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ABSTRACT: The objective was to evaluate the impact of producing piglets fed diets with dif-
ferent crude protein (CP) levels through life cycle assessment and experimental data. In Trial I 
(performance), 28 crossbred barrow piglets, with an initial average weight of 15.3 ± 1.15 kg 
were divided into a randomized block design with four treatments, seven replications and one 
animal per experimental unit. In Trial II (nitrogen and phosphorus balance), 20 crossbred barrow 
piglets with an average weight of 21.4 ± 1.62 kg were divided in a randomized block design with 
four treatments, five replications and one animal per experimental unit. Four experimental feeds 
were evaluated: HighCP, CP18, CP17 and LowCP, with 19, 18, 17 and 16 % of CP, meeting the 
requirements of digestible amino acids through industrial amino acid (IAA) addition. From Trial I 
and II data, the environmental impact was calculated for global warming potential, acidification 
potential, eutrophication potential, cumulative energy demand, terrestrial ecotoxicity and land 
occupation (LO). Total nitrogen excretion decreased by 0.226 g d–1 for each 1 g of reduction on 
daily nitrogen intake. However, there was no statistical difference (p > 0.05) among experimental 
treatments for all impact categories. For LO, there was a reduction (p = 0.078) of impact with 
CP reduction, which was 8 % lower with the LowCP diet, in comparison with HighCP. Dietary CP 
reduction for piglets from 15 to 30 kg, through IAA supplementation, reduced the environmental 
impact under LO, considering soybean meal from southern Brazil and observed individual data 
of performance and excretion.
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Introduction

The increasing awareness of climate change 
worldwide has pressured the livestock industry, in-
cluding pig production, to deliver high quality prod-
ucts while reducing its environmental impact. Many 
past and current studies have reported that the reduc-
tion in dietary crude protein (CP), using industrial 
amino acids (IAA), could reduce nitrogen excretion 
by pigs and, consequently, mitigate the environmen-
tal burdens of pig production, as reviewed by Dour-
mad and Jondreville (2007). However, the pig supply 
chain involves a very complex system, which requires 
the production of fertilizers and pesticides for crop 
production, land transformation for crop production, 
a large net of transportation to and from farms, wa-
ter use for animal consumption and farmyard wash-
ing, energy for light and heat and waste management 
(McAuliffe et al., 2016).

Life cycle assessment (LCA) evaluates the envi-
ronmental impact as a whole and has been widely used 
recently in the swine production chain (McAuliffe et 
al., 2016). However, most LCA studies use average in-
put data, adding uncertainties to the results, due to the 
diversity of production systems and farming practices 
(Basset-Mens and van der Werf, 2005; Monteiro et al., 
2017a). Besides, using technical performance indicators 
based on the agroindustry to evaluate the effect of feed-
ing strategies must be done carefully in an LCA study. 

Different researches (Brossard et al., 2009; Brossard et 
al., 2014) have demonstrated the effects of between-an-
imal variability on pig performance and requirements, 
which could affect both performance and excretion.

This raises the question of whether this average 
data can be considered an adequate representation of 
the nutrient excretion by pigs, due to the dynamic phe-
nomenon of dietary nutrient use, which changes over 
the fattening period (van Milgen et al., 2008). In ad-
dition, although several studies have been conducted 
on pig supply chains, to our knowledge, few studies 
have evaluated LCA in nutritional approaches in Brazil 
(Cherubini et al., 2015; Monteiro et al., 2016). There-
fore, this study assessed the environmental impact of 
raising pigs fed with different levels of dietary CP, based 
on LCA methodology with observed individual data of 
performance and excretion.

Materials and Methods

Goal and scope definition
The definition of system and subsystem bound-

aries was derived from Nguyen et al. (2010) and is de-
scribed in Figure 1. LCA considered the activity of piglet 
production, from 15 to 30 kg body weight, in four dif-
ferent scenarios of feed formulation (described below), 
including crop production, grain drying and processing, 
production and transport of feed ingredients, feed pro-
duction at the factory, transport of the feed to the farm, 
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starting pig production, and manure storage, transport 
and spreading (Figure 1). Impacts were calculated at the 
farm gate and the functional unit considered was 1 kg 
of body weight gain (BWG) over the nursery stage. The 
starting pig production system considered was a con-
ventional nursery farm with indoor rearing of castrated 
males on partially slated floor, where manure was kept 
in a pit under the slats during 24 h and scraped daily 
(during the morning) into open slurry tanks without a 
natural crust cover (Cherubini et al., 2015).

Life cycle inventory (LCI)
Resource use and emissions associated with the 

production and delivery of inputs for crop production 
(fertilizers, pesticides, tractor fuel and agricultural ma-
chinery) came from the Ecoinvent database version 3 
(SimaPro LCA software 8.0, PRé Consultants). Energy 
use in the building for light, heating and ventilation was 
considered, but not emissions and resources used for the 
construction of buildings, nor the land occupied by the 
buildings. Veterinary medicines and hygiene products 
were also not included, as proposed by Garcia-Launay 
et al. (2014).

