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KATA PENGANTAR 

Sapi Bali yang juga dikenal dengan nama Bos javanicus merupakan salah satu plasma 

nutfah yang dimiliki oleh Indonesia. Keberadaannya memiliki peran yang potensial, mengingat 

karakteristiknya yakni performan yang bagus dalam hal daya pertumbuhannya di daerah 

tropis serta prosentase karkasnya. Berdasarkan data statistik, populasi sapi Bali secara 

nasional menduduki peringkat pertama, hal ini mendorong para peneliti khususnya di bidang 

peternakan untuk terus menggali lebih jauh potensi yang dimiliki dan dapat dikembangkan 

pada sapi Bali, salah satunya dengan teknologi molekuler. Dengan mengikuti perkembangan 

terkini pada riset molekuler, teknologi genotyping keseluruhan genom dengan menggunakan 

Bovine SOK SNP beadchip dihadirkan dalam penelitian kami. 

Dokumen ini merupakan kumpulan dari hasil-hasil penelitian yang telah kami 

laksanakan terkait Sapi Bali. Namun demikian, belum keseluruhan hasil penelitian kami 

sampaikan dalam bendel dokumen ini dikarenakan masih terdapat naskah yang masih dalam 

proses publikasi, terutama yang terkait dengan analisis Genome Wide Association Study 

(GWAS) terkait sifat fenotip pada Sapi Bali dan studi validasinya. Naskah yang terpublikasi di 

masa berikutnya akan kami laporkan secara terpisah kepada BPTU-HPT Denpasar. 

Harapan kami, dokumen ini dapat memberikan gambaran mengenai penerapan 

teknologi SNP dalam eksplorasi struktur dan penanda genetik pada genom sapi Bali. Disadari 

bahwa apa yang telah kami laksanakan ini masih jauh dari sempurna, oleh karena itu kami 

sangat mengharapkan adanya saran dan masukan guna perbaikan ke depan. Ucapan terima 

kasih dan penghargaan kami haturkan kepada semua pihak yang telah membantu 

terlaksananya kegiatan serta berpartisipasi, khususnya kepada Kepala dan seluruh staf di 

BPTU-HPT Denpasar. Kami berharap semoga informasi yang disampaikan dapat bermanfaat, 

terutama dalam upaya pelestarian dan pengembangan ternak lokal Sapi Bali. 
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Abstract

Background and aim: Bali Cattle (Bos j. javanicus) is a local breed originating in Indonesia, accounting for 32.3% of 
the total cattle population. To date, no studies of the genetic structure and demographic status of Bali cattle have been 
conducted, even though the breeding of Bali cattle has a long and unique history that is likely to have impacted its genetic 
diversity. Therefore, a study that used molecular breeding technologies to characterize the demography of Bali cattle would 
be timely. This study aimed to examine genome diversity in Bali cattle and estimate the linkage disequilibrium (LD) and 
effective population size (N

e
) values in the cattle population. 

Materials and Methods: In this study, we explored the population structure and genetic diversity of Bali cattle using 
genomic-level analyses. Our study primarily studied cattle that had been bred in livestock breeding centers since these 
breeds had subsequently spread throughout Indonesia. We focused on characterizing the genetic structure, determining the 
level of LD present, and estimating the N

e
 of the Bali cattle population. The genomic data used for this study were obtained 

from DNA samples of 48 Bali cattle collected at the Breeding Center of Bali Cattle as well as 54 genomic samples from Bali 
cattle collected elsewhere in Indonesia that had been used in recent publications. This genomic dataset included exclusively 
50K single nucleotide polymorphisms (SNP) array (Illumina Bovine 50SNP bead chip, Illumina, USA) data.

Results: We found that the LD values of Bali cattle from the breeding center and those raised elsewhere were 0.48±0.43 
and 0.39±0.40, respectively. Subsequently, the N

e
 value of Bali cattle from the breeding center and farmers was 151 and 96, 

respectively.

Conclusion: Our results suggest that the selection program of the breeding center is beneficial for maintaining the genetic 
diversity of Bali cattle.

Keywords: Bali cattle, effective population size, genomic data, genetic structure, linkage disequilibrium.

Introduction

Bali cattle (Bos j. javanicus) have a unique his-
tory and genetic background, as they are the only 
native Indonesian cattle that were domesticated by the 
Banteng [1,2]. Bali cattle are the most suitable for sev-
eral regions in Indonesia because they possess unique 
adaptations to the tropical environment, including a 
high growth rate even when given low-quality feed [2]. 
These characteristics make Bali cattle attractive for 
farming in Indonesia; at the time of the last census, 
Bali cattle were the predominant breed in Indonesia, 
representing 32.3% of all cattle in the country [3]. The 

breeding of Bali cattle in Indonesia has a long history 
and began with the isolation of its ancestors on the 
Island of Bali. More recently, a breeding station was 
established, which facilitated the spreading of Bali 
cattle throughout Indonesia [4]. The phases of history 
involved likely have affected the genomes of pres-
ent-day Bali cattle. Nevertheless, to date, no studies 
that examined the genetic structure and demographic 
status of Bali cattle using genomic technologies have 
been conducted. Decker et al. [5] used genome data 
from 20 Bali cattle in a study of the genetic com-
position of wild cattle from around the world, but 
detailed descriptions of some cattle types, including 
Bali cattle, remain to be explored. The use of molec-
ular technologies in animal husbandry has become 
more ubiquitous, chiefly because these technologies 
facilitate more efficient breeding and greater genetic 
improvement within livestock breeding programs. 
At present, the emergence of new products and new 
findings related to genetic markers associated with 

Copyright: Sudrajad, et al. Open Access. This article is distributed 
under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use, distribution, and 
reproduction in any medium, provided you give appropriate credit 
to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made. 
The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data 
made available in this article, unless otherwise stated.



Veterinary World, EISSN: 2231-0916 450

Available at www.veterinaryworld.org/Vol.15/February-2022/28.pdf

desirable livestock traits present great opportunities 
for further improving the livestock breeding process. 
In Indonesia, genomic-level analyses have become an 
important part of research programs designed to sup-
port the improvement of livestock genetic quality. For 
example, such analyses have been utilized to evalu-
ate Indonesian beef and dairy cattle genomes [4,6], as 
well as the relationship between PLAG1 (a gene on 
chromosome 14 of the cattle genome) with Ongole 
cattle birth weight [7].

