Indian Journal of Poultry Science (2024) 59(3): 241-246, Research Article
https://doi.org/10.56093/ijps.v59i3.02

Principal component analysis of growth traits in Aseel native chicken
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ABSTRACT

Kumar, A., Kumar, S., Pandey, M., Vaishnay, S., Chauhan, A. and Chand, R. 2024. Principal component analysis of growth traits in Aseel
native chicken. Indian Journal of Poultry Science, 59(3): 241-246.

Aseel isawell-recognised native chicken breed, known for itsendurance, fighting skills, majestic gait and higher tolerancefor heat
and stress conditions etc., and is being used for development of superior crosses for backyard poultry farming. This study investigated
relationship between earlier body weights with the subsequent weights until the market age, i.e., 20-week. Records of chick weight
(n=620) and weights at bi-weekly interval s (n=1070) were analysed for Principal Component Analysis (PCA) using IBM-SPSSversion
26. All the coefficients were significant (p<0.01) and positive, indicating that trait has good predictability, which could be useful in
chalking out of selection and improvement programs. Low to moderate correl ations were estimated between juvenile body weightswith
weight at marketable age (0.10-0.55) whilethe correlations were higher (0.63 - 0.95) thereafter. Kaiser-Meyer-Olkin measure of sample
adequacy and Bartlett’stest of sphericity and communality at different ageswere also cal culated, which revealed adequacy of samples
for PCA. The selected two components collectively explain the 79.46% of total variability present in the dataset. The first component
explained 66.51% variability while the second component accounts for 12.94% variability. It was concluded that PCA is an excellent
tool for reducing the recording of number of traits or dimension of the original data. Further, the extracted principal components were

useful in prediction of body weight at market age in Aseel native chicken.
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INTRODUCTION

The Indian poultry industry has witnessed
enormous expansion and has made significant
contributionsin the national economy. The growing need
for poultry products has radically altered poultry
production from a simple household/ backyard activity
into a full-scale industry. Technological advancements
havetransformed the structure of India’s poultry industry
(Pandey et al., 2022). India stands seventh in the world
in terms of poultry population (851.81 million tons)
(BAHS, 2019), third in egg production (138.38 billion
eggs/year), and with 4.89MT/year meat production
stands fifth (Singh, 2023). The total eggs produced in
India from chickens are nearly 95% and the remaining
5% eggs are from other poultry species, suggesting the
dominance of chickens in the poultry industry. The
contribution from organi zed and unorganized (backyard)
sectors in the Indian poultry market is 70% and 30%,
respectively. Backyard poultry farming iswidely practiced
inimpoverished population and areaswith poor resources
for income generation and employment to women and
unemployed youth, provides nutritional security and
bridgesthe demand-supply gap for eggsand poultry meat
(Kumar and Pandey, 2021). Improving the productivity
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of backyard and free-range agricultural systemsrequires
selective breeding to improve native germplasm.
Indigenous chicken breedsare widely recognized for their
high adaptability to extreme and harsh environmental
conditions, higher resistance/ tolerance to diseases as
compared to other breeds (Singh et al., 2009). These
native breeds demonstrate higher thermo-tolerance as
well (Nayak et al., 2021). Aseel breed is appreciated for
itstoughness, aggressiveness, stunning gait, and fighting
ability (Kumar, 2022). Owing to the higher
immunocompetence, Aseel birds can better tolerate the
infections like Newcastle disease virus (NDV), as
compared to other native breeds of chickens (Girija et
al., 2023). Data collected for any genetic improvement
program of poultry are either highly correlated or
sometime redundant too. Simultaneous analysis of data
of correlated traits does not improve accuracy but
requires increased recording and analytical work, thus
necessitating extensive computational work and
decreasing the dimension. PCA isamultivariate method
used to reveal structural relationships across different
traitsand reduces data dimensions through the elimination
of redundant information. It linearly transforms the data
on highly correlated variables into a new set of
uncorrelated variablesknown as ‘ Principal components’
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(Pundir et al., 2011). As aresult, general applications of
this multivariate technique include data reduction and
interpretation (Johnson and Wichern, 2007). Further,
phenotypic characterization of chickens using different
morphometric traits can also be done employing PCA
(Saikhom et al., 2017, 2018; Dald et al., 2020; Kumar
et al., 2022), and determination of phenotypic
relationships between body conformation and weights
(Pintoet al., 2006; Yakubu et al., 2009; Udeh and Ogbu,
2011; Egenacet al., 2014; Amao, 2018). It has also been
applied with more or less same objectivesin other poultry
species such as duck (Ogah et al., 2009; Maharani et
al., 2019) and turkey (Ogah et al., 2011; Dalton et al.,
2017). According to Brody (1964), growth is an
irreversible/permanent and correlated increase in body
mass during a specific time period. Owing to this
correlated nature of growth traits, the current study aims
to identify various uncorrelated growth traits, using the
PCA approach and to reducetheir number so asto explain
commercial/ market body weight in Aseel native chicken,
with computational ease.