Crop production and non-plant feed components
We assumed that soybean was produced in south-

ern Brazil, the second largest soybean producer in the 
country (CONAB, 2016). However, to perform the cal-
culations for global warming potential (GWP) and cu-
mulative energy demand (CED), the most affected cat-
egories by soybean origin (Monteiro et al., 2016), we 
hypothesized that 98 % of soybean comes mainly from 
the central-western Brazil, as proposed by Cherubini et 
al. (2015). Life cycle inventory for maize and soybean 

came from Alvarenga et al. (2012) and Silva et al. (2010), 
respectively. For soybean meal and soybean oil, the re-
source use and emissions were allocated economically 
(Garcia-Launay et al., 2014).

Data on salt, phosphate, sodium bicarbonate, pre-
mix and limestone used in the diet came from Wilfart et 
al. (2016). The antioxidant and growth promoter were 
assumed to have the same impacts as the premix. L-
lysine HCl, DL-methionine and L-threonine inventory 
data came from Mosnier et al. (2011). Production of L-
tryptophan, L-valine and L-isoleucine were assumed to 
require twice as much the amount of resources and en-
ergy as the production of L-lysine HCl (Garcia-Launay 
et al., 2014).

Transport specifications
The pig production system considered was lo-

cated in southern Brazil, as described by Cherubini et 
al. (2015). This region accounts for more than 50 % of 
the national pig production (FIESC, 2014). For soybean 
from central-western Brazil, we considered 1,475 km of 
average distance, from grain production to feed factory, 
while soybean from the south was transported over 357 
km of distance (Silva et al., 2010). Imported products 
were assumed to be transported mainly by sea followed 
by road (Mosnier et al., 2011).

Feed specifications
The amino acid composition of maize and soy-

bean meal used in the diet formulation were obtained 
through near-infrared spectroscopy – NIRS, by Evonik 
Industries, and the standardized digestibility of amino 
acids coefficients proposed by Rostagno et al. (2011) 
were applied to these ingredients.

Four experimental feeds were evaluated (Table 1), 
with different CP contents: HighCP, CP18, CP17 and 
LowCP, with 19, 18, 17 and 16 % of CP, meeting the nu-
trient requirements proposed by Rostagno et al. (2011), 
adding L-lysine HCl, DL-methionine, L-threonine, L-
tryptophan, L-valine and L-isoleucine to achieve the re-
quirements for SID amino acids (Rostagno et al., 2011). 
Diets were formulated to have the same net energy con-
tent and, at least, 3230 kcal kg–1 of ME (Rostagno et al., 
2011). Sodium bicarbonate was used, when necessary, 
to keep the same electrolyte balance among the experi-
mental diets.

The feed production process at the factory was in-
cluded to the inventory, considering that it was kept in 
the pig production region (Garcia-Launay et al., 2014).

Pig production
All procedures were performed in accordance to 

Brazilian guidelines reviewed and approved by the Eth-
ics Committee of the State University of Maringá (proto-
col No. 7470031215). The Brazilian guidelines are based 
on Federal Law N° 11794 of 8 Oct 2008.

Two trials were carried out in an experimental 
farm located in southern Brazil (Iguatemi, Paraná – lati-

Figure 1 – System boundaries of nursery pig production in southern 
Brazil, from 15 to 30 kg, with main processes for the production 
of crop inputs, crop production, production of feed ingredients and 
feeds, and pig production. 
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rally ventilated room, with large windows controlled by 
curtains. The stalls measured 1.32 m2, with cement floors 
and feeders in the front and partially slatted plastic floor 
with a nipple-type drinker in the back. Diets and water 
were provided ad libitum throughout the experimental pe-
riod. The average daily minimum and maximum temper-
atures recorded in the trial period were 18.9 ± 1.95 °C 
and 33.7 ± 2.03 °C, respectively. The average relative air 
humidity of the experimental period was 69 ± 10 %.

The animals were divided into a randomized block 
design with four treatments, seven replications in time 
and one animal per experimental unit. The piglets were 
weighed at the beginning and end of the trial. We also 
weighed feed supplies and refusals. These data were 
used to calculate feed conversion ratio (FCR), average 
daily gain (ADG) and average daily feed intake (ADFI).

At the end of the trial, backfat thickness and loin 
muscle depth (longissimus thoracis) were measured from 
images between the 7th and 8th thoracic vertebra, using 
ultrasound equipment (coupled with a linear probe of 
3.5 mm) and by using the Biosoft Toolbox II software 
for swine.

Trial II (nitrogen and phosphorus balance): Twen-
ty crossbred barrow piglets (LW × LD) with average 
weight of 21.4 ± 1.62 kg were housed in metabolic cag-
es, in a room with partially controlled environment. The 
average minimum and maximum temperatures record-
ed in the trial period were 23.2 ± 1.13 °C and 27.1 ± 
0.941 °C, respectively. The average relative air humidity 
of the experimental period was 58 ± 21 %. The experi-
mental design was set in a randomized block, replicated 
in time, totaling four treatments and five replications, 
and the experimental unit consisted of one piglet.

