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Introduction 
The pig production industry is currently facing many challenges. These include the need of a 

higher feed efficiency to reduce environmental pollution caused by the emission of nitrogen 

(N) and phosphorus (P). There is a high level of interest across all disciplines in focusing on N- 

and P-emissions due to the oversupply in animal feed and the need to improve feed and nutrient 

utilization efficiency (Capper 2020). Specific efficiency traits such as feed conversion ratio 

(FCR) and residual feed intake (RFI) have been studied to evaluate feed efficiency (Koch et al. 

1963; Kasper 2024). Also, feeding behavior traits show high genetic and phenotypic 

correlations (rg, and rp) to feed efficiency traits and can potentially be used as alternatives (Lu 

et al. 2017). There are several measurement methods available for studying the effects of 

intrinsic and extrinsic factors, as well as genotype-environment interactions (G×E), on feed 

efficiency. It has already been shown that animals can express different phenotypic 

performances under varying housing and diet conditions (Godinho et al. 2018).  

This study aimed to evaluate the influence of an N- and P- reduced diet in two different pig 

breeds and to identify possible G×E in different traits using purebred and crossbred pigs.  

 

Material & Methods  
Study design. For this study, 1,100 purebred Landrace boars (PB) and 883 crossbred Pietrain 

x F1 (CB) pigs, comprising 439 males and 444 females, were divided into two feeding groups. 

In total 621 PB and 439 CB animals received a control diet (CON) following the routines of the 

performance test stations in Germany, while 479 PB and 444 CB animals received reduced N- 

and P- feeding (LPP). The diet of the control group (CON) was adapted based on the live weight 

of the pigs and contained crude protein and P at levels ranging from 187 to 171 g/kg DM (CP) 

and 6 to 5.5 g/kg DM (P), respectively. The N- and P- reduced diet (LPP) contained ~10% less 

CP and ~7% less P, in line with the recommendations of the (DLG, 2019). 

 

Traits. Different feeding behavior (FB) traits were extracted from the recordings of the 

automatic feeders in the testing stations. These traits were average occupation time per visit in 

the feeder (AOTD), average occupation time per day in the feeder (AOTV), average number of 

daily visits (ANDV), average feeding rate per day (ADFR), average feeding rate per visit 

(AFRV), and average feed intake per visit (AFIV) following Lu et al (2017). Additionally, feed 

efficiency traits (FE) were recorded, including average daily feed intake (ADFI), residual feed 

intake (RFI), residual growth (RG), feed conversion ratio (FCR), daily gain (DG), and the feed 

consumed in total during the fattening process (FIT). Finally, carcass traits (CA), including lean 

meat content in total (LMC) and lean meat content in the belly (LMCB), intramuscular fat 

content (IMF), and drip loss (DP), were recorded. All traits were recorded for the PB animals, 

while FB traits were not available for the CB animals. 
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Statistical analyses and variance component estimation. First, the phenotypic performance 

for the different diet and breed groups was evaluated by estimating the least-squares means 

(LSMeans) in R (Version 4.1.3). The LSMeans of the CON group were subtracted from the 

LSMeans of the LPP group to show the differences. Thereafter, variance component (VC) 

estimation was performed in ASReml based on model 1, shown below (Gilmour, et al. 2009).  

y=Xb+Z1a+ Z2pe +e         (1) 

where y is the vector with phenotypic recordings, X and Z are incidence matrices, b is the vector 

of fixed effects including, group, sex, age, weight and season (sex only included for CB 

animals), a is the vector of random effects considering the animal where a ~ N(0,A𝜎𝑎
2) where 

A is the numerator relationship matrix, pe is the vector for the random effect of the pen-room 

effect (PRE) which combines the used pens, rooms and season classes, with pe ~ N(0, Ipe𝜎𝑝𝑒
2 ) 

(only considered in univariate model due to low effects), and e is the vector of residuals with 

e ~ N(0, Ie𝜎𝑒
2). 