MATERIALSAND METHODS

Experimental birds

Aseel Peela native chicken, undergoing fourth
generation of selective breeding for higher body weight
at ICAR-Central Avian Research Ingtitute, | zatnagar, being
maintained and managed at Desi Fowl Experimental Unit
under standard conditions of feeding, housing,
vaccinations etc. were used in this study.
Traits Recorded

Data on 11 growth traits i.e., chick weight (CW)
and biweekly body weights from 2 to 20 weeks of age
(the market age), i.e. BW2, BW4, BW6, BW8, BW10,
BW12, BwW14, BW16, BW18 and BW20, were
individually recorded using el ectronic weighing balance.
Data on chick weight (n=620) and weights from second
week of ageto 20-weeks of age at biweekly intervalson
1070 progenies from 30 sires and 139 dams, hatched in
three hatches, were recorded and analysed.
Statistical analyses

Data were analysed using the Statistical Package
for Social Sciences (SPSS, 2007) for PCA. First, the
descriptive statistics was used, followed by the Bartlett
(1950) test to determine whether the given dataset with
11 traits could be factored as recommended. The Kaiser-
Meyer-Olkin (KMO) test (1960) of sampling adequacy
was performed to determine the data set’s validity at 1%
level of significance. Varimax rotation was used through
component transformation to approximate a simple
structure for rotation of principal components to
maximize sum of variances of squared loadings, which
are percent of variance in variable explained by that
particular principal component (PC). For each variable,
sum of all sguare loadings across all PCsis one.

242 | Indian Journal of Poultry Science (2024) 59(3): 241-246

RESULTSAND DISCUSSION

The descriptive statistics including number of
observations, means, standard deviation and coefficient
of variation etc. of the traits are presented in Table 1.

Table 1: Descriptive Statistics of therecorded traitsin Aseel
native chicken

Traits No. of Mean  Standard  Coefficient
Observations  (g) Deviation  of Variation
()
CW 620 2805 242 861
BW2 1070 6492 1536 2365
BwWA4 1070 13336 3648 2135
BW6 1070 22583 5181 2300
BW8 1070 33746 7108 2106
BW10 1070 49%6.57 95.73 19.27
BW12 1070 664.68 12684 1908
BwW14 1070 84921 15121 17.80
BW16 1070 104885 18220 17.37
BW18 1070 1194.35 21593 18.07
BW20 1070 13239%6 24820 1874

The phenotypic correlation among various growth
traits were also estimated (Table 2). All the coefficients
were significant (p<0.01) and positive, indicating that
traits had good predictability, which could be useful for
selection. Low to moderate correlations were observed
between juvenile body weights with market age body
weight (0.10 - 0.55) while higher correlations (0.63 -
0.95) were observed thereafter. The Kaiser-Meyer Olkin
test for sample adequacy was found to have a value of
0.898. A value of more than 0.80 is considered to be
excellent as far as sample adequacy is concerned. The
Bartlett's test of sphericity was significant (Chi
square=9461.46; p=0.000). As an outcome, the
significance of the correlation matrix asindicated by both
tests suggested that our dataset meets the requirements
for factor or component analysis.

In present investigation, communalitiesfor growth
traits are given in Table 3. Communalities are basically
proportions of variance in original variables and in this
study; it ranged from 0.072 (for CW) to 0.948 (for
BW16). Different componentswith respect to the growth
traits in the experimental flock are given in Table 4.
Components were selected on the basis of Eigen values
(more than 1), which shows variability accounted by
each factor out of the total variability. This extraction of
components was in accordance with the Kaiser Rule
Criterion (Johnson and Wichern, 2007).
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Table 2: Phenotypic correlations among various body weightsin Aseel native chicken

CwW BW2 BWA4 BW6 BW8

BW100 Bw12 BwWI14 BwWI16 BwW18 BW20

Cw 100

BW2  0.19** 100

BW4  014**  0.69** 100

BW6 007*  0.61**  0.83** 100

BW8 010** 048** 0.68**  0.81** 100
BW10 0.08* 047* 066** 0.80**  0.89**
BW12 006** 045* 062** 0.77**  0.82*
BW14 010**  035*  0.55**  0.68**  0.80**
BW16 012** 031**  05I**  0.64**  0.75**
BW18 0.12**  025**  045*  0.55**  0.67**
BW20 010** 028**  045*  0.55**  0.63**

100
0.92+* 100
0.86**  090** 100
082> 086** 095** 100
074> 079> 088*  094** 100
0.73* 078* 086** 091** 095** 100

**P<0.01

Table 3: Communalitiesinfluence various body weightsin Aseel native chicken

Traits Initial Extraction Loading Factor (PC 1) Loading Factor (PC 2)
Cw 1000 0072 0011 0.267
BW2 1.000 0.753 0.128 0.858
BWA4 1.000 0.847 0375 0.840
BW6 1.000 0.848 0547 0.741
BW8 1.000 0.790 0.729 0509
BW10 1.000 0.878 0.803 0483
BW12 1.000 0.889 0.850 0408
BW14 1.000 0935 0933 0.255
BW16 1.000 0948 0957 0.180
BW18 1.000 0.907 0949 0034
BW20 1.000 0.873 0930 0093

