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Genetic parameters for residual feed intake in a random 
population of Pekin duck
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Objective: The feed intake (FI) and feed efficiency are economically important traits in 
ducks. To obtain insight into this economically important trait, we designed an experiment 
based on the residual feed intake (RFI) and feed conversion ratio (FCR) of a random population 
Pekin duck. 
Methods: Two thousand and twenty pedigreed random population Pekin ducks were 
established from 90 males mated to 450 females in two hatches. Traits analyzed in the 
study were body weight at the 42th day (BW42), 15 to 42 days average daily gain (ADG), 
15 to 42 days FI, 15 to 42 days FCR, and 15 to 42 days RFI to assess their genetic inter-
relationships. The genetic parameters for feed efficiency traits were estimated using restricted 
maximum likelihood (REML) methodology applied to a sire-dam model for all traits using 
the ASREML software.
Results: Estimates heritability of BW42, ADG, FI, FCR, and RFI were 0.39, 0.38, 0.33, 0.38, 
and 0.41, respectively. The genetic correlation was high between RFI and FI (0.77) and 
moderate between RFI and FCR (0.54). The genetic correlation was high and moderate 
between FCR and ADG (–0.80), and between FCR and BW42 (–0.64), and between FCR 
and FI (0.49), respectively. 
Conclusion: Thus, selection on RFI was expected to improve feed efficiency, and reduce 
FI. Selection on RFI thus improves the feed efficiency of animals without impairing their 
FI and increase growth rate.
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INTRODUCTION

Feed costs contribute a major portion to the total cost of livestock production. Improvement 
in feed efficiency would reduce the amount of feed required for growth, the production cost 
and the amount of nitrogenous waste. Feed efficiency is usually expressed as the amount of 
feed intake (FI) per body weight gain (BWG), which is also known as feed conversion ratio 
(FCR). Feed efficiency has traditionally been improved through selection for decreased FI 
and increased growth. Feed efficiency is difficult to measure with high labor and equipment 
costs because the ducks are raised in groups on the floor. But an improvement in feed efficiency 
is important because it may reduce the production costs in ducks, lower their feed requirements 
for growth was well decreasing nitrogenous waste production [1]. 
 Koch et al. [2] was the first to introduce the concept of adjusting FI for performance traits 
with the intention of evaluating different measures of efficiency on indirect feed utilization 
and efficiency. Residual feed intake (RFI) is defined as the difference between observed feed 
intake and predicted feed intake based on estimates of maintenance and production require-
ments. Animals that require less feed than expected for maintenance and production purposes 
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have a negative RFI value and are desirable in animal production 
as they reduce feed costs and improve profitability of production. 
This trait was first investigated in poultry for the laying hen [3], 
and thereafter more commonly in mammals including; cattle 
[4], pigs [5,6], and rabbits [7]. 
 Genetic variability in RFI has been investigated in chickens 
[8], beef cattle [9-13], and pigs [5,6,14,15]. To date, there are 
no studies on RFI heritabilities and genetic correlation between 
RFI and FCR in Pekin ducks. 
 The objectives of this study were to estimate genetic parameters 
for RFI, FCR, average daily gain (ADG), BW42 and FI in a Pekin 
duck population, and to ascertain the genetic relationships 
among the traits studied in Pekin ducks.

MATERIALS AND METHODS

Experimental population and animal husbandry
The care and use of all ducks in this experiment were approved 
by the Animal Care and Use Committee of the Institute of 
Animal Sciences, Chinese Academy of Agricultural Science 
(CAAS). The study included a total of 2,020 Pekin ducks from 
a random mating population which was raised in the Institute 
of Animal Science, CAAS. These ducks were pedigreed by 
mating 90 males with 450 female in two hatches between April 
2014 and May 2014. In the first two weeks, ducks were placed 
in pens (0.08 m2/bird). All ducks were fasted for 12 hours at 
14th day of the experiment and transferred to their individual 
metabolic cages with a dimension of 50 cm (width)×50 cm 
(length)×30 cm (height) at the same day where they remained 
caged until 42 days of age. During the first three days after 
hatching, lighting was continuous 24 L:0 D (that is to say 24 h 
of light and 0 h of dark); then the lighting regimen of 20 L:4 D 
was assigned to the ducks from 4 days to 42 days. Ingredient 
composition and chemical composition of feedstuffs used in 
this study is presented in Table 1. 

