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Abstract

Background and Aim: Understanding the phenotypic characteristics of indigenous livestock breeds is essential for their
utilization and conservation. This study aimed to characterize indigenous chicken breeds in Indonesia based on phenotypic
traits.

Materials and Methods: Data on eight qualitative and 12 quantitative traits were recorded for 250 chickens from six
breeds: Black Kedu, Gaga, Merawang, Nunukan, Pelung, and Sentul. Data were analyzed using descriptive statistics and
one-way analysis of variance to test the effect of breed on observed traits. Moreover, principal component analysis (PCA)
was conducted separately for each chicken breed. Data on quantitative traits were subjected to Kaiser-Meyer-Olkin, which
was computed to test the sampling adequacy and the pattern of correlation among the traits, and Bathlett’s tests were used to
assess the validity of the factor analysis of each of the datasets and determine whether the partial correlations among traits
were small.

Results: We found considerable phenotypic variation in both qualitative and quantitative traits among indigenous chicken
breeds. Multicolored plumage (96.40%), wild plumage (39.20%), gold feather flick (51.20%), yellow shank (36.80%), single
comb (80.80%), red comb (94.80%), red earlobe (77.60%), and orange eyes (61.60%) were the most common features in
the indigenous chickens. In addition, breed had a significant effect on all the quantitative traits that were analyzed (p<0.05).
There were higher mean values for all quantitative traits for Pelung chickens than other chickens. In addition, the overall
mean values for all quantitative traits in Merawang chicken were intermediate between Pelung chickens and Black Kedu,
Gaga, and Nunukan chickens. The PCA showed two principal factors extracted that accounted for 77.80% and 78.38% of
the total variance in the original variables for males and females, respectively.

Conclusion: In general, body weight and body measurements, except wattle length, were loaded in PC1 as the primary
factors responsible for the variation. The phenotypic variation observed in indigenous chickens in Indonesia could provide
valuable basic information for the design of selection and genetic improvement programs.

Keywords: indigenous chickens, phenotypic variation, qualitative traits, quantitative traits.

Introduction their use as ornamentation and a source of protein.
Indigenous chickens are widely distributed across dif-
ferent agro-ecologies and often reared under the tra-
ditional scavenging system by small-holder farmers

Indigenous domestic chickens, Gallus gallus
domesticus, are an integral component of rural poul-
try production in many developing countries. In ; X X -
Indonesia, they represent 8.24% of the poultry popu- with low input for healthcare, feeding, and housing.
lation, with the current population being about 311.9  In addition, the indigenous chickens are known for
billion birds [1]. Despite their low contribution to  their high tolerance of poultry diseases, good adaptive
total poultry production, indigenous chickens serve  responses to local climatic conditions, and their ability
as an investment for rural houscholds, in addition to  to survive with feed that varies in quality and quantity,
meaning that they require low input [2].

Copyright: Maharani, et al. Open Access. This article is distributed Due to unpredictable demands for poultry prod-
under the terms of the Creative Commons Attribution 4.0 d likelv cli . iation in the fur 1l
International  License  (http://creativecommons.org/licenses/ ucts and likely climatic variation in the future, as well as
by/4.0/), which permits unrestricted use, distribution, and a necessity for the sustainable use of 1nd1genous chick-
reproduction in any medium, provided you give appropriate credit th luati d itori f th h .
to the original author(s) and the source, provide a link to the ens, the eva uation a.n moni orlqg Y cp enOtyplc
Creative Commons license, and indicate if changes were made.  characteristics of chickens are highly recommended.
The Creative Commons Public Domain Dedication waiver (http:// Phenotypic characterization is the first step required to

creativecommons.org/publicdomain/zero/1.0/) applies to the data . VR N o
made available in this article, unless otherwise stated. inform the utilization and conservation of indigenous
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livestock breeds. It allows researchers to identify phe-
notypic variation present within and between breeds,
which could be valuable for improvement and selec-
tion programs for particular economic ftraits [3].
Furthermore, efficient utilization of an indigenous breed
depends primarily on accurate knowledge of its physical
characteristics that distinguish it from other breeds or
species. There are about 31 indigenous chicken breeds
that have been recognized in Indonesia. Of these, 12
breeds are kept as ornamental chickens, 11 breeds are
kept as layer chickens, four breeds are kept as broiler
chickens, and the remaining breeds are non-descript [4].
These indigenous chickens play an important role in
constituting genetic stock of animal genetic resources.
However, information on the phenotypic characteristics
of indigenous chickens in Indonesia is lacking, mak-
ing genetic improvement, and selection programs for
traits of economic importance a formidable task [5-7].
In developing countries, indigenous chickens are poorly
characterized both phenotypically and genetically, and
this has led to the loss of poultry genetic resources [8,9].

Therefore, there is a need to determine the pheno-
typic characteristics of indigenous chickens to sustain-
ably utilize and conserve them. The characterization
of breeds based on phenotypic performance is a useful
approach because it is simple, easy, fast, and cost-effec-
tive. Therefore, this study was undertaken to phenotypi-
cally characterize indigenous chicken breeds in Indonesia.

Materials and Methods

Ethical approval

The experimental method was approved
by Research Ethics Committee of the Faculty of
Veterinary Medicine, Universitas Gadjah Mada
(00033/EC-FKH/Eks./2021).

Study period and areas

The study was conducted from July to December
2020. Six Indonesian indigenous chicken breeds, includ-
ing Black Kedu, Gaga, Merawang, Nunukan, Pelung,
and Sentul, were sampled from different regions. All the
chicken breeds analyzed in this study are indigenous to
Indonesia, but poorly investigated for their phenotypic
characteristics. The details of sampling sites in this study
are presented in Figure-1 and Supplementary Table-1.