Single nucleotide polymorphisms (SNPs) are a 
type of variation in nucleotide sequence found in DNA. 
SNPs are often stable and may also be directly related 
to protein function; therefore, they are one of the 
best genetic markers used by breeding programs [8]. 
A project to explore sequence variation in the cattle 
genome began in 2003 and was published in 2004, 
revealing that several SNPs were found [9]. Currently, 
automated SNP detection devices exist that can search 
for SNP variation in the cattle genome; these include 
the Bovine SNP50 Beadchip v3, which can detect up 
to 53,218 SNPs in the cattle genome (Illumina Inc., 
USA).

Linkage disequilibrium (LD) is one of the import-
ant parameters in population genetics; it reflects the 
degree of correlation between allelic variants found 
at different loci in a given population. Therefore, LD 
values reflect the distance between genetic markers 
and the level of inbreeding (genetic proximity) of 
individuals in a population. LD values are smaller if 
the genetic distance is greater; this may reflect histor-
ical migration, mutation, recombination, or selection 
in a population [10,11]. LD values can also be used 
to estimate population genetic parameters such as the 
effective population size (N

e
) [4,12]. Understanding 

the N
e
 is critically important for trying to maintain 

genetic diversity in a livestock population, since a 
high N

e
 reflects a great deal of genetic variation within 

this population. In contrast, a low N
e
 indicates that less 

genetic variation is present.
This study aimed to examine genome diversity 

in Bali cattle and estimate the LD and N
e
 values in 

the cattle population. Specifically, we seek to examine 
the genomic effects of the selection and breeding pro-
grams of the Breeding Center of Bali Cattle Breeding; 
to do so, we will compare LD and N

e
 values of cat-

tle bred at the breeding center with other Bali cattle 
populations bred by private farmers. Estimates will be 
obtained using the Bovine 50SNP Beadchip (Illumina 
Inc.). The results of this study may be useful as an 
assessment of breed development in Indonesian Bali 
cattle and may also be used as a basis for future poli-
cies regarding Bali cattle.

Materials and Methods

Ethical approval

All animal procedures related to sample col-
lection were approved by the Ethical Clearance 
Commission at National Research and Innovation 

Agency (Badan Riset dan Inovasi Nasional) No. 82/
Klirens/X/2021.

Study period and location

The study was carried out from March to 
November 2021. A total of 48 Bali cattle blood sam-
ples were obtained from the Breeding Center of Bali 
Cattle (Denpasar, Indonesia). The DNA isolation 
and related works were conducted at the Division of 
Biology, Integrated Laboratory of Universitas Sebelas 
Maret. In addition, genomic analysis was conducted at 
Macrogen (Korea).

Genomic data sources for Bali cattle

We obtained genomic data from 102 samples of 
Bali cattle. Forty-eight of these samples came from 
DNA isolated from the blood of 48 Bali cattle bred 
at the Breeding Center of Bali Cattle (Denpasar, 
Indonesia). The other 54 samples included 20 samples 
uploaded by Decker et al. [5] to the DRYAD database 
(http://datadryad.org/), 18 samples from the appendix 
of a publication by Hartati et al. [7], and 16 samples 
sourced from data of Sudrajad [13], which we used to 
represent Bali cattle bred by farmers. The Bali cattle at 
the breeding center were produced by a series of quan-
titative and qualitative selection processes designed 
to breed superior cattle [14]. By contrast, Bali cattle 
produced by farmers are simply those that had been 
bred according to the habits of the farmers that owned 
them.

DNA isolation was carried out as per the method 
of Sambrook et al. [15] at the Integrated Laboratory 
of Universitas Sebelas Maret (Surakarta, Indonesia). 
DNA concentration quantification was performed 
using Picogreen (Thermo Fisher Scientific Inc., USA), 
and evaluations of DNA purity were performed using 
a NanoDrop (Thermo Fisher Scientific Inc., USA) 
device. DNA samples were deemed to be of sufficient 
quality if the concentration was at least 20 ng/ L and 
the absorbance ratio at 260 and 280 nm was more 
than 1.8. DNA samples were then screened using the 
Illumina Bovine SNP50 v3 Beadchip (Illumina Inc.) at 
Macrogen (Korea) to obtain genomic data. This chip 
contains a genotyping array comprising 53,218 SNPs 
spread uniformly throughout the bovine genome.

Genome data quality control

Before analyzing the genomic structure and 
genetic diversity of Bali cattle, we filtered our 
genomic data to remove low-quality data using 
PLINK v1.07 (Purcell Lab, Harvard Medical School, 
Boston, USA) [16]. Quality control filtering for gen-
otype data was performed using the following crite-
ria: SNP variants would be maintained if the Hardy–
Weinberg Equilibrium value was not <1×10 , the 
SNP call rate was >90%, the minor allele frequency 
was <1%, and the proportion of empty SNP variants 
for each individual and the proportion of empty gen-
otypes for each variant must not exceed 10% [13]. In 
addition, our dataset included all autosomes, which in 
cattle includes chromosomes 1-29.



Veterinary World, EISSN: 2231-0916 451

Available at www.veterinaryworld.org/Vol.15/February-2022/28.pdf

Analysis of the genetic structure

Analysis of the genetic structure was performed 
in both Bali cattle populations. First, we calculated 
the expected heterozygosity (H

e
) and observed het-

erozygosity (H
o
) values and determined the value of 

the inbreeding coefficient (F
IS
) as well as the average 

genomic relationship matrix (GRM). The H
o
 and H

e
 

values were calculated using the hierfstat package 
as implemented in R v.3.2.2 (The R Foundation for 
Statistical Computing, Vienna, Austria) [17]. These 
calculations are based on the formula compiled by 
Nei [18], as follows:

1

 

  ij
o

i j

N
H

N

2

1 1

1
 1  

m k

e a
i a

H p
m

N: The number of samples tested
N

1ij
: Heterozygosity at each locus

m: The number of loci tested
2
ap : Allele frequency – a from all k allele

The F
IS
 value was also calculated using the 

same R package (The R Foundation for Statistical 
Computing) through the formula described by Weir 
and Cockerham [19], as follows:

 1 I
IS

S

H
F

H

H
I
: The average H

o
 of all samples in a population

H
S
: The average H

e
 of all samples in a population

The GRM value was calculated using Genome-
wide Complex Trait Analysis v1.25.2 (University of 
Queensland, Australia) [20]. This program generates 
two outputs: The first corresponds to SNP relation-
ships within an individual (diagonal), and the second 
corresponds to SNP relationships between individuals 
in the same population (off-diagonal). Sample vari-
ability within each population was determined using a 
negative value on the off-diagonal variance.

