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Abstract This study aims to investigate the influence of non-
genetic factors on feed efficiency in indigenous chicken.
Residual feed intake (RFI), residual gain (RG) and residual
intake and gain (RIG) were used as measures of feed efficien-
cy. Feed intake and body weight data were collected on 107
experimental birds on a daily and weekly basis, respectively,
from ages 11 to 20 weeks. A general linear model was fitted to
determine the effect of sex, cluster, genotype and hatch group
on mean performance and to assess temporal variation across
clusters. The overall mean performance for daily gain (ADG),
daily feed intake (ADFI), weekly metabolic body weight
(MBW), RFI, RG and RIG was 10.38 g/day, 133.01 g/day,
164.12 g/day, 0.00 (±14.23), 0.00 (±1.83) and 0.00 (±14.64),
respectively. Sex significantly influenced variation in ADG
and RG while hatch group influenced all traits except ADFI.
Cluster and genotype had no effect on the traits. Interaction
between sex and cluster significantly influenced ADFI, RFI
and RIG. There was a significant temporal variation within
and among clusters resulting in re-ranking of the phylogenetic
groups in efficiency across the test period. Results indicate
that growth and feed efficiency traits are influenced by non-
genetic factors which should be accounted for, to reduce bias
and improve accuracy of performance evaluations in the in-
digenous chicken.
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Introduction

Indigenous chicken (IC) is a valuable asset and forms an in-
tegral part of many households in Kenya in terms of food
security, economic and social roles (Magothe et al. 2012).
Poultry industry in general and specifically IC are faced by
various challenges which limit their production potential, with
feed supply to the birds identified as a major constraint
(Besbes 2009). The availability of feed resources in the region
exhibit seasonal variation resulting in high costs of feeds. Feed
represents about 60–70 % of the total production costs in
poultry enterprises. Increased feed costs directly affect profit-
ability hence the importance of feed efficiency in the industry
(Aggrey et al. 2010). Feed conversion ratio (FCR) has con-
ventionally been used tomeasure and improve efficiency in IC
(Tadelle et al. 2003; Binda et al. 2012). However, the improve-
ment of the ratio trait presents a challenge since selection
pressure tends to be placed on the component traits in a non-
linear manner resulting in unpredictable genetic response
(Aggrey et al. 2010). Further, the confounding effects
resulting from the relation between FCR and its component
traits and the relation between its components traits prevent
FCR from being an ideal measure of efficiency (Willems et al.
2013).

Net feed efficiency (NFE) has been proposed as an alter-
native measure since it describes the efficiency with which
animals partition feed with respect to production and mainte-
nance requirements independent of production levels (Berry
and Crowley 2013). It is measured by residual feed intake
(RFI), residual body weight gain (RG) and residual intake
and weight gain (RIG) estimated from linear combinations
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of growth, body weight and feed intake traits. Negative values
of RFI and positive values of both RG and RIG indicate effi-
ciency. The RFI and RG are independent of growth and feed
intake, respectively. This presents the possibility of slow-
growing animals with relatively low feed intake ranking as
efficient animals in the case of RFI while animals with posi-
tive RG could have faster growth rates and high feed intake
(Crowley et al. 2010). Consequently, Berry and Crowley
(2012) proposed an amalgamation of both traits into RIG to
minimize the likelihood of the uncertainties from RFI and RG
while being independent of maintenance. The improvement of
feed efficiency requires that non-genetic sources of variation
in performance are identified since they influence the expres-
sion of genes and provide a better understanding of biological
and/or environmental mechanisms on performance (Mrode
2005). Accounting for these factors also helps to unmask true
differences between groups and reduce bias in performance
evaluation. This study aimed at determining: (i) the environ-
mental factors that influence efficiency of feed utilization and
(ii) temporal variation in growth and feed efficiency traits
among the phylogenetic IC clusters of Kenya.