The piglets received two daily meals at 07h30 and 
15h30. The total daily amount was determined accord-
ing to the intake in the adaptation phase, based on meta-
bolic weight (BW0.75; Kleiber, 1932). To avoid waste and 
facilitate handling, the diets were moistened with 30 % 
water, and after each meal, water was supplied at the 
feeder at the rate of 3 mL g–1 of feed (considering the 
amount distributed), calculated for each experimental 
unit, to avoid excess of water consumption.

To calculate the nitrogen and phosphorus balance, 
total feces collection was performed for each 2 g ferric 
oxide (Fe2O3) was added to the diets to mark the begin-
ning and end of feces collection. The total amount of 
feces produced was collected daily, stored in plastic bags 
and then kept in a freezer at -18 °C. Urine was totally 
collected daily in plastic buckets containing 20 mL of 
HCl 1:1. A 20 % sample was collected daily and frozen 
at -18 °C.

Analytical procedures
Representative samples of the feeds were ana-

lyzed according to Association of Official Analytical 
Chemists (AOAC, 2005) for dry matter (method 950.05), 
ash (method 942.05), crude fiber (method 962.09) and 
total nitrogen (method 984.13). The phosphorus, copper, 

tude 23°25’ S; 51°57’ O, and altitude 550 m). One to 
determine animal performance (Trial I, from Mar to Aug 
2016) and another to address nutrient excretion (Trial II, 
from Dec 2015 to Mar 2016).

Trial I (performance): We used 28 crossbred barrow 
piglets (Large White × Landrace), with initial average 
weight of 15.3 ± 1.15 kg and final weight of 31.6 ± 2.31 
kg. Pigs were housed in a nursery masonry shed with 
suspended floor, covered with fiber cement tiles in a natu-

Table 1 – Ingredients, chemical composition and environmental 
impacts of diets with reduction on crude protein level.

Experimental feeds
HighCP CP18 CP17 LowCP

Ingredients, %
Maize 64.94 67.95 71.02 74.13
Soybean meal 29.89 26.97 23.95 20.87
Soybean oil 1.445 1.093 0.711 0.315
Dicalcium phosphate 1.977 2.035 2.095 2.157
Limestone 0.455 0.439 0.422 0.405
Premix1 0.400 0.400 0.400 0.400
Salt 0.456 0.348 0.233 0.116
Sodium bicarbonate - 0.158 0.327 0.499
L-Lysine HCl 78 % 0.258 0.350 0.446 0.543
DL-Methionine 99 % 0.070 0.095 0.121 0.148
L-Threonine 99 % 0.076 0.118 0.161 0.205
L-Tryptophan 98 % - 0.011 0.028 0.044
L-Valine 100 % - 0.004 0.057 0.111
L-Isoleucine 100 % - - - 0.003
Antioxidant – BHT 0.010 0.010 0.010 0.010
Growth promoter2 0.020 0.020 0.020 0.020
Chemical composition, %
Metabolizable energy (kcal kg–1) 3279 3263 3246 3230
Net energy (kcal kg–1) 2451 2451 2451 2451
SID lysine 1.093 1.093 1.093 1093
SID methionine 0.333 0.346 0.359 0.372
SID met+cys 0.612 0.612 0.612 0.612
SID threonine 0.689 0.689 0.689 0.689
SID tryptophan 0.201 0.197 0.197 0.197
SID valine 0.799 0.754 0.754 0.754
SID isoleucine 0.725 0.675 0.623 0.601
Calcium 0.768 0.768 0.768 0.768
Digestible phosphorus 0.368 0.368 0.368 0.368
Electrolytic balance (mEq kg–1) 190.9 190.4 190.4 190.4
Life cycle assessment, kg feed3

Acidification, g SO2-eq. 10.4 10.8 11.3 11.8
Eutrophication, g PO4-eq. 4.30 4.30 4.32 4.33
Global warming, g CO2-eq. 401 412 427 446
Energy demand, MJ 5.19 5.38 5.72 6.14
Ecotoxicity, g 1.4-DBC-eq. 4.95 5.03 5.16 5.32
Land occupation, m2 × year 1.09 1.06 1.03 1.00
1Premix should provide at least the following nutrient amounts per kg of feed: 
vitamin A, 6000 IU; vitamin D3, 1800 IU; vitamin E, 30 IU; vitamin K3, 6 mg; 
vitamin B1, 1 mg; vitamin B2, 5.2 mg; vitamin B6, 1.5 mg; vitamin B12, 20 
mg; niacin, 30 mg; pantothenic acid, 18 mg; folic acid, 0.6 mg; biotin, 0.09 
mg; choline chloride, 0.32 mg; methionine, 0.1 g; lysine, 0.28 g; copper, 21 
mg; iodine, 1.4 mg; iron, 0.05 g; manganese, 35 mg; selenium, 0.3 mg; zinc, 
0.12 g; phytase; 2Growth promoter: leucomycin at 30 %; 3Calculated by using 
soybean meal from southern Brazil.