LD

Various statistics have been introduced to mea-
sure LD. In our study, we calculated the LD using the 
r2 formula [21], as follows:

2

2
* – *

 
* * *

f AB f ab f Ab f aB
r

f A f a f B f b

f(x) designates the frequency of the x allele. LD 
value estimation was performed using PLINK v1.07 
(Purcell Lab) [16] and was visualized using the size 
of the allele distance (kb) through R v.3.2.2 (The R 
Foundation for Statistical Computing) [17]. PLINK 
was used as a measurement tool, and the --r2 com-
mand was used to obtain the LD value of SNP pairs. 
Next, the --ld-window-r2 command was used to report 
all SNP pairs [16]. LD values range from 0 to 1; a value 
of 1 indicates a strong correlation between variants.

Effective population size (Ne)
The effective population size (N

e
) was estimated 

using the LD value and Sved’s formula, as presented 
by Xu et al. [12], as follows:

2

1 1
 * 1
4 eN

c r

c designates the recombination distance in 
Morgan’s units. N

e
 was estimated using R v.3.2.2 (The 

R Foundation for Statistical Computing) [17]. Next, 
N

e
 was plotted following estimated times in horizontal 

ordinate, which was obtained by (2c)–1. We graphed 
the resulting relationship using the ggplot2 package in 
R to obtain usable plots.

Results and Discussion

Bali cattle genome data conditions
The SNP microarray we utilized in this study 

screened for 53,218 SNPs (Illumina Inc.). Our geno-
typing dataset showed that the average percentage 
of SNPs detected (i.e., the call rate) in the Bali cattle 
genome was 97.8%. In addition, the average genotype 
score for each SNP was 0.7. These figures suggest 
that the level of reliability of the SNP data used in 
this study is high. Supplementary Figure-1 presents 
a further analysis of the reliability of our genotyping 
dataset.

The number of SNPs from Bali cattle genome 
data from the breeding center obtained after the 
genome data quality control process was 49,439 vari-
ants (93%). Conversely, the number of clean SNPs 
in farmers’ Bali cattle genome data was 52,886 vari-
ants [13]. The reduced number of variants is mainly 
because some genotypes cannot be well identified 
during the genotyping process [16].

Structure of the Bali cattle genome
Table-1 [5,7,13] summarizes the results of our 

comparative genome structure analysis of the two 
types of Bali cattle. Table-1 shows that the Bali cattle 
samples from the breeding center showed higher het-
erozygosity than the samples obtained from the farm-
ers’ Bali cattle. In addition, the inbreeding coefficient 
and the measure of relationships between individuals 
from the breeding center population samples were 
also lower than the corresponding measurements of 
the samples of the farmers’ cattle. At the same time, 
the effective population size value was much higher. 
Taken together, these figures indicate that Bali cattle 
from the breeding center are more diverse and have 
lower levels of inbreeding than the farmers’ cattle.

Furthermore, the diagonal GRM value (which rep-
resents the average relationship between variants in an 
individual within a population) of the Bali cattle from 
the breeding center was higher than that of Bali cattle 
reared by local farmers (Table-1). This indicates that 
the variant in the Bali cattle from the breeding center 
is uniformly present in that population. This is likely 
a result of the cattle breeding program applied by the 
breeding center to select desirable characteristics. When 
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Table-1: Summary statistics of observed Bali cattle populations.

Bali cattle 
population

No. of 
samples

Observed 
SNPs in BTA

Ho
1 He

2 FIS
3 GRM4 LD5 (SD) Recent Ne

6

Diagonal Off-diagonal

Breeding 
center

48 49,439 0.30 0.26 0.70 0.48 (0.43) 151

Farmers7 54 52,886 0.12 0.08 0.57 0.39 (0.40) 96
1Observed heterozygosity. 2Expected heterozygosity. 3Inbreeding coefficient. 4Average of the genomic relationship 
matrix referring to inbreeding (diagonal) and outbreeding (off-diagonal). 5Linkage disequilibrium as estimated using the 
r2 method. 6Effective population size. 7Data sources: Decker et al. [5], Hartati et al. [7], and Sudrajad [13]

considered together, our results suggest that the selection 
program of the Bali cattle breeding center is successful. 
Moreover, our findings agree with other genomic struc-
ture analyses of livestock populations [22].

LD

The uniformity of variants present in the genomes 
of Bali cattle from the breeding center can be verified 
by checking the average LD value. As per our knowl-
edge, this the first study of LD in Bali cattle; our 
results show that the calculated LD value of the Bali 
cattle population from the breeding center (0.48±0.43) 
was higher than the LD value of Bali cattle bred by 
farmers (0.39±0.40) (Table-1). This indicates that 
LD patterns will be population-specific, since LD 
depends on the genetic events experienced by indi-
viduals within a population [23]. We hypothesize that 
the higher LD of Bali cattle from the breeding center 
might be caused by the selective breeding conducted 
on the population, especially since other farmer-bred 
Bali cattle did not experience a similar selection. This 
is significant because selection can affect the level of 
variance uniformity [24]. Moreover, since high LD 
values result from recent selection, low levels of LD 
may, therefore, reflect a low selection intensity in the 
farmer-bred population [25,26].

Figure-1 shows a graph of changes in the esti-
mated LD values in interallelic distances up to 500 kb 
for Bali cattle from the breeding center. Here, we see 
that average LD values were high over a short allele 
distance and continually decreased as the allele dis-
tance increased. This trend has also been found in 
other cattle populations [11,12,23,26]. Moreover, 
when compared with LD values of cattle from other 
countries as calculated by Perez O’Brien et al. [26], 
the LD values of the Bali cattle population bred at the 
breeding center were higher than the corresponding 
values for Bos indicus cattle (0.39) but lower than 
for Bos taurus cattle (0.59). By contrast, Bali cattle 
bred by farmers showed average LD values that were 
equivalent to those of the B. indicus cattle. In general, 
LD values can differ between populations even within 
a single cattle breed, since large LD values are depen-
dent on changes in genetic composition experienced 
by individuals in the population [11,23]. LD values 
will tend to be low if the selection intensity in the pop-
ulation is low, and there is the possibility of crossing 
with native animals, as is often the case with B. indi-
cus cattle in developing countries [26].