Heritabilities (h2) were estimated using a univariate model and rg and rp were calculated using 

a multivariate model across all traits. A bivariate model was used, where the traits were divided 

by the feeding group of the pigs. The genetic correlation between the traits was estimated. A 

significant G×E was assumed when rg < 0.80 (Robertson 1959). 

 

Genotyping and GWAS. Genomic DNA was isolated from skin or muscle tissue samples 

collected routinely after slaughter. All pigs in the study were genotyped using the Porcine 70k 

ggp porcine Illumina© HD array. Quality control was performed using PLINK (Purcell et al. 

2007), accounting for low call rate (CALL > 0.95) and low minor allele frequency (MAF > 

0.05). SNPs were annotated on the Pig Sscrofa 11.1 (International Swine Genome Sequencing 

Consortium, Warr et al. 2020). A Genome-Wide Association Study (GWAS) was performed 

with the package GCTA (Yang et al. 2011).  

 

Results & Discussion 
Phenotypic performance. Table 1 shows the differences in phenotypic performances between 

the diet groups in PB and CB animals. For the FB traits, only collected in PB pigs, significant 

differences between the CON and LPP groups were observed. Significant differences were also 

identified for DG and FIT, both showing favorable values for pigs in the CON group. The 

analyses of the CA traits showed little effect of the diet groups, with only DP being significantly 

affected in PB pigs. In CB animals, our study revealed significant different performances for 

all traits except RG. Wang et al. (2019) reported, in contrast to most of our results, no 

differences between feeding groups. 

 

Variance component estimation. The h2 for FB traits ranged from 0.39 to 0.66 in the analysis 

of the PB pigs (Tab. 2). The h2 for FE and CA traits aligned with the literature, ranging from 

0.34 to 0.57 and 0.24 to 0.72, respectively. These results showed comparable values to another 

study investigating similar traits in a different breed (Lu et al. 2017). The h2 ranged from 0.19 

to 0.38 in CB animals, also in line with the literature (Saintilan et al. 2013).  

Our study regarding G×E in the PB pigs revealed a rg < 0.80 and, thereby according to the 

definition of Robertson (1959), a significant G×E for AOTD, ADFR, AOTV, AFRV, and IMF. 

In the analysis of the CB animals, a significant G×E was observed for ADFI, RG, and IMF. 

Little is known about FB traits because they are not routinely investigated in G×E studies. The 

phenotypic differences in our study were confirmed by the significant G×E, they indicate that 

PB pigs adapt their feeding behavior to the N-/P-reduced diets. However, other studies did not 

confirm a G×E of feed efficiency traits when investigating pigs fed with different diets 

(Godinho et al. 2018). In Godinho et al. (2018), the definition for a significant G×E was 

different from that in this study, but the shown correlations are comparable to the rg in this 
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study. The results from multivariate analysis to calculate the rg and rp across all traits were in 

agreement with those shown in the literature (Fornós et al. 2022). 

 

Table 1. Phenotypic differences between LPP and CON group  
 Trait1 Differences2 PB  Differences2 CB  
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io

r 

AOTD (sec) -183.91 (37.13)  *** -  

ANDV -2.47 (0.40)  *** -  

ADFR (g/ visit) -17.89 (4.10)  *** -  

AFIV (g/ visit) 13.99 (3.51)  *** -  

AOTV (sec/ visit) 38.01 (7.14)  *** -  

AFRV (g/ visit) 35.18 (5.38)  *** -  

F
ee

d
 E

ff
ic

ie
n

cy
 ADFI (g/ day) -15.44 (12.75)   52.25 (12.11)  *** 

RFI 0.33 (13.03)  0.02 (0.01)  * 

RG 1.32 (6.21)  0.27 (2.51)  

FCR (kg/ kg) 0.01 (0.01)  0.12 (0.01)  *** 

DG (g/ day) -14.39 (4.48)  *** -21.92 (4.47)  *** 

FIT (kg) -5.05 (1.37)  *** 9.77 (1.63)  *** 

C
ar

ca
ss

 