Table 4: Different components with respect to body weightsin experimental flock of Aseel native chicken

Total Variance Explained
Component Initial Eigenvalues Extraction Sumsof Rotation Sums of
Squared Loadings Squared Loadings
Total %of  Cumulative  Totd %of Cumulative Tota %of  Cumulative
Variance % Variance % Variance %

1 7.317 66.514 66.514 7.317 66.514 66.514 5.906 53.683 53.683
2 1424 12947 79461 1424 12947 79461 2835 25772 79461
3 0998 9.077 88538

4 0492 4473 93011

5 0.275 2497 95508

6 0141 1286 9%6.7%

7 0.128 1163 97.957

8 0.101 0920 98.877

9 0.049 0444 90.321

10 0042 0.385 99.706

u 0032 024 100.000

Alternatively, the components could be chosen
based on a scree plot. Figure 1 depicts the components
that can be considered up to the bent elbow. The two
common factors (or components) were taken with Eigen

values 7.31 (PC1) and 1.42 (PC2), which collectively
explained 79.46% of the total variability present in the
dataset. Thefirst component explained 66.51% variability
and was highly correlated with BW8, BW10, BW12,
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Fig. 1: Scree plot showing components and the corresponding Eigen values
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Fig. 2: A component plot in rotated space showing distinct body weightsin Aseel native chicken.

BW14, BW16, BW18 and BW20 while the second
component accounts for 12.94% variability and highly
correlated with BW2, BW4, BW6 and BW8. Asaresult,
seven of the eleven body weight traits, associated with
PC1, may be used to predict body weight at 20 weeks,
the market age of Aseel native chicken. Figure 2 depicts
the component pl ot of two componentsin arotated space.

In Asedl, Haunshi et al. (2011), Jha et al. (2013)
and Pandey et al. (2022) have reported lower 20-week
body weight than the present estimates. Contrarily, higher
20-week body weight was reported by Rajkumar et al.
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(2017) in Aseel. The differencesin body weightsreported
in different reports might be attributed to the differences
in the genetic background of various stocks studied, as
well as to the environmental variables such as feed,
pathological conditions, and other factors that existed
throughout theinvestigation. Low to moderate correlation
was observed between juvenile body weightswith market
age body weight (0.099 - 0.54) while higher correlations
(0.63 - 0.95) were observed thereafter. Higher genetic
correlations have been reported between adjacent body
weights as compared to distant body weights. Dalal et



al., (2019) also observed similar trend among the growth
traits. Number of researchers viz., Ajayi et al., (2008),
Udeh and Ogbu, (2011), Egenact al., (2014) and Kumar
et al., (2022) found strong positive correlations between
body weights and measurements, suggesting that body
measurements may be used to predict body weight. In
present study, two common factors (or components)
weretaken with Eigenvalues 7.31 (PC1) and 1.42 (PC2).
Consistent with the current results, two principal
components that explained the greatest variation in the
morphological traits were extracted from several breeds
of chicken by Udeh and Ogbu, (2011), Egena et al.,
(2014), Amao et al., (2018), Saikhom et al., (2018) and
Kumar et al., (2022). Present investigation is among the
first few studies concluding component analysis of body
weight traitsin a native breed with such alarge quantum
of data being maintained in any improvement program.
Inthe absence of any report on thisaspect in Aseel native
chicken, the results of PCA could not be compared.
Although, the PCA has been used to determine the
phenotypic rel ationshi ps between body conformation and
body weight (Pinto et al., 2006; Yakubu et al., 2009;
Udeh and Ogbu, 2011; Egenaet al., 2014; Amao, 2018)
and to characterize the phenotypic characteristics of
chickens using various morphometric traits (Saikhom et
al., 2017, 2018; Dald et al., 2020; Kumar et al., 2022).
It has also been used with essentially the same goalsin
other poultry species as well viz., ducks (Ogah et al.,
2009; Maharani et al., 2019), and turkeys (Ogah et al.,
2011; Ddton et al., 2017).

CONCLUSION

Present investigation revealed that all of the
correlation coefficients among body weightswere highly
significant (pd” 0.01) and positive, indicating that thetraits
had good predictability and could be useful for selection.
Low to moderate phenotypic correlation is observed
between juvenile body weight with market age body
weight (0.10 - 0.55) while higher correlations (0.63 -
0.95) were observed thereafter. The selected two
components, PC1 and PC2, collectively explain the
79.46% of thetotal variability present in the dataset. The
first component explained 66.51% variability while the
second component accountsfor 12.94% variability. PCA
was found to be very useful in reducing the number of
traits or the dimension of data and seven (BW8, BW 10,
BW12, BW14, BW16, BW18 and BW?20) out of eleven
body weight traits, associated with PC1, may be used to
predict body weight at 20 weeks, the market age of Aseel
native chicken.
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