105

Monteiro et al. Piglets nutrition and environment

Sci. Agric. v.76, n.2, p.102-111, March/April 2019

zinc and potassium concentrations in feed samples were 
obtained by using UV-Vis spectrophotometry. Urine and 
feces samples were analyzed for total nitrogen and, for 
feces, for total phosphorus, dry matter, ash and crude 
fiber.

Manure management
The environmental consequences of manure use 

were evaluated by system expansion as described by 
Nguyen et al. (2010). Thus, manure produced was as-
sumed to substitute a certain amount of mineral fertil-
izers, by using a mineral fertilizer equivalency (MFE, 
%). We assumed that the MFE was 75 % of total nitro-
gen in manure (Nguyen et al., 2010), with 5 % extra 
loss as nitrates compared to mineral fertilizers (Garcia-
Launay et al., 2014), and MFE was 100 % for phospho-
rus (Sommer et al., 2008).

Life cycle impact assessment

Emissions from animal production
Air emissions during swine production were es-

timated systematically for NH3, N2O, NOx and CH4, as 
described by Monteiro et al. (2016). The NH3 emissions 
from the building and during manure storage were 
calculated according to emission factors proposed by 
Rigolot et al. (2010), considering the effect of room 
temperature. The amounts of nitrogen, phosphorus and 
organic matter excreted by the pigs were obtained from 
laboratory analyses.

Characterization factors
We based our analyses on the CML 2001 (base-

line) method V3.02 as implemented in Simapro soft-
ware (version 8.05) and added the following categories: 
land occupation from CML 2001 (all categories) version 
2.04 and total cumulative energy demand version 1.8 
(non-renewable fossil + nuclear). Thus, we considered 
the potential impacts of pig production on GWP (kg 
CO2-eq.), eutrophication potential (EP, g PO4-eq.), acidi-
fication potential (AP, g SO2-eq.), terrestrial ecotoxicity 
(TE, g 1,4-DCB-eq.), CED (MJ), and land occupation 
(LO, m2 y–1). The GWP was calculated according to the 
100-year global warming potential factors in kg CO2-eq.

Calculations and statistical analyses
We calculated the average nitrogen and phospho-

rus retention coefficient for each diet from the balance 
data in Trial II (Table 2). These coefficients were then 
used to determine nitrogen and phosphorus excretion 
in Trial I, according to the actual nutrient intake of each 
pig (Table 2). The LCA calculations were performed for 
each pig according to its individual performance and 
excretion from 15 to 30 kg BW on average. These cal-
culations were performed using a calculation model de-
veloped with SAS software (Statistical Analysis System, 
version 9.2).

Performance responses and environmental im-
pacts were subjected to variance analysis using the 
GLM procedure (Statistical Analysis System, version 
9.2). The statistical model included effects of CP level 

Table 2 – Nitrogen and phosphorus balance of piglets fed diets with different contents in crude protein and amino acid supplementation (Trial II).
Experimental feeds

RMSE p-value
HighCP CP18 CP17 LowCP

Number of pigs 5 5 5 5
Nitrogen balance (g d–1)
Intake 23.1 21.9 20.6 18.1 1.01 0.001
Excreted 8.22 6.64 6.28 5.84 0.639 0.001
Feces 2.58 2.36 2.38 2.21 0.413 0.832
Urine 5.64 4.28 3.90 3.63 0.599 0.004
Retention (% of N intake)1 63.4 69.5 69.5 67.7 4.18 0.104
Phosphorus balance (g d–1)
Intake 4.23 4.25 3.48 3.15 0.199 0.001
Excreted 2.15 2.22 1.93 1.86 0.453 0.686
Retention (% of P intake)1 49.2 47.8 44.5 41.0 12.1 0.826
Regression equations2 R2

As function of CP content
Nitrogen intake (g d–1) - 2.74945 + 1.38183 * CP% 0.96
N excreted in urine (g d–1) - 4.90280 + 0.54024 * CP% 0.86
Total N excreted (g d–1) - 4.08593 + 0.63160 * CP% 0.87
Phosphorus intake (g d–1) - 2.08301 + 0.34180 * CP% 0.75
As function of N intake
N excreted in urine (g d–1) 1.71057 + 0.12654 N intake g d–1 0.21
Total N excreted (g d–1) 2.02026 + 0.22555 N intake g d–1 0.47
RMSE = root-mean-square error; 1Retention coefficients obtained from Trial II (by feed and manure analysis) were applied on nutrient intake measured in Trial I, in 
order to estimate nitrogen (N) and phosphorus (P) excretion in the performance essay; 2Regressions equations adjusted for dietary crude protein (CP) content and N 
intake. 
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and block. When the dietary effect was significant, we 
subjected the variable to the regression analysis. The 
degrees of freedom from the CP level parameter were 
divided into polynomials. The initial body weight of 
the piglets was used as a covariate for the statistical 
analysis of ADFI, ADG, FCR, backfat thickness and 
loin depth. The feed intake during the trial was used 
as a covariate for the LCA variables. All analyses were 
performed using SAS version 9.2 (Statistical Analysis 
System, version 9.2).