T
ra

it
s 

LMC (%) -0.34 (0.21)   -0.99 (0.14)  *** 

LMCB (%) -0.28 (0.27)  -0.87 (0.18)  *** 

IMF (%) 0.002 (0.84)  0.34 (0.11)  *** 

DP (ml) 0.24 (0.06)  *** 0.34 (0.11)  *** 
1Traits: AOTD: average occupation time per day, ANDV: average number of daily visits, ADFR: average daily 

feeding rate, AFIV: average feed intake per visit, AOTV: average occupation time per visit, AFRV: average 

feeding rate per visit, ADFI: average daily feed intake, RFI: residual feed intake, RG: residual growth, FCR: feed 

conversion ratio, DG: daily gain, FIT: feed intake total, LMC: lean meat content total, LMCB: lean meat content 

belly, IMF: intramuscular fat content, DP: driploss;  
2LSMeans LPP – LSMeans CON, significance: p < 0.001 “***”, p < 0.01 “**”, p < 0.05 “*” 

 

Table 2. Heritabilities from the univariate model and genetic correlation from the bivariate 

model for PB and CB animals.  
 Trait1 Heritability PB Heritability CB rg PB rg CB 

F
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AOTD 0.56 (0.08) - 0.74 (0.18) - 

ANDV 0.54 (0.08) - 0.87 (0.12) - 

ADFR 0.39 (0.08) - 0.68 (0.17) - 

AFIV 0.39 (0.08) - 0.84 (0.16) - 

AOTV 0.66 (0.08) - 0.19 (0.20) - 

AFRV 0.66 (0.08) - 0.21 (0.12) - 

F
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ADFI 0.49 (0.08) 0.31 (0.07) 0.88 (0.12) 0.69 (0.17) 

RFI 0.34 (0.07) 0.35 (0.08) 0.93 (0.22) 0.96 (0.14) 

RG 0.38 (0.08) 0.19 (0.06) 0.95 (0.21) 0.54 (0.26) 

FCR 0.57 (0.08) 0.30 (0.07) 0.99 (0.12) 0.91 (0.11) 

DG 0.52 (0.08) 0.38 (0.08) 0.87 (0.11) 0.87 (0.11) 

FIT 0.49 (0.08) 0.36 (0.08) 0.88 (0.12) 0.85 (0.13) 

C
ar
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ss
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LMC 0.67 (0.09) 0.42 (0.09) 0.92 (0.10) 0.85 (0.12) 

LMCB 0.71 (0.09) 0.45 (0.09) 0.81 (0.19) 0.98 (0.10) 

IMF 0.44 (0.11) 0.72 (0.10) 0.41 (0.62) 0.79 (0.09) 

DP 0.06 (0.08) 0.24 (0.06) 0.93 (0.32) 0.82 (0.82) 
1Traits: AOTD: average occupation time per day, ANDV: average number of daily visits, ADFR: average daily 

feeding rate, AFIV: average feed intake per visit, AOTV: average occupation time per visit, AFRV: average 

feeding rate per visit, ADFI: average daily feed intake, RFI: residual feed intake, RG: residual growth, FCR: feed 

conversion ratio, DG: daily gain, FIT: feed intake total, LMC: lean meat content total, LMCB: lean meat content 

belly, IMF: intramuscular fat content, DP: drip loss 
2genetic correlation between traits divided by their feeding regime, significant G×E with rg < 0.80 

 

The GWAS revealed 207 significant SNP across all traits and experimental groups. The analysis 

within feeding groups indicated that different genomic regions might be relevant depending on 
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the diet. However, due to the limitation of the total number of animals in the study, no 

significant regions could be confirmed.  

 

Conclusion 
This study investigated the consequences of nitrogen and phosphorus reduced feeding on 

feeding behavior, feed efficiency and carcass traits in pigs. It was shown across purebred and 

crossbred pigs, that feeding behavior traits responded strongly to different diets. For some 

genetic backgrounds (CB) the carcass traits were stronger affected when feeding an N-/P- 

reduced diet. The study gives an overview on genetic parameters and the impact of the diet in 

genetically different pigs. All results will further be validated including more detailed GWAS.  
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