Experimental animals and their management

Atotal of250 chickens (68 males and 182 females)
were randomly sampled from the six Indonesian indig-
enous chicken breeds. Cockerels and hens were used
for qualitative analysis for all breeds, except for Sentul
chickens for which cockerels and pullets were used for
qualitative analysis. Due to age differences, the Sentul
chickens were excluded from the comparison of quan-
titative traits among the breeds. All the chickens ana-
lyzed were reared under controlled breeding systems at
livestock breeding centers.

Traits measured
All male and female chickens were individually
assessed and scored for eight qualitative traits (plumage

color, plumage pattern, feather flick, shank color, comb
types, comb color, earlobe color, and eye color) and
12 quantitative traits (body weight, beak length, wat-
tle length, breast width, breast circumference, wing
length, breast length, femur length, tibia length, shank
length, shank diameter, and third finger length), as per
the method described by Cuesta [10] and Johari [11].
The qualitative traits for each chicken were visually
appraised and scored. Body weight was measured
using a digital scale, while the remaining quantitative
traits were measured in centimeters using a measuring
tape and Vernier caliper (0.01 mm). All measurements
were taken by the same person to avoid individual
variation during observation. All of the chicken breeds
were included for the measurement of qualitative traits,
whereas for quantitative traits, all breeds were included
except Sentul chickens due to age differences between
Sentul chickens and the remaining breeds.

Statistical analysis

Data on qualitative traits were analyzed with
descriptive statistics as percentages, while one-way
analysis of variance was performed to analyze the
effect of breeds on quantitative traits measured, fol-
lowed by Duncan’s multiple range test to test signifi-
cant differences between means (p<0.05).

The statistical model used was:

Yij=ut+G teij

where Yij is the individual body weight and body
measurement, W is the overall mean, Gi is the fixed
effect of the breed, and eij is the random error.

Principal component analysis (PCA) represents
linear combination of the available variables into
factor or component. In this study, the PCA was per-
formed separately for each chicken breed. PCA is a
method for transforming the variables in a multi-
variate dataset X1, X2............. Xp into new uncor-
related variables Y1, Y2,............ Yp, which account
for decreasing proportions of the total variance of the
original variables [12] defined as:

y=a, XX, T, +a1pxp
y,=a, X, Fa, Xt +a2px
y=a Xta Xt +a_ X
p2 pp p
with coefficients being chosen so that, vy,
Voperenraens y, account for decreasing proportions of the
total variance of the original variables X, X,............ X

The PCA was performed us1ngSPSS version 25.0

(SPSS Inc., Chicago, IL, USA) [13].
Data on quantitative traits were subjected to

Kaiser-Meyer-Olkin (KMO) and Bathlett’s tests to
assess the validity of the factor analysis of each of the
datasets and to test whether the partial correlations
among the traits were small. A KMO value of 0.50
and above was considered adequate [14].

Results

Variation in qualitative traits

Descriptive statistics for the qualitative traits of
the six indigenous chicken breeds in Indonesia are pre-
sented in Table-1, and Figures-2 and 3 show plumage
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color variation of male and female indigenous chicken
breeds, respectively. Two variants in plumage color,
white, and multicolor, were observed across the chicken
breeds. The majority of male (97.06%) and female
(96.15%) chickens had multicolor plumage, while only
2.94% of males and 3.85% of females had white plum-
age (Table-1). Wild was the most common plumage pat-
tern in the sampled chickens, being found in 39.20% of
chickens on average, followed by Columbian (34.80%),
black (23.20%), and white (2.80%). Two variants of
feather flick (gold and silver) were observed. In male
chickens, gold was the most prevalent, but it was least
prevalent in female chickens. The most common shank
color was yellow (35.29% in males and 37.36% in
females), followed by gray-green, black, white, green,
black-white, and black-yellow green.

Four comb types were observed across the six
breeds: Pea, walnut, single, and rose. The majority of

chickens (above 80.00%) had a single comb across
the breeds and in both males and females. Notably,
100% of Black Kedu, Merawang, Gaga, and Pelung
chickens had a single comb. All males and 92.86%
of female chickens had a red comb. Variations in this
trait were only observed in Black Kedu, Gaga, and
Pelung chickens. Most male (73.53%) and female
(79.12%) chickens had red earlobes. Variations in
eye color were observed across the chicken breeds.
Orange was the most predominant eye color across the
breeds, with 75.53% in males and 57.14% in females,
followed by brown, red, and pearl.

Variation in quantitative traits

Descriptive statistics for all quantitative traits
of indigenous chickens in Indonesia are shown in
Table-2. There was a significant (p<0.05) effect of
breed on all quantitative traits. Of the breeds analyzed,
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Figure-1 : Location of analyzed six indigenous chicken populations in Indonesia (MR: Merawang; PL: Pelung; ST: Sentul;
GG: Gaga; KD: Black Kedu; and NN: Nunukan) [Source: https://vemaps.com/indonesia/].

Figure-2: The plumage color variation of male indigenous chicken breeds in Indonesia. a. Black Kedu chicken, b. Gaga
chicken, c. Merawang chicken, d. Nunukan chicken, e. Pelung chicken, f. Sentul Chicken.
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Figure-3: The plumage color variation of female indigenous chicken breeds in Indonesia. a. Black Kedu chicken, b. Gaga
chicken, c. Merawang chicken, d. Nunukan chicken, e. Pelung chicken, f. Sentul Chicken.

