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Abstract. Warman AT, Panjono, Fadhilah GT, Atmoko BA, Bintara S, Widi TSM, Baliarti E, Jannah ZN. 2024. The difference between Bali 
cattle and Limousine-Bali (Limbal) crossed cattle concerning their qualitative characteristics in Lombok Tengah District, Indonesia. 

Nusantara Bioscience 16: 104-110. Crossbreeding is a potential approach that farmers might employ to improve the productivity of Bali 

cattle (Bos javanicus d'Alton, 1823). Exotic cattle breeds, such as Limousin cattle (Bos taurus Linnaeus, 1758), are frequently used for 

crossbreeding. This study aimed to determine the qualitative characteristic differences between Bali cattle and Limousin-Bali (Limbal) 
crossed cattle in the Lombok Tengah District of West Nusa Tenggara Province, Indonesia. Data sampling was conducted in 2 sub-

districts, namely Pringgarata and Jonggat Sub-districts. The research used 80 adult female cattle, consisting of 40 Bali and 40 Limbal 

cattle. The average age of cattle was 4.24 years, and the average body weight was 236.66 kg for Bali cattle and 367.88 kg for Limbal 

cattle. Local farmers kept cattle using the same intensive methods. Phenotypic characterization included color and physical 
characteristics according to the guidelines provided by the Food and Agriculture Organization (FAO) and the Indonesian Institute of 

Sciences (LIPI). The Data were presented descriptively, and differences across variables were assessed using the chi-square method. 

The research indicated no significant difference in tail-tip color (P >0.05). The body and eyelid color showed a significant difference (P 

<0.05). Furthermore, legs color, buttocks color, dorsal line color, vulva color, muzzle color, horn color, face profile, backline profile, 
horn orientation, and ear orientation differed significantly (P <0.01). Thus, it can be concluded that crossbreeding caused changes in 

phenotypic characteristics in the next generation. Therefore, phenotypic characterization in the next generation of these crossbreeds 

must be conducted, and selection criteria must be established to achieve sustainable breeding goals. 
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INTRODUCTION  

Indonesia is the second most biodiverse country in the 

world (Muhtadi et al. 2023). This is also reflected in the 

diversity of its livestock, as Indonesia has indigenous and 

local cattle (Widyas et al. 2022). Indonesia’s indigenous 

cattle breed is Bali cattle. Bali cattle originated from the 

domestication of Banteng (Bos javanicus d'Alton, 1823) 

around 3500 years BC. Natural selection and climatic 

pressures in the wet tropics have adapted Bali cattle to low 

feed quality, parasites, and local diseases, giving rise to 

adaptive phenotypes (Mohamad et al. 2009; Sutarno and 

Setyawan 2015). These adaptive phenotypes include heat 

tolerance, resistance to tick-borne diseases, and survival in 

harsh environments with limited resources. The unique 

characteristics of Bali cattle make them well-suited for 
small-scale farming systems in Indonesia, where they are 

valued for their resilience and ability to thrive in 

challenging conditions. 

Bali cattle have excellent adaptability and demonstrate 

high reproductive performance, capable of giving birth 

annually. The carcass percentage is high 54-55%, low-fat 

meat, and thin skin (Zulkharnaim et al. 2010; Tahuk et al. 

2018). The existence of negative selection over a long 

period has caused Bali cattle a decrease in productivity. 

This can be observed in terms of body size, namely the 

shortened withers height, small body size, and decreased 

body weight, which cannot reach that of its ancestor, the 

Banteng. In addition to negative selection, existing Bali 

cattle have uncontrolled mating and even inbreeding 
(Sutarno and Setyawan 2015; Habaora et al. 2020). 

The development of current mating technology 

provides breeders with the mechanism to increase 

productivity through artificial insemination. In this process, 

breeders can choose breeds for mating, whether for 

purification or crossbreeding. However, crossbreeding is 

favored among Bali cattle breeders to enhance productivity 

for its high economic value (Sumantri et al. 2022). Various 

exotic cattle breeds, such as Simmental and Limousin 

cattle, have been crossed with Bali cattle, as reported by 

Baliarti et al. (2023). One region where many Bali cattle 

have been crossbred with exotic cattle breeds is Lombok 
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Island, West Nusa Tenggara Province, as documented by 

Chusna et al. (2022). 

These crossbreeds will undoubtedly change the genetic 

diversity that appears in the form of diverse phenotypic 

characteristics. Understanding livestock characteristics is 

necessary for managing genetic resources (Adinata et al. 