Materials and methods

Study site, experimental flock design and management

The study was conducted at the Smallholder Indigenous
Chicken Improvement Program Research Unit (INCIP-
RU) at Egerton University, Njoro-Nakuru, which falls un-
der the agro-ecological zone I. The climatic condition in
the study site was considered moderate and optimal for IC
performance (Ayuya et al. 2011). The unit has a popula-
tion of IC collected from various agro-ecological zones
(II–IV) in Kenya. The population has been clustered into
three distinct phylogenetic groups based on major histo-
compatibility complex (MHC)-linked microsatellite
markers (Ngeno et al. 2015). Cluster 1 constitutes birds
from the Western, North-Rift and South-Rift regions, clus-
ter 2 constitutes birds from the Eastern region and cluster
3 constitutes birds from the coastal region (Kuchi). The
study used first generation birds from the three clusters as
parents to produce the experimental flock. Fifty-four par-
ents, consisting of three males and 15 females from each
cluster to adopt a mating ratio of 1:5, were selected based
on growth performance from hatch to 20 weeks. The trun-
cation point for selection was set at 10 g/day for males
and 6 g/day for females. The selected parent flock
consisted of 36 birds of normal feathered genotype from
the three clusters and 18 birds of naked neck genotype
from only cluster 1.

Eggs were collected daily, identified by their sire fam-
ily and stored at room temperature for not more than

4 days prior to artificial incubation. At hatch, each chick
was identified using a wing tag with a code identifying
the cluster, genotype and the sire family, and then
weighed. Throughout the experimental period, birds were
fed rations with nutrient composition recommended for IC
in confinement (King’ori et al. 2004). Starter ration was
given from day 0 to 7th week of age, growers ration from
8th to 20th week of age and the parent population were
fed layers ration. Clean water was provided ad libitum.
Health management practices such as vaccination,
deworming and disinfection were carried out procedurally.

Data collection

Birds were individually weighed at hatch (BW0) and thereaf-
ter on a weekly basis up to 20 weeks of age (BW20), using a
digital weighing scale calibrated to the nearest 1 g. Feed effi-
ciency is effectively assessed during the linear or rapid growth
phase of the birds (Case et al. 2012). Growth inflection in IC
has been observed at the age of 10 weeks; therefore, body
weight data was collected from 10 weeks of age (Tadelle
et al. 2003; Magothe et al. 2010). Feed intake was considered
on an individual basis. This was to account for inherent dif-
ferences between birds. The length of feed intake recording is
determined majorly by the cost of collecting feed intake data
on individual birds. Varied lengths of feed intake recording
have been suggested in poultry species, with no standard test
length. A test period of 42 days was used in this study, being
an average test length derived from previous feed efficiency
studies in poultry species (Tadelle et al. 2003; Binda et al.
2012; Aggrey et al. 2010; Varkoohi et al. 2010; Case et al.
2012; Belgi et al. 2016).

Feed intake data collection commenced when birds were
transferred to individual battery cages and allowed 1-week
acclimatization. Birds were given measured ad libitum por-
tions of growers ration throughout the feeding trial.
Individual daily feed intake was measured as the difference
between the weight of supplied feed and left over feed (the
amount of feed left remaining in the trough at the time of
introducing new feed) 24 h later. Each bird in the experimental
flock of 107 birds had 42 daily feed intake and 10 weekly
body weight records. The structure of the data and summary
statistics for the growth and feed efficiency traits are presented
in Table 1.

Statistical analysis

Estimation of net feed efficiency traits

To estimate NFE traits, average daily feed intake per week
(ADFI), average daily gain per week (ADG) and weekly met-
abolic body weight (MBW) were considered. Average daily
gain per week was obtained as the difference between
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consecutive weekly body weight measurements divided by
7 days. Average daily feed intake per week was calculated
as the sum of total feed consumed in a week divided by 7 days.
Weekly MBW was obtained as final weekly body weight
raised to the power of 0.75 (BW0.75). Residual feed intake
was computed as the difference between observed average
daily feed intake (ADFIO) and expected average daily feed
intake (ADFIE) while RG was computed as the difference
between observed average daily gain (ADGO) and expected
average daily gain (ADGE).