Pelung chickens showed the highest mean values for
all quantitative traits, for both males and females. The
mean values for all quantitative traits in Merawang
chickens, for both males and females, were intermedi-
ate between Pelung chickens and Black Kedu, Gaga,
and Nunukan chickens. The overall means of body
weight, beak length, wattle length, breast width, breast
circumference, wing length, breast length, femur
length, tibia length, shank length, shank diameter, and
third finger length in male and female chickens are
presented in Table-2.

PCA

Scree plots of the component number with eigen-
values for the quantitative traits of male and female
chickens are presented in Figures-4 and 5. The Eigen
values, percentage of the total variance, rotated com-
ponent matrix, and communalities for all quantitative
traits are tabulated in Table-3. In Black Kedu chickens,
four components were extracted, which accounted for
84.18% (male) and 72.99% (female) of the total vari-
ance in the original variables. PC1 had high positive
loadings on body weight (0.915 in males and 0.920
in females). Body measurements, such as breast cir-
cumference, wing length, and shank length also had
high loadings on PC1 in both sex groups. In Gaga
chickens, three (in males) and four (in females) prin-
cipal components were extracted, which accounted
for 68.77% and 67.86%, respectively, of the total vari-
ance in the original variables. PC1 had high loadings
for body weight (0.920 in male and 0.756 in female)
alone. In Merawang chickens, five (males) and four
(females) principal components were extracted, which
accounted for 91.56% and 67.82%, respectively, of
the total variance in the original variables. PC1 was
generally correlated with body weight, beak length,
and tibia length. In Nunukan chickens, three (male)
and four (female) components were extracted, which
accounted for 84.35% and 72.75%, respectively, of

Male Chickens

1

Eigenvalue

1 2 3 4 5 6 7 8 9 10 1 12
Component Number

Figure-4: Scree plot showing component number with
eigenvalues for quantitative traits of male chickens.

Female Chickens
11 O — e S —

Eigenvalue

1 2 3 4 Bl 7 8 ] 10 1 12
Component Number

Figure-5: Scree plot showing component number with
eigenvalues for quantitative traits of female chickens.

the total variance present in the seven original vari-
ables. PC1 was highly correlated with body weight
(0.929 in males and 0.898 in females). Wattle length,
breast circumference, and breast length were also cor-
related in PCI. In Pelung chickens, four (males) and
three (females) principal components were extracted,
which accounted for 84.87% and 68.77%, respec-
tively, of the total variance present in the seven orig-
inal variables. Body weight, wattle length, and breast
width were correlated in PC1.

Veterinary World, EISSN: 2231-0916

1669



Available at www.veterinaryworld.org/Vol.14/June-2021/33.pdf

(50°0>d) juaiayip Ajaueduiubis si s1didsiadns Jualaip Y3IMm SMOJ awes ay3 ul uesw 1dudsiadng