2023). Phenotypic characterization is the initial stage in 

conserving cattle genetic resources (Bila et al. 2023); this 

in cattle breeds is the first concern to ensure unique genetic 

resources, becoming the basis for the formation of 

improvement strategies, conservation, selection criteria, and 

rational utilization (Heryani et al. 2016; King et al. 2022). 
Phenotypic characterization of genetic resources 

generally refers to identifying populations of different 

breeds and describing them from external characteristics. 

Information on phenotypic characterization of livestock 

genetic resources can be used to measure and describe the 

genetic diversity of livestock to be understood further and 

utilized sustainably (FAO 2012). Characterization, 

inventory, and monitoring are critical in sustainable 

livestock genetic resource management. Information on 

breed characteristics is also important for effective 

planning to improve livestock genetic resources at the 

country level (Mekonnen and Meseret 2020). 

Characterization is typically classified according to 

physical characteristics such as color, size, shape, and 

genetic history (Bhinchhar et al. 2017). Various studies on 

phenotypic characterization have been conducted on 

several cattle breeds in Indonesia, such as Jabres, Ongole 

Grade, Madura, Pasundan, Kebumen Ongole Grade, and 
Rambon cattle (Adinata et al. 2023). However, information 

on the phenotypic characterization of crossbreeds of Bali 

cattle with exotic cattle in Indonesia still needs to be 

improved because the crossbreeds have higher economic 

value than its Bali cattle. Based on these considerations, it 

is important to research the differences in phenotypic 

characteristics between Bali cattle and Limousin-Bali 

crossed cattle kept by smallholder farmers in Indonesia. 

This study intends to compare the phenotypic 

characteristics of Bali cattle and Limousin-Bali crossbred 

cattle in Lombok. 

MATERIALS AND METHODS  

Ethical clearance 
The Research Ethics Commission of the Faculty of 

Veterinary Medicine at Universitas Gadjah Mada, 

Yogyakarta, Indonesia, approved the research under 

Number 00018/EC-FKH/Eks/2021, as it adhered to the 
ethical standards for animal research. 

Research region 

The research was conducted in Jonggat and Pringgarata, 

two sub-districts in the Lombok Tengah District of West 

Nusa Tenggara, Indonesia. This region is located between 
8° 24' to 8° 57' South latitude, and 116° 05' to 116° 24' East 

longitude in the middle part of Indonesia. The region has a 

tropical climate with an average yearly temperature of 

26.5°C, average humidity of 85.1%, and annual rainfall of 

160.7 mm. The two sub-districts are 100-340 meters above 

sea level (BPS 2023). 

Procedures 
The sampling technique employed was purposive 

sampling. The research location was purposefully selected 

after consulted with the Department of Agriculture on 

Lombok Tengah District, as the area is known to be a 

source of Bali cattle and their crosses. The cattle breeds 

were determined based on the cattle's physical appearance 

and mating records provided by farmers and inseminators. 

The 80 studied cattle consisted of 40 Bali and 40 

Limousin-Bali (Limbal) cattle, selected using purposive 

sampling. The cattle used were adult females with an 

average age of 4.24 years, determined by interviewing the 

farmer and observing the incisor growth. The estimated 

average body weight of cattle based on the Lambourne 

formula between Bali vs Limbal cattle is 236.66 vs 367.88 

kg. The cattle were kept by 63 smallholder farmers 
utilizing the same intensive-rearing system. The feed was 

native grass, rice straw, Pennisetum purpureum, P. 

purpureum cv. Mott, and Sesbania grandiflora. Drinking 

water was provided from wells and storage ponds. The 

cattle are tethered in enclosures throughout the day. 

Assessments were conducted by the first author during 

daylight hours in the enclosure, with each of the cattle in a 

standing position to avoid bias refers to Traoré et al. 

(2015). Qualitative characteristics observed were color 

(body, legs, buttocks, tail tip, dorsal line, muzzle, horn, 

eyelid, and vulva) and physical (horn and ear orientation, 

face and backline profile). The phenotypic characteristics 

used refer to the FAO (2012) entitled "Phenotypic 

Characterization of Animal Genetic Resources" and the 

Indonesian Institute of Sciences (LIPI) (2015) Physical 

Appearance Filling Instructions. 

Data analysis 
The data were presented descriptively, and differences 

across variables were assessed using the chi-square test. 