Effective population size (Ne)

In this study, we found strong trends for N
e
 val-

ues in the Bali cattle population. Relative to N
e
 val-

ues from several generations ago, the effective pop-
ulation size of Bali cattle has experienced a sharp 
decline. However, in the more distant past (i.e., from 
40 generations ago until the present) N

e
 values were 

increased (Figure-2; Supplementary Table-1) [5,7,13]. 
This is in contrast to the most common pattern, in 
which the N

e
 of a population was much higher in the 

past and has decreased continuously until the current 
generation [4,12,23,25].

The effective population size illustrates a pat-
tern of genetic variation that can be used to explain 
population diversity from the past to the present [23]. 
Thus, we constructed a graph of the N

e
 values of 

the Bali cattle populations in this study. This graph 
illustrates that there have been efforts to increase 
the genetic variation within the Bali cattle popula-
tion since approximately 40 generations ago. Taken 
together, our analysis of effective population size 
shows that in Indonesia, the establishment of a Bali 
cattle breeding unit in 1976 and the subsequent dis-
tribution of Bali cattle to other regions, as well as 
efforts to artificially breed Bali cattle [2,4,14,22], 
have helped to maintain genetic diversity in the stud-
ied populations of Bali cattle.

The N
e
 values of the two Bali cattle populations 

studied here are both far greater than the minimum 
threshold of the Food and Agricultural Organization 
for determining whether a cattle population is far from 
extinction (i.e., an effective population size of 50 for 
each generation) [27]. Future efforts should then 

Figure-1: Graph of LD value of Bali cattle populations.
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help to maintain the genetic diversity of Bali cattle 
populations.

Conclusion

Based on observed heterozygosity levels, 
inbreeding coefficients, and GRM values, we conclude 
that the Bali cattle population bred at the breeding 
center has a higher level of genetic diversity than the 
Bali cattle bred by farmers. Moreover, the LD value 
of Bali cattle falls just above B. indicus and just below 
B. taurus, and the effective population size remains 
high. The livestock selection program implemented 
by the Breeding Center of Bali Cattle may, therefore, 
be influential in helping to maintain the genetic diver-
sity of Bali cattle. The results of this study can be used 
as a basis for developing and improving Bali cattle 
breeding policies in the future.
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Supplementary Table-1: The historical effective population size (Ne).

Bali cattle in the breeding center

Ne 151 160 153 148137142136 135 130 132 125 151 262 390 766 1980 - - - - - - - - -

Generation 11 13 15 17 19 21 23 28 40 55 71 127 335 672 1482 5104 - - - - - - - - -

Bali cattle in the locals1

Ne 96 112 118 119133128136 143 155 170 173 193 191 230 269 305 324 377 528 515 613 737 773 769 -

Generation 12 14 16 19 22 26 31 37 44 53 65 79 97 120 149 186 233 292 367 452 553 658 756 848 -
1Data Sources: Decker et al. [5], Hartati et al. [7], Sudrajad [13]
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Supplementary Figure-1: The level of reliability of SNPs in the Bali cattle genome.













 
 

ANALISIS KERAGAMAN GENETIK SAPI BALI MENGGUNAKAN 
TEKNOLOGI GENOM 

 

 

SKRIPSI 
untuk memenuhi sebagian persyaratan 

guna memperoleh derajat Sarjana Peternakan 
di Fakultas Pertanian 

Universitas Sebelas Maret 
 

Program Studi Peternakan 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Oleh : 
ALIFIA ARDIANINGSIH 

H0517005 
 
 
 
 
 
 
 
 

FAKULTAS PERTANIAN 
UNIVERSITAS SEBELAS MARET 

SURAKARTA 
2022 



xii 
 

ANALISIS KERAGAMAN GENETIK SAPI BALI MENGGUNAKAN 
TEKNOLOGI GENOM 

 
Alifia Ardianingsih 

H0517005 
 

ABSTRAK 
 

Sapi Bali merupakan salah satu ternak asli Indonesia yang perlu 
ditingkatkan nilai ekonomisnya melalui seleksi ternak berdasarkan genetik dengan 
memanfaatkan teknologi genom. Penelitian ini bertujuan untuk mengetahui tingkat 
keragaman genetik pada sapi Bali menggunakan SNP Bovine 50K Beadchip. 
Penelitian dilakukan terhadap 54 data genotip sapi Bali dari peternakan rakyat dan 
48 data genotip sapi Bali dari BPTU-HPT Denpasar. Penelitian dilaksanakan pada 
bulan April hingga Oktober 2021. Penelitian dilakukan mulai dari koleksi DNA 
melalui darah, ekstrasi DNA, genotyping, kemudian analisis data. Analisis data 
dilakukan dengan menggunakan tiga perangkat lunak yaitu PLINK v1.9., R v4.0.4., 
dan GCTA v1.93.2. Hasil penelitian ini menunjukkan heterozigositas pada sapi Bali 
BPTU-HPT lebih rendah daripada sapi Bali peternakan rakyat namun keduanya 
menunjukkan adanya keragaman genetik pada masing-masing populasi. Nilai FIS 
menunjukkan nilai negatif pada sapi Bali BPTU-HPT lebih kecil daripada sapi Bali 
peternakan rakyat yang menandakan tingkat perkawinan sedarah pada sapi Bali 
BPTU-HPT lebih rendah, namun nilai FST menunjukkan keduanya memiliki 
kedekatan genetik antar populasi. Nilai off-diagonal GRM yang negatif 
menunjukkan bahwa pada masing-masing individu dalam populasi tidak 
berhubungan erat secara genetik. Analisis MDS menunjukkan bahwa sapi Bali 
BPTU-HPT memiliki kelompok yang lebih menyebar daripada sapi Bali peternakan 
rakyat, namun kedua populasi masih berada dalam kelompok yang sama. 
Kesimpulan dari penelitian ini adalah tingkat keragaman genetik pada sapi Bali 
BPTU-HPT lebih terjaga daripada sapi Bali peternakan rakyat, namun demikian 
kedua populasi masih memiliki tingkat kedekatan genetik yang tinggi. 

 

Kata Kunci: Sapi Bali, Keragaman genetik, Teknologi genom, SNP. 
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Abstract

Background and Aim: Pleomorphic adenoma gene 1 (PLAG1) encodes a multifunctional transcription factor that controls 
many genes and pathways and is associated with cattle body weight and measurements. This study aimed to evaluate the 
association between PLAG1 polymorphisms with body weight and measurements in Bali cattle.