290 SO'0FPLY 9€°0  «90°0FTZL'S 0€'0 >90°0F09°'v PE0 90'0FVL'Y [431} pP90'0FET ¥ P00 oLO0FPS'P  9lewsd
TL'0  60°0F6E£'S 80 ST'0FL9'9 PHEO oTT'0F9C'S 820 «60°0FEP'S 8E0  -60'0FL8F €20 -L00FPT'S dlen (wo) y3bus| 1abuly paIyL
v1°0 TO'0FSO'T TT°0 eC0'0F9C'T L0°0 pTO'0FC6°0 £L0°0 qTO'0F80'T 900 >TO'0FL6°0 60°0 >C0'0FTIO0'T olews4
8T'0 ¢0'0FcCe'T PT°0  0'0FES'T ST'0 -S0°0F8T'T c1'0 av0'0F9E'T TT°'0  »C0'0FSC'T SC'0  80°0FTE'T Cll=n (wo) J1o33Wwelp yueys
88'0 LO'0F6LL S9°0 <CT'OFIT'6 0S'0 -60°0FEEL 8€'0 >L0°0FPS'L 6£°0 p/0'0F90°L ¥9°'0 JIT'0F88°L  °lewsd
T0°T €T°'0F09'6 8S'0 BTOF6T'TT SO'T -EE0FEP'6 90 6T 0FPP'6  8F0 OTT'0F68'8 09°0 qJ6T°0F65°6 9|e (wo) y3bus| ueys
TL'T  PTOF6ECT  +¥8'0 ST OFTCST 060 -9T'0FC8'TT L0 «ET0OFLETCT 09°0 oITOF9T'CT  SS'0 p0T'0FCS'0T 9lewsd
P8'T  VTOFL8PT  LE'T EP'0FE0'8T 09'0 -6T'0FCS'ET 040 oCCOFL8PT ST'T  oLTOFSIOPT 980 -LZ0F8V'CIT Slen (wo) yibus| eiqiL
¢0'T 80°0¥CE'6  ¥8'0 ST OFPI'0T £9°0 -CT'0FC6'8 19°0 oI T'0F9P'6 89°0 pCT'0FPE'S 69°0 2qCT'0FSC'6 °lewsd
9C'T 9T'0F¥8E'0T ST'T 9€'0F0E'CT 640 -SCO0F8T'OT TS0 99T'0¥98°0T 990 PI9T'0FPE'6 85°'0 -8T'0FS0°0T dle (wd) ybus| Inwia4
PZ'T  OT'OFCT'OT S9'0 CT'0FCO'CT 8S'0 -TIT'OFIE6 2.0  «£T0F69°0T 850 STT'OFST'6 8’0 -80'0F9v'6  °lewsd
PC'T  9T'OFL9'TT  8P'0 ST'OF09'ET ¢80 p9C0FO0S'OT LSO o8T'0FSSCT +¥9°0 H-ST'0FCO'IT Sv'0 PT'OFCCTIT 9|e (wd) ybus| 3seaig
96'C P O0FST6T 6C'T ePCOFCP' P 89°0 oZT'OF9PLT S8°0 ST'0F6V°61T 29°0 STT'0FCC LT 69T 28C0FLT LT Slewa
L2°€  EPOFTI6'TC STT  6E0FT6°LC 00T -CE0FC86T TCT o8E0FI9CC ST'T LZ0F6L'0C  P9'C  -£8'0FP8 6T dlen (wd) yabusj sbuim
9GP  LE0F86°LT SE'E  eT9'0FLS'SE 0S°'CT 9P'0FC6'¥PC  T6'T  GIE0FCP'8C 8P'T  -LC°0FS9'SC 16T -PE'0FCS'SC  Slewsd
16°€ TS 0FEY'6C €9'T CS0FEC'SE SS'C  »pI80FSL'ST C8T olS'OFL8'TE TC'CT -¢S'0F/48'8C 9T'T pLE'0F68'SC 3l (wd) SdudlayWwndl jsealg
v0'T 80°'0FS6'9 640  PT'OFES'8 29°0 pIT'0FOT'9 9S50 q0T'0F8C'L 8€'0 pl0°0F0E'9 TP'0  -CL'0F/LS'9  olewsd
0C'T 9T'0F¥8°L 040  «CT'0F8L'6 98°0  s/C'0¥9S5'9 €20 qo/0'0FT¥'8 Y0 pTT'0FITL r'0 -ET'0F98L 9le (wd) yipim 3sealg
GS'0 Pv0'0F99'T 09°'0 eTT'OF08'T 8€0 aLO'OF6T'T 950 eOT'0FP6'T €90 eOT'0OFVL'T 0’0  L0°0FL9'T 9lewa
0C'T 9T'0F¢cv'y  LE'T £V’ 0F8E’S 08'0 oSC'0¥90°€E 86°0 TE'0FES'Y 980 0C0FVL Y TL'0  qCT'0F98'€ dlen (wd) yabus| amem
92’0 ¢0'0F¥0'C €2°0 P0'0FLE'C PI'0  <£00F66'T c1'0 q¢0°0F80°C I20 qP0°0F66'T T20 -¥0°'0F08'T 9lewa
T€'0 PO'0F8T'C 02'0 «90°0FCS'C 0C'0 ¢90°0F8T'C 12°0 e90°0FLE'T cco qS0°0FL0'C 2’0  -80°0FP8'T 9l (wo) yibusj xesg
08'0 90°0F/8'T €8°0  «ST'0¥80°E 92’0 pSO0'0F9C'T 620 S0'0FPT'C 0c'o0 pP0'0FTE'T 200 -90°0F19'T olewa4
€0 0T'0FSE'C 2S°0  9T'0FSS’E 0 pET'0FSO'T €20 aZ0°0F9L°C 92’0 »90°'0F£0°¢C 9T'0 -S0°0F96'T S|el (6>) 3ybiam Apog
AD ISFuUesn AD ASFuesan AD dSFuUesan AD ASFuUesan ND ISFuUesn AD ISFuUesan
Bunjad ue)nunpN Buemetap ebep npa)j yoe|g
lled2A0 poaa.g NETS neaj

*sSua2IYD snouabipul ueissuopul Buowe painsesw siiedy aAneluenb Jo UoIeLIBA JO JUSIDILS0D pue ‘S10Jld pJepuels ‘uesyy ig-ajqel