The β error of LCA parameters was used to help 
explain p-values from 5 to 10 % of significance. This 
procedure was performed by using the power of the 
ANOVA test of R package.

Results

Animal performance, nitrogen and phosphorus 
balance

The reduction in dietary CP did not significantly 
affect (p > 0.05) the performance of piglets. The varia-
tion in ADFI and ADG was below 6 % between the ex-
perimental treatments (Table 3). Backfat thickness and 
loin depth were also not affected by dietary CP reduc-
tion (p = 0.621 and p = 0.703, respectively) and the 
estimated lean percentage was around 60 %.

Nitrogen intake (p = 0.001), nitrogen excreted in 
urine (p = 0.004) and total nitrogen excreted (p = 0.001), 
declined linearly with the decrease in dietary CP con-
tent (Table 2). Phosphorus intake was also reduced with 
the decrease in dietary CP (p = 0.001). Despite the lower 
ingestion and excretion, retention coefficients were not 
significantly affected (p = 0.104 for nitrogen and p = 
0.826 for phosphorus) by dietary CP reduction. Nitrogen 
excreted in feces and phosphorus excreted were not af-
fected (p = 0.832 and p = 0.686, respectively) by dietary 
CP reduction (Table 2).

The amount of nitrogen excreted in urine could 
be predicted as a function of nitrogen intake (in g d–1): 
Nurine = 1.71057 + 0.12654 N intake g d–1, as well as 
total nitrogen excreted: Nexcreted = 2.02026 + 0.22555 
N intake g d–1 (Table 2).

Life cycle impacts
The dietary CP reduction was achieved by replac-

ing soybean meal with maize and IAA (Table 1). For im-
pact categories, GWP, AP, EP, CED and TE, CP reduction 
increased the environmental impact per kg of feed. LO 
was the only impact that reduced when dietary CP de-
creased.

Global warming potential and cumulative energy 
demand

No differences were found for GWP (p = 0.831) 
and CED (p = 0.164) among dietary treatments, regard-
less of the origin of soybean meal. When soybean comes 
from the South, the average values ranged between the 
experimental treatments from 1.76 to 1.77 kg CO2-eq. 
per kg BWG for GWP and from 17.8 to 19.6 MJ-eq. per 
kg BWG for CED (Table 4). When soybean from the Cen-
tral West was used, GWP values increased up to 2.45 to 
2.27 kg CO2-eq. per kg BWG, and up to 22.1 to 20.9 MJ 
per kg BWG for CED.

The main processes contributing to impacts were 
feed production (production and transport of feed in-
gredients, feed processing at the factory and transport 
to the farm), animal housing, and manure management 
(storage, transport and spreading; Figure 2). Manure 
management had the highest contribution to GWP (50 
%), followed by feed production (42 %), whereas, for 
CED, feed production was the main contributor (54 %) 
followed by animal housing (48 %).

Table 3 – Performance, backfat thickness and muscle depth 
(longissimus thoraces) of piglets fed diets with different contents 
in crude protein and amino acid supplementation (Trial I).

Experimental feeds
RMSE p-value

HighCP CP18 CP17 LowCP
Number of pigs 7 7 7 7
Initial BW, kg 15.0 15.1 15.5 15.7 1.128 0.461
Final BW, kg 30.6 32.6 31.0 32.1 1.35 0.701
Backfat thickness, mm 5.17 5.84 5.98 5.28 0.114 0.621
Muscle depth, mm 25.3 28.3 25.9 26.3 0.248 0.703
Lean %1 60.5 60.5 60.4 60.5 0.103 0.614
ADG, kg 0.717 0.754 0.712 0.738 0.062 0.665
FCR, kg kg–1 1.77 1.79 1.79 1.80 0.166 0.991
ADFI, kg 1.27 1.35 1.28 1.32 0.109 0.794
BW = body weight; ADG = average daily gain; FCR = feed conversion ratio; 
ADFI = average daily feed intake; RMSE = root-mean-square error; 1Lean% 
= 60.69798 – 0.89211 * backfat + 0.10560 * Muscle depth (Vítek et al., 
2008).

Table 4 – Potential environmental impacts, per kg of body weight 
gain, of piglets from 15 to 30 kg, fed diets with different contents 
in crude protein and amino acid supplementation.