A random effect model was fitted on the data using PROC
MIXED of SAS 9.1 (SAS 2002) to estimate ADFIE and
ADGE and eventually RFI and RG, respectively. Age was
fitted as a continuous predictor and bird as a random regressor.
The model allows parameters to vary between and within
individuals, thus improving accuracy of prediction of the re-
sponse variable and also aids in selection when confronted
with birds with similar NFE values (Karaman et al. 2013;
Aggrey and Rekaya 2013). The model used is presented in
Eqs. 1 and 2.

RFIi j ¼ ADFIoi j− b0 þ b1 þ α1i

�
ADGi j þ

�
b2 þ α2i

� �
MBWi j þ b3 þ α3ið ÞAGEi þ ei j

� �
ð1Þ

where RFIij is j
th observation of residual feed intake of ith bird;

ADFIoij, ADGij, MBWij and AGEji are observed weekly av-
erage daily feed intake, gain, metabolic body weight and age

of ith bird, respectively; bk are fixed regression coefficients
(k = 0, 1, 2, 3); αki (k = 1, 2,3) is random regression coefficient
specific to ith bird for the traits; and ei is error term ∼N (0, σ2e).

RGi j ¼ ADGoi j− b0 þ b1 þ α1i

�
ADFIi j þ

�
b2 þ α2i

� �
MBWi j þ b3 þ α3ið ÞAGEi þ ei j

� �
ð2Þ

where RGij is jth observation of residual gain of ith bird;
ADGoij and ADFIij are observed weekly average daily gain
and feed intake, respectively, while MBWij, AGEji, bk, αki

(k = 1, 2,3) and ei are as described in Eq. 1.
Residual intake and gain (RIG) was computed as the sum

of RFI and RG. Residual feed intake was multiplied by −1 to
put both RFI and RG on a positive scale since a negative RFI
and a positive RG are favourable. The linear combination of
RFI and RG into RIG was as presented in Eq. 3

RIGi j ¼ −1� RFIi j
� �þ RGi j ð3Þ

where RIGij, RFIij, and RGij are jth observation of residual

intake and weight gain, residual feed intake and residual gain
of ith bird, respectively.

Factors influencing growth and net feed efficiency traits

A fixed effect analysis of variance on growth and net feed
efficiency traits was carried out to determine the factors that
influence growth and feed efficiency using the GLM proce-
dure of SAS 9.1 (SAS 2002). The independent variables fitted
included sex, cluster, genotype, hatch group and first order
interaction between cluster and sex. Birds entered the experi-
ment with different body weights ranging between 310 and

Table 1 Distribution and
summary statistics for growth and
feed intake data across ages 11 to
20 weeks

Age (weeks) Body weight (g) Feed intake (g)

No. records μ ±SD No. records μ ±SD

11 48 534.45 173.30 336 125.26 23.38

12 63 620.82 180.43 441 114.36 28.19

13 76 709.91 191.52 532 121.70 25.36

14 82 795.77 213.80 574 127.54 32.62

15 107 906.62 252.97 749 134.66 35.09

16 107 995.06 270.68 749 134.61 33.21

17 59 1130.22 304.55 413 145.26 34.11

18 44 1234.31 342.16 308 146.72 37.86

19 31 1334.57 393.76 217 150.50 37.60

20 25 1445.11 394.89 175 153.17 36.22

Trop Anim Health Prod (2016) 48:1569–1575 1571



680 g. As a result, preliminary analyses were performed to
determine the order of fit of initial weight as a covariate for
the efficiency traits and their component traits. Initial weight
thus fitted as a linear covariate for ADFI, ADG,MBWand RG
and as a quadratic covariate for RFI and RIG in the fixed effect
analysis at α = 0.05. The general fixed effect model used for
the analyses is presented in Eq. 4:

Y ijklm ¼ μþ Si þ Gj þ Ck þ Hl þ CSð Þki þ eijlkm ð4Þ

where: Yijklm is the performance trait of the mth bird; μ is the
overall mean; Si is the effect of i

th sex (i =male, female); Gj is
the effect of jth genotype (j = normal feather, naked neck); Ck is
the effect of kth cluster group (k =C1, C2, C3); Hl is the effect of
lth hatch group (l = 1, 2,…8); (CS)ki is the effect of interaction
between cluster and sex; and eijklm is the random error term.