1670

Veterinary World, EISSN: 2231-0916



Available at www.veterinaryworld.org/Vol.14/June-2021/33.pdf

(pruo))
6TE’6 S9C°€ET 2981 9/€°0€ T9T1°0T 6SE'ST L68°LT 88%°¢¢ £€59°G¢ QoueleA |e10] Jo 9%
S8TT'T C¢6S°T €8/4°T SY9°€ 6T1C'T €¥8'T 8Y1'¢ 669°¢C 8/0°€ sanjeAuabig
LEB'0 689°0 99T°'0— 98T'0— L¥ST0 ¥86°0 SE0°0 860°0— S+8°0 v6¢°0 9T¥'0— yibua| Jabuly paiyL
91S°0 6¢0°0 LLT°0— o9v¥'0 €€S0 £56°0 €0¢'0 ¢6C°0 89T°0— v/9°0 6850 Jajawelp xyueys
£69°0 £2C°0 +S0°0 6040 vLE°0 9060 LST'0— ¢61°0— T62°0— €IT°0 980 yibua| dueys
709°0 SO0T0— ¢80°0 6T0°0 S94°0 0r6°0 S0 6/%'0— LEO'O 80¢C°0 809°0 yibua| eiqrL
8G/°0 8TE€0 960°0— ¢0S°0— 629°0 788°0 920°'0— v 0— 89T°0— 8G/°0— 0ce0 yibua| Jnwia4
Z8S°0 9€T'0— ¢TE0— ¢/L2°0 9¢9°'0 656°0 vLT°0 €690 9GS°0 04€°0— L¥0°0 yibusj 3sea.g
0S9°0 66%°0— €€°0— vreE0 64€°0 6£6°0 reo T¥0°0 €¢T°0 ¢/L8°0— 6TE€0 yabusj| sbuim
€890 9€€'0— 95¢€°0 L9%'0— VA +08°0 S/0°0 S29°0 68v'0— 06¢°0 06¢°0 20oUBaJajuindlId Jseald
6%9°0 ¢S0°0- €09°0 8900°0— £2S°0 I¥6°0 8¢9°0 ovc'0— 8¢0°0— 9610 6v°0— Uipim isealg
0820 £¥C0 S09°0 96S°0 ¥10°0 T€80 STE0— 9GS°0— 192 A0] 9t€0 8¢€E'0 yibua| s;33EM
€290 T00'0 T0S0— SCT'0— 965°0 846°0 8¢E'0 T¥T°0 795°0 9/T'0— 804°0 Uibus| xeag
T94°0 68T°0— ¢Tv'0 €0T°0— 8€/°0 798°0 66E£°0— ¢12°0 T9%°0 €8€°0 8150 ybrom Apog Buemessy
86€°6 0€6°6 SC0°LT ¢0S°TE 6v1°6 ST1C'Ct YOov LY QduelleA |e]0] Jo 9
8¢T'T ¢6T°T £v0°¢C 082°€ 860°T 99%'T 889°S san|eAuabiq
SEB'0 ¢L0°0 184°0 £€9€°0— £62°0 6€4°0 - - €8€°0 €€S°0 9GS0 yibua| J2buly paiyL
9850 9¢S'0— 0ce0— 9/T1°0— 0¢v'0 T€S0 - - ¢IT'0— €8T°0 L6970 Jajawelp xyueys
£69°0 6CT°0 S8T'0 8vE0— S¢L°0 859°0 - - €09°0— 8¢0°0 [4 N0 yibua| dueys
7/8°0 0€C0 ov¥'0— 60€°0— 6¢4°0 £58°0 - - 6€C°0 LTL°0 SES0 yibus| eiqiL
6¢S°0 €8¢C°0— +20°0 69%°0— 8/%°0 069°0 - - 0S2°0—- 68¢°0— 8€4°0 yibua| Jnwia4
8€L°0 LST°0 £80°0 S9T°0 280 SES0 - - 95¢°0— SS0°0— £€89°0 yabua| 3seaug
T€9°0 ££0°0 T42°0 08¢0 889°0 9€L°0 - - ££0°0—- S0 918°0 yabusj| sbuim
0st'0 ¢6T°0— 8S50°0 0SS0 8¢€'0 0040 - - 800°0 8€0°0— 9€8°0 0UBalajuindlid jseald
9090 0ce'0- £€1C°0—- 850 0SS0 £89°0 - - ¢1€0 £L0€°0— 0470 Uipim isealg
S/9°0 Z6S°0 €80°0— ¥S°0 LPT0— SS90 - - vLT°0 SYE0— TT4°0 uibus| aprem
£2,°0 LLY°0 6€€°0— £LSS°0— €42°0 ¥65°0 - - £0S°0 96%'0— ¢0€0 yibua| xeag
€64°0 r0°0 €00°0— 89%°0 9G/°0 698°0 - - 6T0°0— LPT0— 0¢6°0 ybiam Apog ebeo
868°6 £€GS°0T 6S0°'TT 12172084 990°0T S0C'TT CLY'8T 18470474 @duelleA |e]0] Jo 9
88T'T 99¢'1 LCE°T 8/6'Y 80¢C'T SPE'T LTC'C £€E’S sanjeAuabig
¥89°0 SCT'0 6St°0 SST°0— 659°0 9160 - 6vS°'0— A0 00— €290 yibua| J2buly paiyL
9€S'0 L6€°0 LL2°0 LEOO— 815°0 ¥18°0 - ¥8T°0— 80€°0— Z89°0 69%°0 Jolswelp yueys
vELO 0€0°0 £S0°0 89€°0 ¢/LL°0 €880 - 9¢0°0 680°0— 600°0— SE€6°0 u3bus| xueys
8v/°0 TsC°0 L6€°0 €270 ¢/0°0— 906°0 - 8¢0°0— T¥#0°0 T€EL0 £09°0 yibus| eiqiL
T4S°0 0¥'0— SO0T'0— 9€T'0— L1970 v16°0 - STE0 6SS°0 €99°0—- ¢S20 yabus| unwia
LYL°0 98T'0— €09°0— €6T°0 6SS°0 280 +84°0 €IT°0—- 9’0 89€°0 yabus| 3seaug
9040 OTT'0— ¢8T°0 9v1'0— 6640 6440 - £20°0— £€¥0°0— 610°0 1880 yabus| sbuim
9180 ¢ST°0 910°0— 9¢0°0 0680 ¢08°0 - P€0°0— EE0— 0ce0—- £92°0 dUBIJUWINDII Jseald
G89°0 SGC°0—- €TT°0— 0¥0°0— 84470 6€8°0 - GCC0— ¢eET0—- 045°0— 0¥9°0 UipIm 1seald
£98°0 609°0 €29°0— ¢/L2°0 /8T°0 809°0 - STEO 800°0 LTT0— +04°0 u3bus| ap3em
T18°0 €€S0— +60°0 £69°0 64T°0— LEG'O - €/0°0 TeL0 ¥8%°0 Tev'o Yibus| >eag
ZS8°0 ¢10°0— +20°'0 ¢/0°0 0¢6'0 1880 - 900°0— S90°0— L6T'0— ST16°0 1ybiam Apog npaj oe|d
saniljeunwwod ¥2d €2d [4e L. TOod sanljeunwwod SJd ¥2d €2d [4e . | TOod
ajeway alen Heay poa.ig

"'SpaaJq UaX21Yyd snouabipul ue|SaUOpPUT Ul PAISSJO SIS SAI3R}IIUBND JO SaljijeuNWWOod pue ‘Xijew jusauodwod pajejod ‘eduelieA |e303 Jo abejuadiad ‘sanjeAusbly :g-ajqel