Traits under the study and statistical analysis 
Body weight was recorded at the beginning (15 days old) and 
the end (42 days old) of the test, and the BWG and the ADG 
were computed for the test period. Traits analyzed in the study 
were body weight at the 42th day, metabolic body weight at 
the 42th day (BW420.75), 15 to 42 days ADG, 15 to 42 days FI, 
15 to 42 days FCR, and 15 to 42 days RFI to assess their genetic 
inter-relationships. FCR was calculated as FI divided by BWG. 
RFI was calculated according to Aggrey et al. [8] (2010), RFI 
= FI– (a+b1×BW420.75+b2×BWG).
 Where “a” is the intercept and b1 and b2 are of partial regres-
sion coefficients of FI on BW420.75 and BWG, respectively. RFI 
values were obtained using the PROC REG procedure in SAS 
software package [16]. 
 The genetic parameters for feed efficiency traits were estimat-
ed using restricted maximum likelihood (REML) methodology 

applied to a sire-dam model for all traits using the ASREML 
software [17]. 

 Yijk = μ+Sexi+Hatchj+ak+eijk

 Where Yijk is the record of the kth duck from the ith Sex 
and jth hatch; Sexi = fixed effect of sex (I = 1, 2 male/female), 
Hatchj = fixed effect of hatch (i = 1, 2); ak = random direct ad-
ditive genetic effect of individual k, and eijk = random residual 
error. 
 At first the variance components were estimated for each 
trait using bivariate analyses including the selection criteria to 
properly account for the effect of selection [18]. To estimate 
the genetic correlations between all pairs of feed efficiency 
growth traits, 3-trait analyses were performed, including the 
selection criteria as for bivariate analysis. The pedigree con-
tained one generation. From the variance component estimations, 

Table 1. The proportion of ingredients and their chemical compositions in feeds used 
to feed Pekin ducks from day 1 to 42 

Items Stage 1 
(0 to 14 d)

Stage 2 
(15 to 42 d)

Ingredient
Corn (%) 58.23 59.22
Wheat bran (%) 11.94
Soybean meal (%) 36.17 25.32
Soybean oil (%) 2.03
Limestone (%) 1.20 1.20
Dicalcium phosphate (%) 1.40 1.40
Sodium chloride (%) 0.30 0.30
DL-Methionine (%) 0.17 0.12
Vitamin and trace mineral premix1) (%) 0.50 0.50
Total 100.00 100.00

Calculated composition
Metabolizable energy2) (kcal/kg) 2,900 2,700
Crude protein 21 18
Methionine 0.50 0.40
Cystine 0.36 0.32
Lysine 1.10 0.90
Calcium 0.88 0.86
Nonphytate phosphorus 0.39 0.38

Stage 1: Cu 10 mg (CuSO4 · 5H2O), Fe 60 mg (FeSO4 · 7H2O), Zn 60 mg (ZnO), Mn 80 
mg (MnSO4 · H2O), Se 0.3 mg (NaSeO3), I 0.2 mg (KI), Cr 0.15 mg (Cr2O3), choline chlo-
ride, 1,000 mg; vitamin A 10,000 IU (retinyl acetate), vitamin D3 3,000 IU (cholecalcif-
erol), vitamin E 20 IU (DL-α-tocopheryl acetate), vitamin K3 2 mg (menadione sodium 
bisulfate), thiamin 2 mg (thiamin mononitrate), riboflavin 8 mg, pyridoxine hydrochlo-
ride 4 mg, cobalamin 0.02 mg, calcium-D-pantothenate- 20 mg, nicotinic acid 50 mg, 
folic acid 1 mg, biotin 0.2 mg.
Stage 2: Cu 10 mg (CuSO4 · 5H2O), Fe 60 mg (FeSO4 · 7H2O), Zn 60 mg (ZnO), Mn 80 mg 
(MnSO4 · H2O), Se 0.3 mg (NaSeO3), I 0.2 mg (KI), Cr 0.15 mg (Cr2O3), choline chloride, 
750 mg; vitamin A 8,000 IU (retinyl acetate), vitamin D3 3,000 IU (cholecalciferol), vita-
min E 20 IU (DL-α-tocopheryl acetate), vitamin K3 2 mg (menadione sodium bisulfate), 
thiamin 1.5 mg (thiamin mononitrate), riboflavin 8 mg, pyridoxine hydrochloride 3 mg, 
cobalamin 0.02 mg, calcium-D-pantothenate- 10 mg, nicotinic acid 50 mg, folic acid 1 
mg, biotin 0.2 mg.
1) The quantity of nutrients supplied per kilogram diet.
2) The values are calculated according to the AME of chickens (Ministry of Agriculture of 
China, 2004).
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the heritability of each trait i was estimated as h2
i = 4×σ²i/σ²pi, 