Materials and Methods: A total of 87 Bali cattle, consisting of 48 bulls and 39 heifers at the Breeding Center for Bali 
Cattle, were used as the population in this study. Cattle were 2 years old and kept semi-intensively in the pasture. Phenotype 
data consisting of body weight, withers height, body length, chest girth, waist height, and chest depth were measured. Birth 
weight data were obtained from birth records, and weight gain, adjusted weaning weight, and yearling weight were calculated 
using formulas. Blood samples were taken from the jugular vein as much as 5 mL, and genomic DNA was isolated using 
the salting-out method. Polymerase chain reaction (PCR) was performed to amplify three target polymorphisms, namely, 
g.48308 C>T, g.32212 (19 bp indel), and g.45233 T>C. The presence of a 19 bp indel was determined by direct observation
of the PCR product on a 2% agarose gel. Two other polymorphisms were detected by PCR-restriction fragment length 
polymorphism using the restriction endonuclease enzymes SacII and BclI. PLAG1 genotype and phenotype associations 
were analyzed using a general linear model.

Results: The results showed that two of the target polymorphisms in PLAG1 did not vary. The DD genotype indicated 
by 123 bp of PCR product was the only genotype identified for g.32212 19 bp indel, and TT genotype was the only 
genotype found for g.45233 T>C single-nucleotide polymorphism (SNP). Conversely, g.48308 C>T SNP was found to be 
polymorphic. In addition, the g.48308 C>T polymorphism of PLAG1 was significantly associated with body length of Bali 
cattle. Cattle with the CC genotype had a greater body length than the other two genotypes.

Conclusion: The g.48308 C>T SNP in PLAG1 was associated with Bali cattle body length characteristics. This finding 
could be used as a basis for selecting Bali cattle based on body length characteristics.

Keywords: association study, Bali cattle, body length, growth trait, Pleomorphic adenoma gene 1.

Introduction

Bali cattle (Bos javanicus) are indigenous 
Indonesian cattle, which are hypothesized to have 
originated from the domestication of wild Banteng 
long ago. Bali cattle breed well on Bali Island because 
the Balinese culture venerates cattle [1]. In 1986, the 
Government of Indonesia established the Pulukan 
Breeding Center which is now known as the Balai 
Pembibitan Ternak Unggul dan Hijauan Pakan Ternak 
(BPTU-HPT) Denpasar. It was founded 10 years 

after the Bali cattle breeding and development proj-
ect started. The project focused on the improvement 
of Bali cattle population and its genetic quality by 
conventional breeding program [1]. Bali cattle have 
several advantageous characteristics, including good 
adaptability to tropical climates, high fertility, resis-
tance to parasites, and low meat fat content [2,3]. 
Therefore, Bali cattle are one of the national cattle 
genetic resources that need to be maintained and used 
sustainably to optimize these advantages. Bali cat-
tle are also listed as a cattle breed by the Food and 
Agriculture Organization [4].

Bali cattle are a cattle breed with the larg-
est population in Indonesia, reaching 32.3% [5]. 
Therefore, Bali cattle play an important role in satis-
fying national meat consumption of 2.31 kg per cap-
ita, equating to the need for 624,162 tons of red meat 
[6]. However, this high demand is not supported by 
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Figure-1: Body measurement of Bali cattle according to 
SNI 7651-4: 2017. Line (a) represents withers height; 
(b) body length; (c) chest girth; (d) chest depth; and 
(e) waist height.
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the amount of meat produced, which only reached 
515,600 tons in 2020 [7]. The low production of 
meat could be overcome by utilizing the potential of 
Bali cattle as a native Indonesian genetic resource. 
Improving the genetic quality of Bali cattle must be 
conducted continuously and in a planned manner 
with measurable milestones. One way to increase the 
productivity of Bali cattle is through marker-assisted 
selection (MAS). The development of molecular 
genetics has enabled the identification of multiple 
genes and genetic markers associated with genes 
responsible for desired phenotypic traits, including 
quantitative trait loci (QTL) or genomic regions 
affecting quantitative traits and genes for a particu-
lar trait [8,9]. A widely reported gene affecting live-
stock productivity is the pleomorphic adenoma gene 
1 (PLAG1) gene [10].

PLAG1 is a member of the pleomorphic ade-
noma gene family along with PLAGL1 and PLAGL2, 
which express a class of zinc-finger proteins [11]. The 
PLAG1 encodes a multifunctional transcription factor 
that controls many genes and pathways, such as the 
Insulin-like growth factor (IGF)-II, IGF-1R, and WNT 
pathways [12]. Previous studies have reported that 
PLAG1 affects the stature and body weight of dairy 
and beef cattle [13,14]. Hartati et al. [10] found that 
a single-nucleotide polymorphism (SNP) in PLAG1 
was positively associated with Indonesian Peranakan 
Ongole cattle body measurements. PLAG1 plays a 
role in controlling the increase in body measurements 
and height in Japanese Black cattle [15]. In addition to 
body measurements, polymorphisms in PLAG1 also 
affect cattle body weight and reproductive character-
istics [16]. Xu et al. [17] reported that a 19 bp indel 
in PLAG1 was associated with growth traits and body 
measurements in Pinan, Xianan, and Jiaxian cattle in 
China. Zhong et al. [18] reported that the g.48308C>T 
polymorphism of PLAG1 significantly affected height 
and chest girth in five Chinese cattle breeds, and indi-
viduals with the CC genotype were preferred for these 
traits.

Few studies have evaluated PLAG1 in B. javan-
icus because of the limited characteristics of uniform 
cattle in a large population [19,20]. This study aimed 
to evaluate the association between PLAG1 polymor-
phisms with body weight and measurements in Bali 
cattle.

Materials and Methods

Ethical approval

All animal procedures related to samples of 
Bali cattle were approved by the Ethical Clearance 
Commission, National Research and Innovation 
Agency (BRIN) No. 81/Klirens/X/2021.

Study period and location

The study was conducted from March to 
November 2021. Blood samples of Bali cattle were 
collected at the Breeding Center of Bali Cattle 
(Denpasar, Indonesia). The laboratory works were 

carried out at the Division of Biology, Integrated 
Laboratory of Universitas Sebelas Maret.

Bali cattle population and measurement of pheno-
type data

Bali cattle used in this study were raised in the 
Bali cattle breeding center located at Pangyangan, 
Pekutatan, Jembrana Regency, Bali. The breeding 
center is located at an altitude of 125 m above sea 
level. It has an average rainfall of 485 mm/month with 
a temperature ranging from 22 to 30°C and average 
relative humidity of 70%.