1671

Veterinary World, EISSN: 2231-0916



Available at www.veterinaryworld.org/Vol.14/June-2021/33.pdf

SC9°8 8G/°69 - - - S69°6 701°89 QoueleA |e10] Jo 9%
8€0'T TLE'8 - - - €9T'T ¢/LT°8 sanjeAuablg
99/°0 - - 8¢C'0— S¥8°0 80 - - - eV 0— T18°0 yibua| Jabuly paiyL
0920 - - ¢90°0 0480 609°0 - - - 68¢C°0 S¢L'0 Jajawelp xyueys
£99°0 - - S90°0— ¥18°0 9920 - - - £LSE0— 0080 yibua| dueys
6€L°0 - - 88T°0— 6£8°0 LYL°0 - - - S¥0°0— £98°0 yibua| eiqrL
899°0 - - 650°0— ST8°0 T64°0 - - - 09€°0— €180 yibua| Jnwia4
0¥8°0 - - | X40N0) 9160 9t%8°0 - - - S00°0 0¢6°0 yibusj 3sea.g
968°0 - - 640°0— £v6°0 ZEe8'0 - - - 00T'0— £06°0 yabusj| sbuim
9/8°0 - - 850°0 v€6°0 T¢8'0 - - - 6€C°0 v/8°0 20oUBaJajuindlId Jseald
€80 - - LZT°0 €06°0 69240 - - - ¢90°0 ¥/8°0 Uipim isealg
1¢6°0 - - T06°0 [43500] 9680 - - - 92’0 €/S°0 yibua| s;33EM
G¢s’0 - - 99¢°'0— ¥/.9°0 615°0 - - - 6T0°0— 0c¢s°0 Uibus| xeag
L16°0 - - S/ZT°0 r6°0 9€6°0 - - - /L8T°0 61¥6°0 ybrom Apog |[ed9A0
6v1'6 STC'CT YOov LY ¢SL°6 TS6°ET 8€9°¢¢ TES'8E QduelleA |e]0] Jo 9
860°T 99%'T 889°S 04T°T I ZA LTLC vZ9'v san|eAuabiq
6€4°0 - €8€°0 €€S°0 9GS0 1080 - 520 £L9%°0 S¢C0—- £€89°0— yibua| J2buly paiyL
T€S0 - CIT'0— €8T°0 £69°0 £L64°0 - £6C°0 ¢0C'0— 68¢C°0 S9/2°0 Jajawelp xyueys
859°0 - €09°0— 8¢0°0 [4 200 606°0 - TS0'0— 0S€°0 ¢09°0 6¥9°0— yibua| dueys
£58°0 - 6€C°0 LTL°0 SES0 T¥6°0 - 9TT'0 €v0°0— T08°0 €€S°0— yibus| eiqiL
069°0 - 0S¢2°0— 68¢°0— 8€4°0 80 - S¢v'0 €G4°0 €80°0— 96¢°0 yibua| Jnwia4
SES'0 - 9G¢°'0— S50°0— £€89°0 €€8°0 - T6€°0— 800°0 S84°0 ¥SC°0— yabua| 3seaug
9€L'0 - ££0°0— S0 918°0 164°0 - 6v¢'0 €110 645°0 LT9°0— yabusj| sbuim
0040 - 800°0 8€0°0— 9€8°0 196°0 - 89€°0— €820 L0T°0— 6v1'0 0UBalajuindlid jseald
£89°0 - ¢TE0 L0E°0— 0470 Z89°0 - 91¢'0 1020 €€C0 SE€L°0 Uipim isealg
GS9°0 - vLT°0 SYE0— TT4°0 7880 - L6C°0— 6T0°0 vIE0 €€8°0 uibus| aprem
¥65°0 - £0S°0 96%°0— ¢0€°0 0€8°0 - T¥S°0 T8T°0— T1v°0 085°0 yibua| xeag
698°0 - 6T0°0— LPT0— 0¢6°0 916°0 - 60¢°0— 9GST°0 9€S°0 6vL’0 ybiam Apog Bunjad
£G9°6 YOT'TT 99T'€T 9v6°8¢ vv/L'8 9T/L'91 ¢68°8S @duelleA |e]0] Jo 9
ovT'T €ee't 08S'T v/.9'Y 6v0'T 900°¢ £90°L sanjeAuabig
£2L°0 L¥S°0 0€T'0— 6950 £62°0 £/8°0 - - 08€'0 0Lv'0— ST/Z°0 yibua| J2buly paiyL
2970 8G0°0— €ET0— T0S0— 9€¥'0 964°0 - - CET'0 S/T°0 6£8°0 Jolswelp yueys
T¥8°0 Z¢TIv'0— S0S°0 ¢csS0 T8€°0 Z68°0 - - zco'o 89€°0— 698°0 u3bus| xueys
LLL°0 L¥0°0 88T°0— 8870 804°0 L¥9°0 - - S¢v'0 9vT'0— 899°0 yibus| eiqiL
04S°0 PST°0— ¢00°0 890°0 9€L°0 606°0 - - €90°0— T9T1T°0— 8€6°0 yabus| unwia
0TZ°'0 T00°0 £60°0 TvE0 +94°0 ¢SL°0 - - 940°0— 6E€T'0 £G8°0 yabus| 3seaug
[SYA0) T6¥°0 0190 T¢1°0— TTE0 9060 - - ¢/.9°0 +85°0 8€E'0 yabus| sbuim
S9/°0 9v1°0 8¢0°0 0stv'0— SE€L°0 ¥98°0 - - £0C°0— 900°0— £06°0 dUBIJUWINDII Jseald
6¢8°0 ¢LED 8G5°0— /00— TT19°0 €280 - - 6v1'0— cLL0 €S¥°0 UipIm 1seald
9€8°0 €ET0— 99¢°'0 0ce0— €08°0 968°0 - - £9€°0— €G€°0 864°0 u3bus| ap3em
6¢9°0 89%°0— L8%'0— €0T°0 €0v°0 €¥8°0 - - 8€T0— 6¥9°0— +€9°0 Yibus| >eag
298°0 ¥0T°0— £€80°0 96T°0— 868°0 916°0 - - 69T1°0— SST0 6¢6°0 1ybiam Apog uexnunpn
saniljeunwwod ¥2d €2d [4e L. TOod sanljeunwwod SJd ¥2d €2d [4e . | TOod
ajeway alen Heay poa.ig