Experimental feeds
RMSE p-value 1-β1

HighCP CP18 CP17 LowCP
%

Number of pigs 7 7 7 7
GWP, kg CO2-eq. SO 1.76 1.76 1.77 1.77 0.138 0.831 5.15

CW 2.45 2.39 2.34 2.27 0.182 0.139 28.8
AP, g SO2-eq. 33.2 30.0 30.4 30.8 3.44 0.180 28.5
EP, g PO4-eq. 11.3 10.5 10.4 10.3 1.04 0.111 31.6
CED, MJ-eq. SO 17.8 17.6 19.3 19.6 1.49 0.164 67.6

CW 20.0 21.1 21.5 22.5 2.89 0.618 21.6
TE, g 1,4-DCB-eq. 4.68 4.82 4.95 5.17 0.417 0.470 39.6
LO, m2 yr–1 2.06 2.00 1.96 1.89 0.150 0.078 36.0

GWP = global warming potential; AP = acidification potential; EP = 
eutrophication potential; CED = cumulative energy demand; TE = terrestrial 
ecotoxicity; LO = land occupation; SO = impact was calculated by using 
soybean meal from south Brazil; CW = Calculated by using soybean meal from 
central-western Brazil; RMSE = root-mean-square error; 1Power of statistical 
test considering alpha = 5 %. 
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Potentials of acidification and eutrophication
The average values ranged from 30.0 to 33.2 g SO2-

eq. per kg BWG for AP and from 10.3 to 11.3 g PO4-eq. 
per kg for BWG for EP (Table 4). Despite these varia-
tions, no significant differences were observed between 
the experimental feeds (p = 0.180 and p = 0.111, re-
spectively).

For both categories, feed production had the high-
est contribution to impacts (65 and 77 % for AP and EP, 
respectively), followed by animal housing (24 and 15 % 
for AP and EP, respectively).

Terrestrial ecotoxicity and land occupation
Dietary CP reduction did not affect TE impact (p 

= 0.470); however, it reduced LO (p = 0.078) according 
to the power of statistical test (β = 64 %), with values 
ranging from 4.68 to 5.17 g 1,4-DBC-eq. per kg BWG for 
TE and from 1.89 to 2.06 m2 × year per kg BWG for LO 
(Table 4).

Dietary CP reduction did not affect TE impact 
(p = 0.470), with values ranging from 4.68 to 5.17 g 
1,4-DBC-eq. per kg BWG (Table 4). However, this strat-
egy reduced LO (p = 0.078), with values ranging from 
1.89 to 2.06 m2 × year per kg BWG for LO (Table 4). 
Once the p-value of LO was between 5 and 10 %, we 
used the power of the statistical test (β = 64 %) to as-
sume statistical difference for this parameter.

For both categories, feed production was the main 
contributor (91 and 100 % for TE and LO, respectively). 
TE was also related to manure management (9 %), but 
with a rather low contribution (Figure 2).

Discussion

Performance, nitrogen and phosphorus balance
Similar to the results of this study, Toledo et al. 

(2014) did not observe any differences in performance-
related variables of piglets weighing 6-15 kg, by de-

creasing dietary CP levels, despite using piglets in 
different production stage. The amino acid imbalance 
may negatively influence feed intake (Park, 2006) and, 
consequently, performance. As this did not occur in our 
experiment, it can be inferred that the IAA addition 
was effective in keeping protein quality and perfor-
mance.

Low dietary CP diets might provide the animals 
with less energy spent on amino acid deamination, less 
urea excretion in urine and lower heat production (No-
blet et al., 2001), resulting in more net energy available 
to be deposited in the carcass as fat. However, in our 
study, pigs fed with low CP diets did not show increased 
backfat thickness, as diets were formulated to provide 
the same amount of net energy, exempting the effects 
mentioned above.

The linear reduction in nitrogen intake and ex-
cretion, with CP reduction, corroborates previous re-
search in weaning piglets (Gloaguen et al., 2014; Toledo 
et al., 2014) and in growing pigs (Andretta et al., 2014; 
Monteiro et al., 2017b). The National Research Coun-
cil (NRC, 2012) suggested that for each percentage unit 
of dietary CP reduction, nitrogen excretion can be ex-
pected to decrease by 8 %, due to the lower amino acid 
deamination and, consequently, lower urea excretion in 
urine. The same reduction was found in our study in 
which each percentage point of CP reduction (from 19 
to 16 % of CP), reduced on average total nitrogen excre-
tion by 10 %.

According to the regression equations adjusted for 
nitrogen intake (Table 2), nitrogen excretion in urine in-
creased by 0.127 g d–1 for every 1 g increase in the daily 
nitrogen intake. For total nitrogen excretion, an increase 
of 0.226 g d–1 was estimated for every 1 g increase in the 
daily nitrogen intake. Therefore, the higher the nitrogen 
intake, the higher the nitrogen excretion.

Life cycle impacts
The hypothesis to reduce environmental impacts 

of piglet production through CP reduction was not vali-
dated by our results, as there was no statistical differ-
ence among experimental treatment for the LCA cate-
gories. These results could be attributed to the lack of 
difference in animal performance (Table 3), since envi-
ronmental impacts are highly dependent on feed intake 
and final values are expressed per kg of BWG. Although 
there was no significant differences, some trends could 
be observed in agreement with results obtained in fat-
tening pigs (Garcia-Launay et al., 2014). However, in the 
literature, most LCA is performed on average data with-
out any statistical analysis.