Further, an analysis was done to determine the temporal
variability in RFI, RG and RIG between clusters across vari-
ous age points. Equation 4 taking into account repeated re-
cords of the NFE traits was used.

Results

The overall mean, mean square values and levels of signifi-
cance of fixed effects included in the analysis of variance for
the growth and feed efficiency traits are presented in Table 2.
Sex significantly influenced (P < 0.05) variation in ADG and
RGwhile cluster and genotype did not have significant effects
(P > 0.05) on any of the traits.

Least square means for the levels of factors that significant-
ly influenced growth and NFE traits are presented in Table 3.
Cocks had significantly higher ADG and RG than hens. ADG,
MBW, both RFI and RIG, and RG of birds born of hatch

groups 1, 1 and 2, 4 and 7, and 1, 2 and 5 differed significantly
from other hatch groups.

The interaction between cluster and sex had a significant
effect (P < 0.05) on ADFI, RFI and RIG (Table 4). The differ-
ences between males and females in different clusters were
significant. The observed differences were not linear.

Least square means for RFI are presented in Fig. 1. At the
onset of the experiment, cluster 2 had the lowest RFI value
while cluster 1 had the highest RFI estimate. Thereafter, RFI
values in cluster 2 and 3 increased at the rate of 0.99 and
1.02 g/day, respectively, while in cluster 1, the estimates de-
creased at the rate of −0.81 g/day. Generally, more differences
were observed between clusters in later experimental periods
from week 17 than in earlier periods.

Temporal variability of RG is presented in Fig. 2. The
highest RG variability was observed in cluster 3, having the
highest RG estimates, and clusters 1 and 2 from the onset of
the experiment to week 17 thereafter, no significant difference
was observed to the end of the experiment.

For RIG, at the onset of the test, cluster 2 had the highest
estimates while cluster 1 had the least with estimates decreas-
ing at the rate of −1.04 and −0.91 for cluster 2 and 3, respec-
tively, and in cluster 1, the estimates increased at the rate of
0.82 (Fig. 3). Similar to RFI, RIG had more differences be-
tween clusters in the later stages of the experiment from week
16.

Discussion

Significant variation between the sexes showed that male
birds were superior for ADG and RG compared to female
birds. Such variation between the sexes has been associated
with differences in physiological nature between males and

Table 2 Overall mean, mean square values and level of significance of fixed factors that influence mean performance in growth and feed efficiency
traits in indigenous chicken

Traits ADFI (g/day) ADG (g/day) MBW (g) RFI (g/day) RG (g/day) RIG

Overall means (n = 107) 133.01 ± 18.52 10.38 ± 2.67 164.12 ± 43.62 0.00 ± 10.23 0.00 ± 1.83 0.00 ± 14.64

Fixed effects

Sex 23.18ns 38.90** 63.99ns 2.08ns 33.97** 0.5731ns

Genotype 310.17ns 0.01ns 10.16ns 347.26ns 0.02ns 0.1568ns

Cluster 199.77ns 1.65ns 73.41ns 201.15ns 0.76ns 0.3507ns

Hatch 279.04ns 8.93ns 166.20** 354.55* 6.88ns 0.0249ns

Sex*cluster 1462.74** 0.19ns 101.31ns 1225.9*** 1.72ns 0.0009***

Initial weight 3663.09a,*** 214.59a, *** 101768.55a, *** 1010.21b, ** 1.15a, *** 0.0182b, **