‘(panuiuo)) ig-alqeL

1672

Veterinary World, EISSN: 2231-0916



Available at www.veterinaryworld.org/Vol.14/June-2021/33.pdf

PCA was also performed for all breeds. In the over-
all males, two principal components were extracted,
which accounted for 77.80% of the total variance in
the original variables, with eigenvalues of 8.172 and
1.163, respectively. PC1 had high positive loadings on
all traits measured (>0.720), except for wattle length
(0.573). High loading was only observed for wat-
tle length (0.726) in PC2, whereas negative loadings
were observed for beak length (—0.019), wing length
(—0.100), femur length (0.360), tibia length (—0.045),
shank length (—0.357), and third finger length (—0.432)
in PC2. In the overall females, of the total variance,
78.38% was accounted for by two principal compo-
nents, with eigenvalues of 8.371 (PC1) and 1.038
(PC2). PC1 had high positive loadings on all traits mea-
sured (>0.814), except on beak length (0.674), and wat-
tle length (0.332). Negative loadings were observed in
PC2 for some traits, including beak length, wing length,
femur length, tibia length, shank length, and third fin-
ger length. Wattle length was the only variable to have
high positive loading (0.901) in PC2.

Discussion

Variation in qualitative traits
Plumage color

There was no variation in plumage color observed
in Black Kedu, Merawang, and Nunukan chickens for
both sexes, of which all the chickens possessed multi-
color plumage. Asmara et al. [7] found that black was
the most predominant plumage color in female Pelung
chickens. Meanwhile, other studies have found brown
as the common plumage color in Ethiopian chick-
ens [15] and Nigerian chickens [16] and white plumage
color as a common feature in Ghanaian chickens [8].
A little variation in plumage color was observed in this
study, which indicated intensive selection and breed-
ing programs directed toward this trait.

Plumage pattern

Our results are in agreement with a previous
finding by Syakir [17], who observed wild as the most
frequent plumage pattern in Gaga chickens. A study
by Asmara et al. [7] found that black was the most
predominant plumage pattern in female Pelung chick-
ens, but in our study, black ranked third.

Feather flick

There were no variations in feather flick as
observed in Merawang and Nunukan chickens, of
which all males and females had gold feather flick.
All Black Kedu chickens in both sexes and all female
Sentul chickens had silver feather flick. Variation in
the feather flick color could be affected by chickens
being raised at different locations. The feather flick
of chickens raised in locations with a high intensity
of sunlight could be lighter than those kept in a closed
house or under roof pen. A previous study by Sopiyana
et al. [18] found that ducks kept near the coast with a
higher intensity of sunlight appear to gleam more.

Comb types

Similar to the results of our study, the highest
proportion of single comb was also observed in Kedu
chickens by Johari ef al. [19] and in female Pelung
chickens by Asmara ef al. [7]. A single comb was also
common in indigenous chickens in Sri Lanka [20],
Bangladesh [21], and Nigeria [22,23]. Combs are
important structures for heat loss, and they reduce
heat levels through convection [24]. As the tropical
climate in Indonesia is predominantly characterized
by high ambient temperature, a single comb would be
beneficial for heat dissipation through the process of
vasodilatation.

Shank color

Variations in shank color, such as gray-green,
black, white, green, black-white, and black-yellow
green as observed in this study are similar to the vari-
ants observed in Black Kedu chickens [19] and Sri
Lanka chickens [20]. No variations for this trait were
found in Merawang and Nunukan chicken breeds for
both sexes, of which all the samples had a yellow
shank. Faruque er al. [21] detected wide variations
in shank color in Bangladeshi chickens. They were
white, yellow, black, and greenish. Asmara et al. [7]
observed black shank as being the most frequent in
female Pelung chickens, which is in contrast to our
findings. Variations in shank color are primarily
affected by the nutrition of feed sources containing
carotene [9].

Comb color

Similar to the present findings, red comb
was a common feature of indigenous chickens in
Bangladesh [21], Algeria [25], Tanzania [26], and Sri
Lanka [20]. As red coloration is an important indi-
cator of the quality of sperm in male birds [27], our
findings might indicate good fertility in the chickens
investigated.

Ear lobe

Most (73.53% in males and 79.12% in females)
of the chickens had red earlobes. As noted by some
published reports, red and white or their combina-
tion are the most common earlobe color in many
indigenous chickens, including in Algeria [25],
Ethiopia [15], Bangladesh [21], and Sri Lanka [20].
However, in Mediterranean regions, white-earlobes
are dominant in chickens [9].

Eye color

Orange was the most predominant eye color in
this study. Similarly, orange eyes are also a common
feature in Algerian chickens [24]. In contrast, Negassa
et al. [9] observed black-blue as the most predomi-
nant eye color in indigenous Ethiopian chickens.
Meanwhile, Asmara et al. [7] found three variants of
eye color in female Pelung chickens: Yellow, red, and
black. Eye color in chickens is affected by carotenoids,
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and melanin in the blood may cause changes in the
surface of the iris, which results in different iris colors
and may indicate different breeds of chickens. The red
color of iris chickens is due to the presence of capil-
laries from which blood flows, while the yellow color
is due to carotenoid deposition [28].