This statistical analysis identified significant differences 

between the breeds, providing insights into their distinct 

qualitative characteristics. Additionally, the chi-square test 

helped determine whether these variations were statistically 
significant or simply due to chance. Software of Statistical 

Package for the Social Sciences (SPSS) version 25 (IBM 

USA) was employed to analyze the variations in qualitative 

characteristics. 

RESULTS AND DISCUSSION 

Color characteristics 
The number and percentage of nine variables of body 

part color characteristics in Bali and Limbal cattle are 

presented in Table 1. It was found that muzzle color, horn 

color, legs color, buttocks color, dorsal line color, and 

vulva color were significantly different with significance (P 

<0.01). Additionally, there were significant differences in 

body and eyelid color (P <0.05). In contrast, no significant 

difference was observed in the color of the tail tip between 
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the two groups (P >0.05). Based on phenotypic appearance, 

the body colors of Bali vs. Limbal cattle are dark red 

(52.50% vs. 42.50%), dark brown (5.00% vs. 17.50%), 

light brown (35.00% vs. 15.00%), and fawn (7.50% vs. 

25.00%), respectively. The difference between Bali cattle 

and Limbal cattle is also in the muzzle color. The muzzle 

color in Bali cattle is black (pigmented) (100.00%), while 

Limbal cattle have black (pigmented) (82.50%) and light 

brown (unpigmented) (17.50%) (Table 1). 

Eyelid color in Bali cattle is 100.00% pigmented, while 

in Limbal cattle, 15.00% do not have pigment. Horn color 

in Limbal cattle is more diverse than in Bali cattle, with 
three horn colors identified: black (62.50%), brown 

(2.50%), and brown-black (35.00%). Meanwhile, Bali 

cattle have 100.00% black horn color. The white color on 

the legs differs between Bali cattle and Bali cattle crosses, 

in this case, Limbal cattle. All Bali cattle studied have 

white on their legs with clearly distinct boundaries. 

However, 15.00% of Limbal cattle have legs with indistinct 

boundaries white, and 85.00% of Limbal cattle have legs 

that match their body color. 

The white color on the buttocks of Limbal cattle is also 

different from that of Bali cattle, with 60.00% having white 

buttocks with indistinct boundaries and 40.00% having 

buttocks that are not white or mirror-shaped. Meanwhile, 

Bali cattle exhibit white buttocks with firm boundaries 

(62.50%) and white color without firm boundaries 

(37.50%). The tip tail color of Bali cattle, compared to 

Limbal cattle, was not significantly different, with the 

dominant color being black (60.00% vs. 57.50%), followed 

by brown (40.00% vs. 42.50%). The black color of the 

dorsal line between the two breeds differed; it was 

identified that 57.50% of Limbal cattle had a thin black 
dorsal line, and 35.00% had no dorsal line. Meanwhile, 

100.00% of Bali cattle exhibited a thick black dorsal line 

color. Regarding vulva color, there was also a difference 

between Limbal and Bali cattle. Bali cattle have 100% 

black vulva color, while Limbal cattle have 77.50% black, 

15.00% brown, and 7.50% a combination of black and 

brown vulva colors. 

 

 
 

Table 1. Color characteristics between Bali cattle and Limbal crossed cattle 

 

Variable 
Bali (40) Limbal (40) 

X2-Value P-Value 
N % N % 

Body color (%) 

Dark Red 

Dark brown 
Light brown 

Fawn 

 

21 

2 
14 

3 

 

52.50 

5.00 
35.00 

7.50 

 

17 

7 
6 

10 

 

42.50 

17.50 
15.00 

25.00 

10.168 0.017 

Muzzle color 

Pigmented 
Not pigmented 

 

40 
- 

 

100.00 
- 

 

33 
7 

 

82.50 
17.50 

7.671 0.006 

Eyelid color 

Pigmented 

Not pigmented 

 

40 

- 

 

100.00 

- 

 

34 

6 

 

85.00 

15.00 

6.486 0.011 

Horn color 

Black 

Brown 

Brown-Black  

 

40 

- 

- 

 

100.00 

- 

- 

 

25 

1 

14 

 

62.50 

2.50 

35.00 

18.462 0.000 

Legs color (%) 

White with distinct boundaries 

White with indistinct boundaries 

Same as body color 

 

40 

- 

- 

 

100.00 

- 

- 

 

- 

6 

34 

 

- 

15.00 

85.00 

80.000 0.000 

Buttock color (%) 