ns not significant

***P < 0.001, **P < 0.01, *P < 0.05
a Covariate fitted as a linear effect
b Covariate fitted as a quadratic effect
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females upon onset of the endocrinology functions which co-
incides with the period of test in this study (Leeson and
Summers 2010). Recent advancement in characterisation of
IC in Kenya identified three distinct genetic groups/clusters
using MHC microsatellite markers (Ngeno et al. 2015). This
distinction was however non-existent with regard to growth
and net feed efficiency. Similarly, irrespective of the bird geno-
type, there was resemblance in their efficiency; however, pre-
vious studies on IC genotypes reported significant influence of
major genes on growth performance (Magothe et al. 2010). The
interaction between sex and cluster indicated that there was
sexual dimorphism between clusters for ADFI, RFI and RIG
in which males from cluster 3 and females from cluster 1 were
themost efficient for RFI and RIG and had the lowest ADFI. At
phenotypic level, cluster 3 could be considered a suitable male
line and cluster 1, a female line for selection to improve growth
and feed efficiency in IC birds which will perform within a
similar production environment as used in this study. The sig-
nificant variation in growth and NFE traits between hatch

groups may have resulted from differences in initial
age at entry into the experiment between the hatch groups
(Aggrey et al. 2010; Case et al. 2012). Hatch groups with older

Table 3 Least square means (±s.e.) of growth and net feed efficiency traits across sex and hatch groups

Trait ADFI (g/day) ADG (g/day) MBW (g) RFI (g/day) RG (g/d) RIG

Sex

Male 137.03 ± 2.71a 11.40 ± 0.37a 220.67 ± 3.77a 2.91 ± 2.53a 0.89 ± 0.32a −2.01 ± 2.59a

Female 135.88 ± 2.76a 9.91 ± 0.38b 221.80 ± 3.53a 3.26 ± 2.57a −0.50 ± 0.32b −3.81 ± 2.63a

Hatch groups

Hatch1 136.52 ± 3.83a 8.70 ± 0.52a 166.17 ± 1.83a 8.43 ± 3.61a −1.28 ± 0.46a −9.71 ± 3.69a

Hatch2 135.47 ± 5.91a 9.72 ± 0.80ab 161.36 ± 2.83a 4.00 ± 5.49a −0.55 ± 0.69a −4.55 ± 5.62a

Hatch3 136.56 ± 4.24a 10.85 ± 0.58b 166.46 ± 2.03b 1.87 ± 3.93a 0.34 ± 0.50b −1.53 ± 4.02a

Hatch4 130.57 ± 4.32a 11.11 ± 0.59b 165.66 ± 2.07b −3.95 ± 4.02b 0.67 ± 0.51b 4.62 ± 4.11b

Hatch5 137.59 ± 4.17a 10.75 ± 0.57b 166.17 ± 2.00b −3.62 ± 3.81a 0.09 ± 0.48a 3.53 ± 3.90a

Hatch6 144.17 ± 8.33a 11.87 ± 1.13b 166.59 ± 3.99b −2.96 ± 7.70a 1.06 ± 0.97b 4.02 ± 7.87a

Hatch7 128.49 ± 3.87a 11.20 ± 0.53b 164.75 ± 1.86b −5.66 ± 3.52b 0.77 ± 0.44b 6.44 ± 3.60b

Hatch8 142.29 ± 4.19a 11.02 ± 0.57b 167.57 ± 2.01b −2.39 ± 3.91 a 0.27 ± 0.49b 2.66 ± 4.00a

a Least square means within a column with different superscript differ (P < 0.05)

Table 4 Estimates of least square means (±s.e.) for traits significantly
influenced by the interaction between sex and cluster

Traits Sex Cluster

CL 1 CL2 CL3

ADFI (g/day) Male 141.82 ±
2.93a

138.51 ± 4.03ab 130.76 ± 5.42b

Female 125.18 ±
2.65a

138.61 ± 4.84ab 143.87 ± 5.33b

RFI (g/day) Male 6.63 ± 2.71a 4.34 ± 3.77a −2.24 ± 5.02b

Female −6.79 ± 2.43a 4.35 ± 4.53ab 12.20 ± 4.95b

RIG Male −6.10 ± 2.78a −3.24 ± 3.87a 3.31 ± 5.14b

Female 6.34 ± 2.49a −4.66 ± 4.64ab −13.10 ± 5.07b

a Least square means within a row with different superscript differ
(P < 0.05)