Global warming potential and cumulative energy 
demand

The increase in GWP impact per kg of feed when 
dietary CP is reduced and soybean from southern Brazil 
was used (Table 1) is related to higher IAA addition and 
replacement of soybean meal by maize. Global warming 

Figure 2 – Relative contribution of the different processes (%) to 
impacts on global warming potential (GWP), acidification potential 
(AP), eutrophication potential (EP), cumulative energy demand 
(CED), terrestrial ecotoxicity (TE) and land occupation (LO), 
considering soybean meal from southern Brazil.
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potential associated with IAA production is higher per 
kg of product than for grain or soybean meal production 
(Ogino et al., 2013).

The benefits of the IAA addition related to the re-
duction of nitrogen excretion during housing and, conse-
quently, lower nitrogen gaseous emissions, might com-
pensate for the higher impact of low CP diet. However, 
this was not observed in our study, since no significant 
difference was observed for GWP among dietary treat-
ments (Table 4). This could be related to the hypothesis 
for the soybean origin. When we assumed that 98 % 
of the soybean was produced in central-western Brazil 
with recent deforestation, the reduction in the dietary 
CP led to the reduction in GPW, although not significant 
(Table 4). Silva et al. (2010) showed that CO2-eq. emis-
sions due to the effect of land use change because of 
rainforest conversion in crop areas, increasing GWP of 
soybean meal. In this situation, replacing soybean meal 
by cereals and IAA seems an interesting strategy to re-
duce GWP impact, as shown by Kebreab et al. (2016) 
and Monteiro et al. (2016).

However, the Brazilian government and the in-
dustrial sector have made efforts to identify soybean 
produced in deforested areas from the Amazon Biome, 
using the Soy Moratorium (ABIOVE, 2016). Therefore, 
soybean production in these areas has reduced in recent 
years (Gibbs et al., 2015), which justifies the use of soy-
bean from non-deforested areas, in current and future 
evaluations of Brazilian scenarios.

Manure management had the greatest contribu-
tion to GWP impact (Figure 2), due to the direct effect 
of room temperature on the amount of methane emitted 
during manure storage (Rigolot et al., 2010) and meth-
ane is a gas with GWP 25 times higher than that of CO2 
(IPCC, 2007).

Experimental feeds with high IAA addition 
showed higher CED, per kg of feed (Table 1). This was 
expected, because according to Mosnier et al. (2011) and 
Kebreab et al. (2016), the production of IAA and phytase 
demands high amounts of non-renewable energy. De-
spite this high contribution of feed production to CED 
impact (almost 54 %; Figure 2), the IAA addition did not 
significantly affect CED per kg BWG.

Garcia-Launay et al. (2014) observed a reduction 
of CED impact of fattening pig production in France 
when dietary CP content was reduced. However, the 
authors took into account that 100 % of soybean was ob-
tained from Brazil (mainly from the Central West) with a 
high-energy demand at the transport step. In our study, 
when we hypothesized that most soybean (98 %) came 
from the Central West, we did not find the same trend 
(Table 4). This could be due to the worst feed conversion 
ratio for piglets fed with reduction in dietary CP (Table 
3). As mentioned before, feed intake represents 54 % of 
CED impact, expressed per kg of BWG.

Considering 100 % of soybean production in 
southern Brazil, the same region of pig production, 
Monteiro et al. (2016) also observed an increase in CED 

impact per kg BWG when dietary CP was reduced. The 
difference in CED impact between high and low CP di-
ets found by these authors was slightly lower than 9 %, 
a value close to the difference observed in our study for 
soybean from the south (9 %; Table 4). However, the dif-
ference was significant in their study probably because 
the authors used simulated data from 2,000 pigs and in 
our study the number of pigs per treatment was seven.

Our results are in agreement with Kebreab et al. 
(2016) and Monteiro et al. (2017b), who also did not ob-
serve differences of CED between diets with different 
CP and total phosphorus levels. Kebreab et al. (2016) 
concluded that the high non-renewable energy used dur-
ing IAA production could be an area where the indus-
trial sector could act to reduce impacts.

Potential of acidification and eutrophication
The reduction of dietary CP content led to a slight 

increase in AP and EP impacts per kg of feed (Table 1). 
This result was also observed in previous studies (Mos-
nier et al., 2011; Garcia-Launay et al., 2014; Mackenzie 
et al., 2016; Monteiro et al., 2016, 2017b).

Feed production showed the highest contribution 
for AP and EP impacts (Figure 2), which is consistent 
with the results reported by other authors (Basset-Mens 
and van der Werf, 2005; Garcia-Launay et al., 2014). 
Although low CP diets showed higher AP and EP im-
pacts, per kg of feed, several authors reported that these 
diets could modify several steps of pig chain, reducing 
the amounts of nitrogen excreted, consequently, reduc-
ing nitrogen gas emissions during housing and manure 
management (Garcia-Launay et al., 2014; Monteiro et 
al., 2016), as well as nitrate losses during manure ap-
plication.