White with distinct boundaries 

White with indistinct boundaries 

Same as body color 

 

25 

15 

- 

 

62.50 

37.50 

- 

 

- 

24 

16 

 

- 

60.00 

40.00 

43.077 0.000 

Tail tip color (%) 

Black 

Brown  

 

24 

16 

 

60.00 

40.00 

 

23 

17 

 

57.50 

42.50 

0.052 0.820 

 

Dorsal line (%) 
Thick Black 

Medium Black 

Thin Black 

Absence 

 
40 

- 

- 

- 

 
100.00 

- 

- 

- 

 
- 

3 

23 

14 

 
- 

7.50 

57.50 

35.00 

80.000 0.000 

Vulva color 

Black 

Brown 

Combination 

 

40 

- 

- 

 

100.00 

- 

- 

 

31 

6 

3 

 

77.50 

15.00 

7.50 

10.141 0.006 

Note: N: Number of observations; %: Percentage of observations; X2-Value: Chi-square value 
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Table 2. Physical characteristics between Bali cattle and Limbal crossed cattle 

 

Variable 
Bali (40) Limbal (40) 

X2-Value P-Value 
N % N % 

Facial (head) profile 

Straight 

Concave 

 

40 

- 

 

100.00 

- 

 

18 

22 

 

45.00 

55.00 

30.345 0.000 

Backline Profile (%) 

Straight 

Slopes down from withers 

 

13 

27 

 

32.50 

67.50 

 

26 

14 

 

65.00 

35.00 

8.455 0.004 

Ear orientation 
Erect 

Lateral 

 
36 

4 

 
90.00 

10.00 

 
7 

33 

 
17.50 

82.50 

42.288 0.000 

Horn orientation 

Upward 
Laterally 

Backward 

Downward 

 

1 
- 

38 

1 

 

2.50 
- 

95.00 

2.50 

 

33 
5 

2 

- 

 

82.50 
12.50 

5.00 

- 

68.518 0.000 

Note: N: Number of observations; %: Percentage of observations; X2-Value: Chi-square value 

 

 
 

Physical characteristics 
The physical characteristics of the female Bali and 

Limbal cattle are presented in Table 2. Bali and Limbal 

cattle face profiles, backline profiles, ear orientation, and 

horn orientation are significantly different (p <0.01). The 

face profile of Bali cattle is 100.00% straight, while in 

Limbal cattle, the dominant face profile is concave 

(55.00%), followed by a straight face profile (45.00%). 

Concerning the backline profile, Bali cattle exhibit 

dominant slopes down from withers (67.50%), whereas, in 

Limbal cattle, the dominant backline profile is straight 

(65.00%). The ear orientation in Bali cattle is dominantly 
erect (90.00%), while in Limbal cattle, the ear orientation is 

dominantly lateral (82.50%). Furthermore, Bali cattle have 

dominant horns pointing backward (95.00%), while in 

Limbal cattle, the dominant horns point upwards (82.50%). 

Discussion 

The reddish-brown body color is the predominant color 
observed in local Indonesian cattle breeds especially 

Madura cattle (Kurniati et al. 2022), Aceh cattle 

(Widyaningrum et al. 2021), Katingan cattle (Utomo and 

Widjaja 2021), Pesisir cattle (Putra et al. 2018), and 

Pasundan cattle (Said et al. 2017). The increased yellowish-

brown color in Limousin-Bali crossbred cattle is a 

characteristic inherited from Limousin, considering that 

Limousin belongs to the yellow-brown (chestnut) group of 

cattle, generally exhibiting yellow, red, and brown colors 

(Alderson 1992). Body color indicates genetic purity and is 

valuable for branding a cattle breed (Kimura et al. 2022; 

Kunene et al. 2022). Additionally, body color is a factor 

that influences an animal's ability to withstand heat stress 

and resist fly and tick attacks (Islam et al. 2022). Cattle 

with brighter colors demonstrate higher adaptability to heat 

stress than those with black fur, making them more suitable 

for extensive systems in hot climates (Anzures-Olvera et al. 
2019; Isola et al. 2020). In addition to adaptability, cattle 

with lighter coat colors exhibit better weight gain than 

dark-colored cattle, as observed in Tharparkar cattle (Bos 

indicus Linnaeus, 1758) in India (Rashid et al. 2019). 