A total of 87 Bali cattle, consisting of 48 bulls 
and 39 heifers, were obtained from two male pad-
docks and two female paddocks. The average age 
of the cattle was 2 years, and they were maintained 
semi-intensively with complete records. Up to 
4 kg/animal of additional feed was given in the form 
of concentrate in the morning. Although cattle easily 
received forage from the paddock, additional king 
grass was given twice in the morning and afternoon, 
at a rate of 15 kg/animal. Drinking water was pro-
vided ad libitum. This management was the same for 
all cattle kept in the paddock. All cattle in this study 
had been vaccinated for Septicemia epizootica and 
Jembrana diseases.

Body weight data were measured using a Tru-
Test EziWeigh7i digital scale (Datamars, Auckland, 
New Zealand) and expressed in kilograms. Body mea-
surement data consisting of withers height (a), body 
length (b), chest girth (c), chest depth (d), and waist 
height (e) were measured using a ruler and measuring 
tape following SNI [21] and were calculated in cen-
timeter (Figure-1). Birth weight data were obtained 
from records at BPTU-HPT Bali Cattle. Furthermore, 
data on weight gain, weaning weight, and yearling 
weight were calculated using the formulas reported by 
Chenette and Frahm [22] as follows:

BWi  BW

AA

–
WG =
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AW BW
× 205 + BW

AA

–
WW =

–
YW =

–

AW WW
× 160 + WW

AA WA

Where, WG is weight gain, BWi is actual body 
weight, BW is birth weight, WW is adjusted 205 d 
weaning weight, AW is actual body weight, YW is 
adjusted 365 days yearling weight, AA is actual age (d), 
and WA is weaning age. Body weight was expressed 
in kilograms, and age was expressed in days.

Blood sample collection and DNA extraction

Blood samples were collected from the jugular 
vein of the cattle as much as 5 mL using an 18G vac-
uum needle in a 10 mL Vacutainer tube containing 
EDTA. The collected blood samples were stored in 
the cooling box at 0°C during transportation and kept 
in the refrigerator at 4°C until further analysis. DNA 
extraction from blood samples was conducted follow-
ing the high salt method protocol by Montgomery and 
Sise [23]. The genomic DNA obtained was quantified 
using a NanoPhotometer (P-Class®, Implen, Munich, 
Germany); DNA concentration (ng/ L) and DNA 
purity were obtained by comparing the optical den-
sity at 260 and 280 nm. The concentration of genomic 
DNA in this study was set at a minimum of 20 ng/ L 
and purity greater than 1.8.

Amplification and genotyping of PLAG1

The amplification of PLAG1 targeted three poly-
morphisms, namely, g.48308 C>T, g.32212 (19 bp 
indel), and g.45233 T>C. Polymerase chain reaction 
(PCR) was conducted using a MiniAmp® Thermal 
cycler machine (Thermo Fisher Scientific, Singapore). 
The PCR reaction consisted of 12.5 L GoTaq(R) 
Green Master Mix (Promega, Madison, USA), 9.5 L 
nuclease-free water (1st BASE, Singapore), 1 L of 
each primer (Table-1) [17,18], and 1 L of template 
DNA. All materials were mixed in a PCR tube with a 
total volume of 25 L. The amplification of PLAG1 
was initiated by pre-denaturation at 95°C for 5 min, 
followed by 35 cycles of denaturation at 95°C for 
30 s, annealing, and extension at 72°C for 30 s, and the 
reaction was completed after a final extension at 72°C 
for 10 min. The annealing temperature and time are 
listed in Table-1. The PCR products were run on a 2% 

agarose gel stained with ethidium bromide (Promega) 
using the Submarine Electrophoresis System Mufid 
ex (Advance, Tokyo, Japan) for 30 min at 110 V. The 
100 bp marker ladder (Geneaid, Taiwan) was used 
as the standard for the DNA band size. The agarose 
gel was then visualized using a Gel Documentation 
System (Glite UV, Pacific Image, Taiwan).

Genotyping was conducted by observing DNA 
bands of PCR products to detect the 19 bp indel, 
and digestion of PCR products was conducted using 
the PCR-restriction fragment length polymorphism 
(PCR-RFLP) technique to detect other polymor-
phisms. PCR-RFLP was performed according to 
the FastDigest SacII protocol for the g.48308 C>T 
SNP and Fast Digest BclI for the g.45233 T>C SNP 
(Thermo Fisher Scientific Inc., Vilnius, Lithuania). 
The individual Bali cattle genotype was determined 
by 2% agarose gel electrophoresis of the digested 
PCR product. The gel was then visualized under UV 
light using a Gel Documentation System. PCR prod-
ucts of three DNA pools were sequenced to confirm 
amplicon size (Apical Scientific, Malaysia).

Statistical analysis

Genotype and allele frequencies were calculated, 
and Pearson’s Chi-square test was conducted to ver-
ify the Hardy-Weinberg equilibrium (HWE) status. 
A general linear model was applied to evaluate the 
effects of PLAG1 polymorphisms on body weight and 
measurements using MINITAB version 14.0 software 
(Minitab Inc., USA). Association analysis was per-
formed using the following model:

Y
ijk

= +G
i
+S

j ijk

Where, Y
ijk

 is the phenotype of the kth animal,  
is the population mean, Gi is the fixed effect of geno-

ijk
 is the residual 

error associated with the kth animal. Tukey’s test was 
performed to determine pairwise differences among 
the genotypes.

Results

Amplification and genotyping of PLAG1

Three DNA fragments specific to PLAG1, 628 bp, 
123 bp, and 767 bp, were successfully amplified using 
PCR (Figure-2). The 628 bp DNA fragment repre-
sented the g.48308 C>T SNP located in the 3’UTR 
region and was recognized by SacII. There were three 
genotypes, namely, the CC (502 bp and 126 bp), TC 
(628 bp, 502 bp, and 126 bp), and TT genotypes 
(628 bp, the fragment could not be digested by the 

Table-1: Primer pairs of pleomorphic adenoma gene 1 used in this study.