where σ²i is the additive variance and σ²pi is the phenotypic 
variance for trait i. Genetic correlations rgij between traits i and 
j were estimated as 
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between all pairs of feed efficiency growth traits, 3-trait analyses were performed, including the selection 

criteria as for bivariate analysis. The pedigree contained one generation. From the variance component 

estimations, the heritability of each trait i was estimated as h2
i
 = 4×σ²i/σ²pi, where σ²i is the additive 

variance and σ²pi is the phenotypic variance for trait i. Genetic correlations rgij between traits i and j were 

estimated as rgij = covij/ 22
ji   , where covij is the covariance between traits i and j.  

 

RESULTS  

 

The means and standard deviations (SD) of the traits in the study are presented in Table 2. It should be 

noted that, for FCR and RFI, lower values indicate greater efficiency. During the test period, the average 

RFI was null 0 (SD, 229), the average FCR was 2.53 (SD, 0.18), and ADG was 65.59 g/d (SD, 5.23 g/d). 

The heritability estimates for all the traits were ranged from 0.32±0.11 for FI to 0.41±0.12 for BW420.75. 

The heritability of RFI was 0.41±0.18. The estimate of heritability for FCR (0.38±0.15) was of similar 

magnitude as the estimate of ADG (0.38±0.20). The estimate of heritability for BW was 0.39±0.12. 

Phenotypic correlations between the feed efficiencies traits are presented in Table 3. The phenotypic 

correlation between RFI and FCR was 0.55±0.04; RFI was strongly correlated with FI (0.82±0.03); RFI 

was not found to be phenotypically correlated with BW42 and ADG. The phenotypic correlation between 

FCR and ADG was strongly negative (–0.80±0.04). The correlation was also negative between FCR and 

BW42 (0.65±0.02). The phenotypic correlation between FCR and FI was 0.44±0.01. ADG was strongly 

correlated with BW (0.92±0.01). The phenotypic correlation between ADG and FI was 0.48±0.02. The 

phenotypic correlation between BW and RI was 0.56±0.02.  

Table 3 shows the genetic correlations between the feed efficiency traits. The genetic correlation 

between RFI and FCR or FI were positive (0.54±0.05 and 0.77±0.17), but not with the ADG and the BW. 

FCR was negatively correlated with ADG (0.80±0.11) and BW42 (0.64±0.14). ADG was strongly 

correlated with BW42 (0.92±0.08).  

 

DISCUSSION 

 

The FCR is a ratio trait that is subject to skewness and kurtosis as a result of the changes in the coefficient 

of variation of BWG (denominator) and subsequently affects SD, covariances and correlations [19]. This 

 where covij is the cova-
riance between traits i and j. 

RESULTS 

The means and standard deviations (SD) of the traits in the 
study are presented in Table 2. It should be noted that, for FCR 
and RFI, lower values indicate greater efficiency. During the 
test period, the average RFI was null 0 (SD, 229), the average 
FCR was 2.53 (SD, 0.18), and ADG was 65.59 g/d (SD, 5.23 g/d). 
The heritability estimates for all the traits were ranged from 
0.32±0.11 for FI to 0.41±0.12 for BW420.75. The heritability of 
RFI was 0.41±0.18. The estimate of heritability for FCR 
(0.38±0.15) was of similar magnitude as the estimate of ADG 
(0.38±0.20). The estimate of heritability for BW was 0.39±0.12.
 Phenotypic correlations between the feed efficiencies traits 
are presented in Table 3. The phenotypic correlation between 
RFI and FCR was 0.55±0.04; RFI was strongly correlated with 
FI (0.82±0.03); RFI was not found to be phenotypically corre-
lated with BW42 and ADG. The phenotypic correlation between 
FCR and ADG was strongly negative (–0.80±0.04). The corre-
lation was also negative between FCR and BW42 (0.65±0.02). 
The phenotypic correlation between FCR and FI was 0.44±0.01. 
ADG was strongly correlated with BW (0.92±0.01). The phe-
notypic correlation between ADG and FI was 0.48±0.02. The 
phenotypic correlation between BW and RI was 0.56±0.02. 
 Table 3 shows the genetic correlations between the feed ef-
ficiency traits. The genetic correlation between RFI and FCR 
or FI were positive (0.54±0.05 and 0.77±0.17), but not with 
the ADG and the BW. FCR was negatively correlated with 
ADG (0.80±0.11) and BW42 (0.64±0.14). ADG was strongly 
correlated with BW42 (0.92±0.08). 