Ongole Grade and Madura cattle are local Indonesian 

breeds with a black muzzle color, similar to Bali cattle 

(Hartatik et al. 2018; Kurniati et al. 2022). This 

characteristic is also evident in the crossbreeding of 

Limousin cattle with Madura cattle, resulting in a black and 

red muzzle color (Hartatik 2014), consistent with the 

muzzle color observed in Limbal cattle in this study. The 

melanocyte process influences the diversity in muzzle 

color, which melanocortin receptors regulate. This process 

involves the distribution of pheomelanin and eumelanin as 

color determinants in the fur and snout (Kim et al. 2014). 

Apart from serving as a means of livestock identification, 
muzzle color is now utilized in biometrics for identification 

purposes, analogous to fingerprints in humans (Li et al. 

2022; Lee et al. 2023). 

The black eyelid pigment in Bali cattle is also found in 

local Indonesian Pasundan cattle (Said et al. 2017). Then, 

the unpigmented eyelid color in Limousin-Bali cattle is 

also found in several cattle breeds in taurine in West 

Africa, namely N'Dama, Lagunaire, Lobi, and Somba 

(Grema et al. 2017). Similarly, Rarámuri Criollo cattle 

developed in the United States have unpigmented eyelids 

that account for 19% of the total population (McIntosh et 

al. 2020). The production of melanin pigment from 

melanocytes in the skin influences the pigmentation of the 

eyelids. Non-genetic factors such as environmental and 

physiological conditions cause differences in skin 

pigmentation in each cow (Jara et al. 2022). Low 

pigmentation of the eyelids can cause several eye diseases, 

such as squamous cell carcinoma and keratoconjunctivitis, 
which can affect cattle production (Jara et al. 2020). 

The horn is a bony core surrounded by a sheath of 

cornified epithelium. It is present in livestock belonging to 

the Bovidae family, including buffalo (Bubalus bubalis), 

cattle (Bos taurus Linnaeus, 1758, B. indicus, and B. 

javanicus), goats (Capra hircus Linnaeus, 1758), and sheep 

(Ovis aries Linnaeus, 1758) (Knierim et al. 2015). The 

shape and length of horns are specific to each species and 

breed, exhibiting high variation between individuals 

(Grobler et al. 2021). Horn variation is evident in Bali and 
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Limbal cattle in Indonesia. The black color of horns in Bali 

cattle is also observed in Aceh cattle (Hartatik 2014), 

Madura cattle, and Jabres cattle (Adinata et al. 2023). The 

diversity of horn color in Limbal cattle is also found in 

Hungarian Grey cattle, albeit with different variants of horn 

color. In Hungarian Grey cattle, horns come in white, 

green, and cardy (a mixture of green and white) (Zsolnai et 

al. 2021). Regarding the orientation of horns, the dominant 

upward orientation observed in Limousin cattle crosses 

with Bali cattle is also found in Limousin cattle crosses 

with Madura cattle (Limura) (Hartatik 2014). While horns 

are not a trait directly impacting productivity, they hold 
significance as a physical trait employed as a selection 

criterion in Ankole cattle in Uganda (Kugonza et al. 2012) 

and Taccek (display) cattle on Madura Island, Indonesia 

(Herviyanto et al. 2020). 

The white coloration on the legs and buttocks in Bali 

cattle is also observed in Madura and Pasundan cattle, 

where the white color exhibits indistinct boundaries 

(Maylinda et al. 2017; Said et al. 2017). Similarly, the 

black dorsal stripe identified in Bali cattle is found in the 

local Indonesian breed of Galekan cattle (Kuswati et al. 

2022). Despite sharing some characteristics, a genetic 

distance exists between local Indonesian cattle breeds. 

There is a higher genetic similarity between local breeds 

such as Madura, Galekan, and Bali cattle. Still, Aceh, 

Ongole Grade, and Pesisir cattle have a genetic similarity 

closer to Indian zebu cattle (Mohamad et al. 2009). Cattle 

breeding in Indonesia has developed unique and adaptable 

genetic resources by merging the zebu ability to endure 
tropical and arid climates with the native Banteng 

adaptation to local environments and farms (Mohamad et 

al. 2012). 