-15

-10

-5

0

5

10

15

11 12 13 14 15 16 17 18 19 20R
F

I
 
(
g

)

Age (weeks)

Fig. 1 Estimates of least square means for residual feed intake (RFI
g/day) among cluster 1 (heavy line), cluster 2 (dotted lines) and cluster
3 (dashed lines) across ages 11 to 20 weeks
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birds at entry into the experiment were approaching the growth
decline phase and as such may have contributed to inefficiency
for the NFE traits. On the other hand, hatch groups with youn-
ger birds at entry into the experiment were more efficient for
the NFE traits which may be due to accelerated growth rates
approaching maximum at the onset of the experiment.

Efficiency performance across age among the clusters
shows that in using RFI and RIG to define feed efficiency,
cluster 1 began the test as the least efficient but tended to
improve on efficiency as they approached maturity while
cluster 2 was the most efficient during the early stages of
the experiment but the efficiency decreased as the test
period progressed. The re-ranking of clusters in RFI and
RIG across test periods is an indication of age being a
significant contributor to possible variation in feed effi-
ciency over time (Durunna et al. 2012). In addition, the
change in efficiency over time is considered to have im-
plications on body composition such that cluster 2 is like-
ly to shift from protein accretion to fat deposition earlier
resulting in increased percentage of fat deposition as the
birds approach maturity while cluster 1 is likely to have a
higher percentage of leanness towards maturity as result

of delayed shift in protein to fat deposition (Aggrey et al.
2010). Such implications indicate the need to further con-
sider body composition in efficiency evaluation in IC. On
the other hand, when RG was used, cluster 3 was the most
efficient throughout the test period while cluster 1 was the
least efficient. Birds from cluster 3 (Kuchi ecotype) have
been considered ideal for meat production given their po-
tential to attain 1700 g by the age of 20 weeks under
improved management conditions (Lwelamira 2012).
Consequently, this may have influenced the observed su-
periority in RG given the positive relationship between
RG and growth (Crowley et al. 2010). The NFE traits
greatly fluctuated across the different age points within
the clusters which may have resulted to a lack of signif-
icant influence of cluster on mean performances for the
NFE traits. Indigenous chicken in Kenya have not under-
gone intensive selection for particular traits contributing
to birds with different phenotypic background. In addi-
tion, clustering of the birds on the basis of MHC markers
was more of a phylogeny classification and not trait dis-
tinct grouping which could also explain the large
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Fig. 2 Estimates of least square means for residual gain (RG g/day)
among cluster 1(heavy line), cluster 2 (dotted lines) and cluster 3
(dashed lines) across ages 11 to 20 weeks
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Fig. 3 Estimates of least square means for residual intake and gain (RIG)
among cluster 1 (heavy line), cluster 2 (dotted lines) and cluster 3 (dashed
lines) across ages 11 to 20 weeks
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differences in the NFE traits within and among the clus-
ters across age during the test. This has further been dem-
onstrated by previous studies on growth patterns of the
cluster constituents indicating that IC ecotypes signifi-
cantly differed in body weight from hatch to 8 weeks of
age (Ngeno et al. 2012). Despite birds used in this exper-
iment have only been selected once for growth traits, this
is not sufficient to identify particular IC lines and associ-
ate them with high growth performance and as such dis-
tinct variation among the clusters is not expected with
regard to efficiency.

In conclusion, the mean performance of growth and net
feed efficiency traits in IC is influenced by sex, hatch group
and an interaction between sex and cluster while cluster and
genotype have no effect on these traits. There is a significant
variation within and among clusters across ages resulting to
re-ranking of the phylogenetic groups for the NFE traits across
the test period, with large differences being observed during
the early period of the experiment in RFI and RIG, and during
the later period of the experiment in RG. For improvement of
growth and efficiency traits in indigenous chicken during the
growers phase, the non-genetic sources of variation identified
in this study need to be adjusted for genetic evaluations to
allow for unbiased and accurate estimation of genetic
parameters.
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