DISCUSSION

The FCR is a ratio trait that is subject to skewness and kurtosis 
as a result of the changes in the coefficient of variation of BWG 
(denominator) and subsequently affects SD, covariances and 
correlations [19]. This is due to the disproportionate fashion 

by which selection pressure is exerted on the component traits. 
The RFI is a linear index the weights of the component traits 
in which are determined by only biological variances. The se-
lection response based on a linear index would be higher than 
that of the response from a direct selection. With an under-
standing of the biological significance of RFI, RFI has increasingly 
become a preferred choice for measuring feed efficiency and 
is considered to be one of the target traits in animal breeding 
programs [20]. But in the literature on ducks the data on RFI 
is scant. 
 The heritability estimates for FCR and RFI were 0.38 and 
0.41 respectively, in our study population of Pekin duck. They 
were within the limits of published data in beef cattle, pigs and 
turkeys [5,6,8,21,22]; selection for low RFI will improve feed 
efficiency with an expected correlated response in FI. Based 
on the genetic correlation between RFI and metabolic body 
weight as obtained, it could be mentioned that this would favor 
obtaining a lower maintenance energy requirement in ducks. 
In the current study, the genetic interrelationships among the 
feed efficiency parameters were estimated from 14 days to 42 
days of feeding. Cai et al. [6] and Hoque et al. [23] have also 
reported a positive genetic correlation between RFI and ADG 
in pigs selected for low RFI, which is similar to the genetic 
correlation in this study. However, a lack of genetic correlation 
was reported in cattle and pigs [5,9,24,25]. In pigs, RFI is neg-
atively correlated to dressing percentage and positively correlated 
with back fat thickness [5]. It is possible that the internal allo-
cation of resources above maintenance into protein accretion 
and fat deposition among other animals could contribute to-
wards the different interrelationships between factors that 

Table 2. Descriptive statistics and heritability of feed efficiency parameters in Pekin 
duck 

Trait Mean SD Heritability SE

BW420.75 (g) 416 19 0.41 0.12
BW42 (g) 3110 197 0.39 0.12
FI (g) 5773 278 0.327 0.11
FCR 2.53 0.18 0.38 0.15
ADG (g/d) 65.59 5.23 0.38 0.20
RFI 0.00 229 0.41 0.18

SD, standard deviations; SE, standard error; BW420.75, 42th days metabolic body weight; 
BW42, 42th days body weight; FI, 15 to 42 days feed intake; FCR, feed conversion ra-
tio; ADG, average daily gain; RFI, residual feed intake.

Table 3. Estimates of genetic (below diagonal) and phenotypic (above diagonal) correlations for growth and feed efficiency trait in Pekin duck

Traits RFI FCR ADG BW42 FI

RFI 0.55(0.04) 0.00(0.02) 0.00(0.01) 0.82(0.03)
FCR 0.54(0.05) –0.80(0.04) –0.65(0.02) 0.44(0.01)
ADG –0.05(0.23) –0.80(0.11) 0.92(0.01) 0.48(0.02)
BW42 –0.04(0.20) –0.64(0.14) 0.92(0.08) 0.56(0.02)
FI 0.77(0.17) 0.49(0.13) 0.49(0.15) 0.56(0.12)

Values in the parentheses indicate standard error of correlation estimates.
RFI, residual feed intake; FCR, feed conversion ratio; ADG, average daily gain; BW42, 42th days body weight; FI, 15 to 42 days feed intake.
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affect RFI at different periods [8].
 This study’s conclusions and implications apply to growing 
ducks. The results have shown that the selection against RFI 
may improve the FCR trait in the young growing ducks, and 
their efficiencies to maintenance energy expenditures. But feed 
efficiency is a compound trait, and measured over a long period. 
Therefore, it is affected by many factors, and the genetic rela-
tionships among feed efficiency parameters are also vary with 
these factors.
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