environmental benefit of this technology might
depend on the context of production, especially for
global warming. Moreover the variability between
animals and between farms has received little attention
until now and could also interfere with the results.
Therefore, addressing the potential environmental
impacts of the swine sector under different feeding
scenarios, especially in Brazil, is still very important
to fill this gap in knowledge.
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