Polymorphism Primer (5’ to 3’) Annealing (°C/s) Amplicon (bp) RE Reference

g. 48308 C>T F: gcgcgtatcagtcaggacat 58/45 628 SacII [18] 
R: cctttgcctgttgctttccc

g. 32212
19 bp indel

F: tccgaacaacaggtgagggagaaat 60/30 142/123 - [17]
R: ccacttcaggggtgctctaggtttg

g. 45233 T>C F: gcgtgaaggagaagaagcac 56/45 767 BclI This study
R: gatcgggttatagggagggc

RE = Restriction enzyme



Figure-3: Genotyping of the pleomorphic adenoma gene 1 
based on the g.48308 C>T single-nucleotide polymorphism. 
M is the 100 bp marker ladder, CC represents Bali cattle 
with the CC genotype, CT represents Bali cattle with the 
CT genotype, and TT represents Bali cattle with the TT 
genotype.
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restriction enzyme). Thus, this study identified three 
genotypes in the Bali cattle population (Figure-3).

A 19 bp indel is located in intron 3, specifically at 
nucleotide number 32212, of PLAG1. This polymor-
phism was detected by the presence of a 19 bp indel, 
giving rise to three types of genotypes, namely, II, ID, 
and DD. Genotype II was characterized by the appear-
ance of one band at 142 bp and the DD genotype at 
123 bp, whereas the heterozygous ID produced two 
bands, 142 bp and 123 bp. The genotype detected in 
the Bali cattle population was the monomorphic DD 
genotype (100%). Another SNP identified in PLAG1, 
namely, the g.45233 T>C SNP, located in exon 4, is a 
missense variant that has been successfully amplified 
in a 767 bp DNA fragment. However, this SNP did not 
vary in the Bali cattle population.

Allele and genotype frequencies of PLAG1 in Bali 
cattle

The analysis showed that the CC genotype was 
dominant (88.5%), with an allele frequency of 0.925 
(Table-2). Furthermore, based on the HWE analysis, 
the Bali cattle population experienced an imbalance, 
as indicated by the HWE value of 15.21, which was 
greater than the X2

the 19 bp indel and g.45233 T>C SNP were monomor-
phic. All individual Bali cattle genotypes were homo-
zygous (DD and TT) for both polymorphisms. Thus, 
they could not be used for the association analyses.

Association of PLAG1 polymorphisms with body 
weight and traits

Analysis of the associations between the g.48308 
C>T SNP and body size and weight in Bali cattle are 
shown in Table-3. Statistically, the SNP g.48308 C>T 
was significantly associated with body length in the 
Bali cattle population. Individuals with the CC geno-
type had a greater body length than those with the other 
genotypes (p=0.004). In addition, these SNPs tended to 
be significantly associated with waist height and chest 
depth in Bali cattle (p=0.066 and p=0.067, respectively).

Discussion

PLAG1 is a proto-oncogene that encodes a 
zinc-finger containing transcription factor and is 
involved in many pathways. It is located on bovine 
chromosome 14 (BTA14). Based on the ensemble 
database, PLAG1 spans nucleotides 23,330,541-
23,375,751 bp on BTA14 and has five exons, four 
introns, and five transcripts [24]. This study is the 
first to determine an association between the g.48308 
C>T SNP of PLAG1 and body length in a Bali cattle 

Table-2: Allele and genotype frequencies of the g.48308 
C>T single-nucleotide polymorphism of pleomorphic 
adenoma gene 1.

Genotype frequency Allele 
frequency

2 p-value

CC CT TT C T

0.8850 0.0805 0.0345 0.925 0.075 15.21 9.6429E-05
2=Chi-square

Figure-2: Amplification of pleomorphic adenoma gene 1 polymorphisms. (a) Is an amplicon for detecting the g.48308 
C>T single-nucleotide polymorphism (SNP), (b) for detecting the 19 bp indel, and (c) for detecting the g.45233 T>C SNP.

ba c
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population. Individuals with the CC genotype possess 
a greater body length than cattle with other genotypes. 
This polymorphism has previously been reported to 
be associated with growth traits in five breeds of cat-
tle in China, revealing that cattle with the CC geno-
type had greater height and chest girth than cattle with 
the TT genotype [18]. However, the analysis showed 
that the Bali cattle population in this study was not 
in HWE. This can be caused by migration, mutation, 
recombination, or selection efforts in the popula-
tion [25]. The Bali cattle population used in this study 
was obtained from BPTU-HPT Bali cattle, which are 
allotted the task of providing superior Bali cattle. 
A selection process may have been employed by the 
agency considering that its task is to maintain and pro-
vide superior Bali cattle breeds for the community. In 
addition, Bali cattle breed well on Bali Island because 
Balinese culture respects cattle and this culture is not 
found in other parts of Indonesia [1,3,4]. This study 
also identified two other polymorphisms, namely, 
19 bp indel and SNP g.45233 T>C, but these two 
polymorphisms were monomorphic and could not be 
associated with body weight and measurement traits. 
Previous research conducted by Xu et al. [17] who 
showed a positive association between the 19 bp indel 
in PLAG1 and growth traits in Pinan, Xianan, and 
Jiaxian cattle in China. Different results were reported 
by Peng et al. [26] who found that the 19 bp indel 
in PLAG1 was not associated with phenotypic traits 
of Xianjian brown, red steppe, and Yunling cattle. 
PLAG1 has been widely reported to be associated with 
growth traits, body size or stature, and reproductive 
traits in various breeds of cattle [10,13-18]. It affects 
hip height, growth rate, carcass weight, body condi-
tion score, birth weight, and weight at different stages 
of age [27-30]. It is also responsible for growth phys-
iology [31] in milk production, body size, coat color, 
and muscle formation in cattle [32]. The association 
between birth weight and PLAG1 genotype has been 
verified in a Friesian Holstein dairy cattle population. 
The results showed that PLAG1 is related to body 
size regulation [33]. This statement is supported by 

Abi Habib et al. [31] who reported that PLAG1 plays 
a role in growth physiology. Functional mutations 
in the bovine PLAG1 have also been reported to be 
associated with stature in beef cattle [12]. In addition, 
an epistatic interaction of the PLAG1 polymorphism 
with other genes, such as IGF2 and insulin, has been 
reported in cattle [34]. QTL regions that significantly 
affect livestock height have been mapped to a region 
on chromosome 14. The mapping of quantitative trait 
nucleotides (QTNs) to the PLAG1-CHCHD7 inter-
genic region shows a positive association with cattle 
body size [13]. Moreover, a pleiotropic QTN named 
bovine HD1400007259 in the PLAG1-CHCHD7 gene 
region of BTA14 was shown to be significantly asso-
ciated with bicep and calf muscle size [35].