The characteristics observed in Limousin-Bali 

crossbred cattle are also evident in Simmental crossbred 

cattle with Bali cattle. These characteristics include legs 

sharing the same color as the body, buttocks color 

following the body color, and a white border on the 

buttocks with indistinct boundaries. However, Simmental 

crosses with Bali cattle still exhibit a thick black dorsal line 

(Chusna et al. 2022). In contrast, the crossbreeding of 

Limousin cattle with Madura cattle results in similar body, 

rump/buttock, and leg color as observed in the cross of 

Limousin cattle with Bali cattle. Notably, a distinction is 

found in the dorsal line, where Limousin crossbred Madura 

cattle lack a dorsal line (Hartatik 2014), while in Limousin 

crossbred Bali cattle, a thin to medium black dorsal line is 
still present. 

The facial morphology characterized by a straight face, 

as seen in Bali cattle, corresponds to the results reported by 

Gelaye et al. (2022) in indigenous cattle from Southwestern 

Ethiopia and Getaneh et al. (2019) in Malle cattle. In 

contrast, Limbal cattle's predominantly concave facial 

profile reflects the facial shape inherited from their 

Limousin ancestors (Alderson 1992). Additionally, the 

predominantly straight-back profile of Limbal cattle is a 

physical characteristic shared with several taurine cattle 

breeds in Africa, such as Kuri, N'Dama, Lagunaire, Lobi, 

and Somba (Grema et al. 2017; Edouard et al. 2018).  

The dominant upward ear orientation in Bali cattle is in 

line with the research of Karnuah et al. (2018) found in 

beef cattle in Liberia, West Africa, namely N'Dama and 

Muturu. The lateral ear orientation in Limbal cattle is 

similar to the results of research by Gelaye et al. (2022) on 

local cattle in Southwestern Ethiopia. The laterally oriented 

ear is composed of well-developed muscles that allow the 

ear to be moved even to listen to faint sounds from distant 

locations (Woldeyohannes et al. 2019). 

These phenotypic characteristics facilitate the easy 

identification of cattle breeds due to the unique attributes 

inherent in each breed. Phenotypic variations within local 
livestock genetic resources signify the presence of genetic 

diversity that merits conservation efforts. A comprehensive 

understanding of phenotypic characteristics in local 

livestock is crucial for formulating conservation policies to 

preserve these valuable resources (Yakubu et al. 2022). In 

addition to phenotypic changes, crossbred cattle are 

anticipated to manifest heterosis effects in the subsequent 

generation, enhancing productivity and influencing the 

economic value generated (Chusna et al. 2022). 

Crossbreeding is a process that aims to create new cattle 

breeds to meet the market’s demands. However, 

crossbreeding should not be done carelessly, as it may 

endanger the purity of local livestock (Sutarno and 

Setyawan 2015). Studies have shown that the crossbreeding 

program in Indonesia has failed because it is solely based 

on body weight selection, while other productive and 

adaptive traits are overlooked (Widyas et al. 2022). 

Therefore, it is crucial to formulate a crossbreeding and 
purification plan that will lead to genetic improvement. 

Strategies that can be applied to achieve sustainable 

livestock breeding are at the policy, environmental, and 

farms level. The policy and ecological level includes the 

implications of government policies in agriculture, 

infrastructure, farmer involvement, setting breeding goals 

and production systems that take place based on the region 

and market targets. At the farm level includes breeding by 

purification or crossbreeding, livestock recording and data 

processing, reproduction methods, genetic analysis and 

estimation of breeding values, and selection and monitoring 

of genetic progress (Philipsson et al. 2006; Leroy et al. 

2016). The strategy applied for crossbreeding Limousin 

cattle with Bali cattle certainly refers to the principles 

described above. The goal is for crossbreeding to continue 

at the breeder level with regular monitoring and evaluation 

by the local government and research institutions and to 
ensure that Indonesia's indigenous genetic resources are 

preserved. 

The phenotypic characterization of Bali and Limousin-

Bali cattle revealed significant differences between the two 

breeds in terms of body color, eyelid color, legs color, 

buttocks color, dorsal line color, vulva color, muzzle color, 

horn color, face profile, backline profile, horn orientation, 

and ear orientation. These findings conclude that 

crossbreeding induces changes in phenotypic 

characteristics in the subsequent generation. Consequently, 

it is imperative to conduct phenotypic characterization in 

the next generation of this crossbred and establish selection 

criteria to attain sustainable breeding goals. The results of 
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this study are expected to be a basic reference in genetic 

improvement, conservation efforts, the development of new 

breeds, and in setting selection criteria for crossbred cattle 

in the future. Further research related to phenotypic 

adaptation and genotype testing needs to be conducted to 

obtain more comprehensive information on the 

development of crossbred cattle in the future. 
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