Variation in quantitative traits

The overall mean values for body weight, breast
circumference, wing length, breast length, and tibia
length in Merawang chickens were higher than those
reported by Hidayat er al. [6]. In addition, Sartika
et al. [29] obtained higher body weight and body
measurements for Nunukan chickens than our results.
Rachma et al. [5] found the lower body weight in Gaga
chickens, while Ashifudin et a/. [30] found the higher
body weight and body size in Kedu chicken than we
did. Mean body weight and body measurements were
also comparable with those reported for indigenous
chickens from other countries, though agro-climatic
conditions in each region and the age of the sampled
chickens may affect the results. Mean body weight
and shank length in this study were relatively simi-
lar to those reported for local chickens in Ghana [8§],
but they were relatively higher than those reported for
Nigerian [16] and Ethiopian [9] chickens. Compared
with the current results, Dahloum et al. [25] observed
the lower body weight and higher beak length in
Algerian chickens, while Faruque et al. [21] found a
higher shank length in Bangladeshi chickens.

The variations in quantitative traits compared
with the previous studies could be associated with the
genetic background of the indigenous chickens, as well
as the quality and quantity of feed resources available
in the different regions where the chickens are reared.
However, these variations could provide valuable
information for the design of genetic improvement
and selection programs for chickens, which depend
primarily on the variations present within and among
breeds or populations.

PCA

In this study, the PCA was performed separately
for each chicken breed. Data on quantitative traits were
subjected to KMO, which was computed to test the sam-
pling adequacy and the pattern of correlation among the
traits, and Bathlett’s test was used to assess the validity
of the factor analysis of each of the datasets and to test
whether the partial correlations among the traits were
small. A KMO value of 0.50 and above was consid-
ered adequate [14]. In this study, the KMO values were
0.914 and 0.948 for male and female chickens, respec-
tively. These values indicated that the sample size was
adequate to apply PCA. The Bartlett’s test of spheric-
ity results for all quantitative traits in male and female
chickens was »2=701.46 (p<0.00) and »2=1992.94
(p<0.00), respectively. These values indicated that the
datasets were also applicable to perform PCA.

The principal component matrices for all quan-
titative traits of males and females of each chicken

breed are tabulated in Table-3. The coefficients
presented indicated the relative contribution of
each variable to a particular principal factor, while
the percentage of total variance explains how well
the total component solutions account for what the
variables or measurements represent. Our findings
agree with some previous reports, which find that
body measurement is generally the primary factor
explaining variation. Dahloum et al. [25] reported
that PC1 includes the general size of the birds, such
as body length, tarsus length, and wing span in male
chickens, and comb height, breast width, and wing
span in female chickens. High positive loadings
in PC1 have also been reported for shank length,
breast circumference, and body weight in broiler
chickens [31]. The observed traits that are loaded in
the same component can be classified as the same
cluster, which can have common genomic sites for
their genetic control. Along with body measurement,
body weight has been reported to have high loading
in PC1 [30,31]. Notably, in the present study, wattle
length had the lowest coefficient for PC1, which is
the component that contributes most to the total vari-
ance, for either of the extracted components in male
(0.573) and female (0.332) chickens, indicating that
this trait had a very low contribution to explaining
the total variance.

The communalities representing estimates of the
variance in each variable observed ranged between
0.519 (beak length) and 0.936 (body weight) in males
and between 0.525 (beak length) and 0.921 (wattle
length) in females. The relatively high communalities
observed in this study are similar to those reported
for Algerian chickens (0.57-0.91 in males and 0.55-
0.92 in females) [25], Nigerian chickens (0.456-
0.963) [32], and broiler chickens (0.413-0.940) [33].
High communalities indicated that the extracted com-
ponents could explain the variables well.

Our results indicate an important biological
aspect underlying the relationships among morpho-
logical traits. Therefore, the principal components
extracted in this study could provide valuable infor-
mation for evaluating animals for selection and breed-
ing purposes.

Conclusion

We found considerable phenotypic variations in
the qualitative and quantitative traits of indigenous
chicken breeds in Indonesia. Breed had a significant
(p<0.05) effect on all quantitative traits measured.
Pelung chickens had higher body weight and body
measurements than other breeds. However, the phe-
notypic variations found in this study are unevenly
distributed among the breeds, indicating the existence
of breed-specific adaptive responses. Therefore, it is
recommended that a further molecular characteriza-
tion should be used to back up the present findings
and determine genetic variation within and among the
chicken breeds. Finally, both phenotypic and genetic
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variation should be considered together to develop
effective utilization and conservation programs.
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Supplementary

Supplementary Table-1: The details of sampling sites.

Breed Sampling sites No. of samples Geographical position (latitude/longitude)

Black Kedu Temanggung, Central Java 42 7°17'48.2"S/110°10'47.6"E

Gaga Bantul, DIY and Kendal, Central Java 48 7°50'50.6”S/110°23'48.7"E and
6°55'30.2"S/110°0910.8"E

Pelung Cianjur, West Java 40 6°49'23.5"S/107°07'13.1"E

Sentul Majalengka, West Java 40 6°43'36.3"S/108°16'41.0"E

Merawang Bangka islands, Bangka Belitung 40 2°12'30.0"S/105°5820.7"E

Nunukan Nunukan, North Kalimantan 40 4°05'48.5"N/117°42'23.9"E
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