Selection based on genetic markers of growth 
traits is very effective in improving cattle perfor-
mance. Bali cattle, indigenous Indonesian beef cat-
tle, must be given more attention, and productivity 
must be increased through MAS [36]. Genetic mark-
er-based livestock selection programs have been very 
effective because they can be conducted as early as 
needed; thus, they are more efficient than conven-
tional livestock selection [37]. In addition, growth 
traits have a heritability of up to 0.43, which means 
that 43% of growth traits are affected by genetics [38]. 
The nature of growth is represented by body weight 
and measurements of livestock. This study showed 
that PLAG1 is one of the candidate genes responsible 
for growth traits of Bali cattle since g.48308 C>T SNP 
was significantly affected body length of Bali cattle. 
Therefore, the results of this study could be used as a 
basis for developing policies to improve the genetic 
quality of Bali cattle by the government through the 
BPTU-HPT Bali Cattle. Consequently, the function of 
the Bali Cattle Breeding Center as a provider of supe-
rior Bali cattle breeds could be optimized.

Conclusion

The g.48308 C>T SNP of PLAG1 was associated 
with the body length trait of Bali cattle. This finding 
could be used as a foundation for selecting Bali cat-
tle based on body measurement characteristics using 

Table-3: Association between the g.48308 C>T single-nucleotide polymorphism of pleomorphic adenoma gene 1 and 
body weight and traits in Bali cattle.

Trait Mean±SE p-value

CC (n=77) CT (n=7) TT (n=3)

Birth weight (kg) 18.94±0.28 18.86±0.71 19.00±1.00 0.794
Weaning weight (kg) 72.03±2.66 67.66±4.30 74.76±1.06 0.103
Yearling weight (kg) 113.47±4.64 105.75±7.45 118.27±2.27 0.101
Body weight (kg) 214.34±8.22 209.00±13.80 187.00±18.60 0.069†

Weight gain (kg/day) 0.26±0.01 0.24±0.02 0.27±0.01 0.101
Withers height (cm) 112.19±0.69 110.14±2.37 109.67±3.33 0.142
Body length (cm) 107.52a±1.17 101.86b±2.65 103.67b±1.86 0.004**
Chest girth (cm) 147.04±1.72 147.71±3.33 140.00±4.04 0.109
Waist height (cm) 111.86±0.67 107.86±2.65 109.50±1.50 0.066†

Chest depth (cm) 57.468±0.71 55.57±1.73 55.50±2.50 0.067†

SE is standard error; n is number of samples; ** indicates highly significant effect; † indicates a suggestive-significance 
effect.
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MAS, which is much more effective and efficient than 
conventional phenotypic selection. However, valida-
tion in different populations with a larger number of 
Bali cattle should be taken into account to achieve 
more reliable results.
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ABSTRACT 

Bali cattle is originated from Bali Island, Indonesia and it is spread out to Malaysia. Bali cattle 
are well known as a beef cattle with high carcass percentage and good reproduction trait. There are 
several different maintenance systems in Bali cattle i.e extensive, intensive and semi intensive. The 
aim of this study was to evaluate body sizes of Bali cattle reared under intensive and semi intensive 
systems at Breeding Center of Bali Cattle (Balai Pembibitan Ternak Unggul dan Hijauan Pakan 
Ternak (BPTU-HPT) Pulukan). Twenty Bali bulls from BPTU Pulukan were used. Body 
measurement including body length, high of hip, high of shoulder, chest circumference, chest depth, 
and body weight of Bali bull under two rearing models have been measured. Independent sample T-
test has been performed to differentiate body sizes of Bali bull by using SPSS 17.0 software. Result 
showed that all body sizes of Bali cattle reared under intensive system was significantly better than 
semi intensive system (P<0.05). Body weight of Bali cattle in intensive systems reached 
373.20±36.09 kg, on the other hand, Bali bull reared under semi intensive was only 210.75±30.14 kg. 
In addition, body measurements of Bali bull raised intensively was significantly higher than Bali bulls 
raised under semi intensive system (P<0.05). It might be caused by Bali bulls in intensive rearing 
system got richer and more complete nutritional values, therefore their genetic growth performances 
can be fully expressed. In conclusion, intensive rearing system could be applied to reach better growth 
performance of Bali bull and it could be utilized as a strategy of breeding program to fulfill national 
beef needs. 

Keywords:  body sizes, Bali bull, rearing system, intensive, semi intensive, Breeding Center of Bali 
cattle 

ABSTRAK  

Sapi Bali berasal dari pulau Bali Indonesia dan tersebar sampai wilayah Malaysia. Sapi Bali 
dikenal sebagai sapi potong dengan persentase karkas tinggi dan performans reproduksi yang baik. 
Terdapat tiga sistem pemeliharaan ternak sapi Bali yaitu ekstensif, intensif dan semi intensif. Tujuan 
dari penelitian ini adalah untuk mengevaluasi ukuran tubuh sapi Bali jantan yang dipelihara pada 
sistem pemeliharaan intensif dan semi intensif di BPTU Sapi Bali Pulukan Bali. Sebanyak 20 sapi 
Bali jantan yang dipelihara dengan sistem pemeliharaan berbeda diukur Panjang Badan, Tinggi 
Pinggul, Tinggi Gumba, Lingkar Dada, Dalam Dada, dan Berat Badannya. Analisis data 
menggunakan independent sample t-test untuk membedakan rata-rata ukuran tubuh sapi Bali dengan 
software SPSS. 17.0. Hasil menunjukkan bahwa ukuran tubuh sapi Bali jantan pada pemeliharaan 
intensif di BPTU Sapi Bali lebih baik dibanding dengan pemeliharaan semi intensif (P<0,05). Berat 
badan sapi Bali pada sistem pemeliharaan intensif mencapai 373,20 ± 36,09 kg sedangkan pada semi 
intensif hanya 210,75±30,14 kg. Ukuran tubuh sapi Bali pada sistem pemeliharaan intensif lebih 
tinggi dibandingkan semi intensif (P<0,05). Hal ini disebabkan sapi Bali jantan yang dipelihara pada 
sistem intensif memperoleh nutrisi pakan yang lebih baik dan komplit sehingga potensi genetik 
pertumbuhan terekspresi penuh. Dengan demikian, sistem pemeliharaan intensif pada sapi Bali jantan 
dapat diaplikasikan untuk memperoleh performans pertumbuhan yang lebih baik dan dapat digunakan 
untuk program pemuliaan atau seleksi dalam pemenuhan daging nasional kedepannya. 

Kata kunci:  ukuran tubuh, sistem pemeliharaan, intensif, semi intensif, BPTU Sapi Bali  


