Nitrogen and phosphorus contribute to the eutro-
phication process and nitrogen contributes to the acidi-
fication process by ammonia emissions (Guinée et al., 
2002). For this reason, most research evaluating the ef-
fect on dietary CP reduction for pigs reported a reduc-
tion on AP and EP with low CP diets (Ogino et al., 2013; 
Garcia-Launay et al., 2014; Mackenzie et al., 2016; Ke-
breab et al., 2016). In the above-mentioned researches, 
data were not evaluated statistically and the effect of 
between-animal variability was also not taken into ac-
count. Similar trends were observed in our study with 
about 9 % reduction of AP and EP impacts per kg of 
BWG; however, the differences were not significant.

Terrestrial ecotoxicity and land occupation
The high TE per kg of feed (Table 1) in low CP di-

ets was related to higher IAA addition. Copper and zinc 
are the elements that most contribute to the TE impact 
(Guinée et al., 2002) and are found in small amounts in 
fertilizer and herbicides used during grain production, 
compared to their amount during IAA manufacturing. 
Garcia-Launay et al. (2014) calculated that TE impact for 
L-lysine manufacturing was 82 % higher than for soy-
bean meal production. For the other IAA (L-tryptophan, 
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DL-methionine and L-valine), the authors estimated an 
impact 91 % higher than soybean meal. In this context, 
because feed production contributed to more than 90 % 
of total TE impact (Figure 2), the diet with LowCP with 
the highest IAA addition, presented a 9 % higher TE 
impact per kg BWG, compared to HighCP diet, although 
the differences between treatments were not significant. 
These results are in agreement with the results observed 
in previous studies by Garcia-Launay et al. (2014) and 
Monteiro et al. (2016) who observed a 4 - 11 % increase 
of TE impact of fattening pig production with low CP 
feeding strategies.

Regarding LO, the increase in IAA addition re-
duced the impact per kg of feed (Table 1), once low CP 
diets resulted in lower soybean inclusion and higher 
maize and IAA inclusion. Considering the grain produc-
tion in Brazil, Silva et al. (2014) reported LO impact for 
soybean meal more than twice as high as for maize.

Due to the high contribution of feed production 
to LO impact (Figure 2), which is 100 %, reducing the 
impact per kg of feed, consequently reduced the LO 
impact of piglet production (Table 4). The reduction in 
LO through IAA addition in pig diets has already been 
demonstrated in fattening pigs or during the entire pig 
production system (Mosnier et al., 2011; Garcia-Launay 
et al., 2014; Monteiro et al., 2016).

Potential for reducing environmental impacts 
through crude protein reduction

As mentioned earlier, the huge challenge for 
livestock production is to meet the growing demand 
for food in the next decades, without compromising 
environmental integrity. The reduction of dietary CP 
through the IAA addition has been considered as an effi-
cient strategy to reduce the environmental impact of pig 
production (Dourmad and Jondreville, 2007), because it 
reduces nitrogen excretion. Recently, with LCA applica-
tion in livestock production, this strategy continued to 
be considered effective to reduce the impact under some 
categories, such as acidification and/or eutrophication 
(Eriksson et al., 2005; Ogino et al., 2013; Garcia-Launay 
et al., 2014; Kebreab et al., 2016; Mackenzie et al., 2016; 
Monteiro et al., 2016).

For GWP impact, reducing dietary CP has also 
been found to be efficient in many studies (Eriksson 
et al., 2005; Ogino et al., 2013; Garcia-Launay et al., 
2014; Cherubini et al., 2015; Mackenzie et al., 2016). 
However, more recent studies have shown that this 
strategy is mainly effective when protein-rich ingredi-
ents with high impact are used, for instance soybean 
meal associated with deforestation or transported at 
long distances, regardless of the pig production con-
text considered in the LCA (Kebreab et al., 2016; Mon-
teiro et al., 2016).

Almost all these results were obtained on fat-
tening pigs. The results in our study obtained on post-
weaning piglets are overall in line with the results found 
for fattening pigs. The results of reducing dietary CP on 

GWP and CED are limited with even a tendency to have 
increased impact on low CP diets. Differences are more 
pronounced for EP, AP ad LO, with about 9 % reduction 
with low CP diets. However, due to the variability be-
tween animals, most of these differences are not statisti-
cally significant.

Another point observed in our study is the lack of 
national IAA production, which contributes to increas-
ing the impact under CED of Brazilian pig production, 
once IAA must be imported, except for L-lysine. From 
the moment that IAA is produced nationally, low CP di-
ets could present an environment benefit in pig produc-
tion, given CED and TE reduction.

Conclusions

Our results indicated that the dietary CP reduc-
tion for piglets from 15 to 30 kg of BW, through the 
IAA supplementation, reduced the environmental im-
pact under LO, considering soybean meal from south-
ern Brazil.

The use of observed individual data of perfor-
mance and excretion to perform the LCA did not pro-
vide differences statistically significant for most impact 
categories, due to the variability between animals.
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