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Abstract: The important elements in rearing dairy young stock are good farm management, 
proper growth and optimal costs of rearing. A survey on these important elements was 
conducted at two commercial farms in Johor and Sabah in 2019. The farm herd size is 214 
heads and 2,221 heads with 163,682 litres and 4.2 mil. litres of milk production, in Johor and 
Sabah respectively. In addition, the body weight data of 188 dairy young stock was collected 
and analysed to determine the growth performance using polynomial growth function. The 
results showed the two farms have youngstock with different Friesian blood levels (60% 
and 70% in Johor, and 87.5% in Sabah) with different growth performance. The average 
weight of dairy young stock with 60%, 70% and 87.5% Friesian blood levels at birth were 
21.31±3.70kg, 22.33±2.23kg and 26.55±2.68kg, respectively, while average weight at 3 
months of age were 45.00±7.07kg, 55.57±8.36kg and 75.84±12.54kg, respectively. Heifers 
with 87.5% Friesian blood levels was bred at 15 months of age (444kg) while heifers with 
lower Friesian blood levels was bred 6 months later (250kg). The average rearing (feed) cost 
was RM4,932 (USD1,194)/heifer. The findings of this study can give awareness and insights 
in the performance and costs of rearing crossbreed dairy young stock in tropics. 

Keywords:  tropical, dairy, young stock, management, rearing cost

Abstrak: Unsur-unsur penting dalam pemeliharaan ternak muda perah adalah manajemen 
peternakan yang baik, pertumbuhan yang tepat dan biaya pemeliharaan yang optimal. 
Sebuah survei tentang elemen-elemen penting ini dilakukan di dua peternakan komersial 
di Johor dan Sabah pada tahun 2019. Ukuran kawanan peternakan adalah 214 ekor dan 
2.221 ekor dengan 163.682 liter dan 4,2 juta ekor. liter produksi susu, masing-masing di 
Johor dan Sabah. Selain itu, data bobot badan 188 ekor sapi muda perah dikumpulkan dan 
dianalisis untuk mengetahui performa pertumbuhan menggunakan fungsi pertumbuhan 
polinomial. Hasil penelitian menunjukkan kedua peternakan memiliki bibit muda dengan 
kadar darah Friesian yang berbeda (60% dan 70% di Johor, dan 87,5% di Sabah) dengan 
performa pertumbuhan yang berbeda. Rata-rata berat badan anak sapi perah dengan kadar 
darah Friesian 60%, 70% dan 87,5% saat lahir adalah masing-masing 21,31±3,70kg, 
22,33±2,23kg dan 26,55±2,68kg, sedangkan rata-rata berat badan pada umur 3 bulan 
adalah 45,00± 7.07kg, 55.57±8.36kg, dan 75.84±12.54kg, masing-masing. Sapi dara dengan 
kadar darah Friesian 87,5% dikawinkan pada usia 15 bulan (444kg) sedangkan sapi dara 
dengan kadar darah Friesian lebih rendah dikawinkan 6 bulan kemudian (250kg). Biaya 
pemeliharaan (pakan) rata-rata adalah RM4.932 (USD1.194)/heifer. Temuan penelitian ini 
dapat memberikan kesadaran dan wawasan tentang kinerja dan biaya pemeliharaan ternak 
muda perah persilangan di daerah tropis.

Kata kunci:  tropis, susu, ternak muda, manajemen, biaya pemeliharaan
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Introduction

The livestock sector plays a vital role in fulfilling 
the demand for milk, meat, and dairy products. The 
livestock subsector in Malaysia contributed 14.9% 
of agro-food production in 2019 (Uzir, 2019). The 
Malaysian government had developed National 
Agro-food Policy 2011-2020 and Dairy Plan 2021-
2025 to improve the dairy industry. Besides, banks 
(e.g., Agrobank and commercial banks) and financial 
organizations (e.g., Perbadanan Usahawan Nasional 
Berhad) also provide loan schemes for the livestock 
and dairy industry in Malaysia (Faghiri et al. 2019). 
Consequently, through an efficient livestock system 
approach, increasing production capacity, and 
maintaining optimal production costs, a 100% self-
sufficiency level (SSL) in 5 years can be achieved. It 
showed that in 2019, there was a 37% gap for Malaysia 
before it could become self-sufficient in fresh milk 
production. As per capita consumption of milk showed 
an increasing trend from 1.5 liters to 2 liters (2014-
2019) (DVS, 2020), the Malaysian dairy industry needs 
all efforts to improve the farm production or else, in the 
future, it could remain to be relying heavily on milk 
importation to fulfill the domestic demand.

A dairy farm needs on average 25% of healthy and 
genetically superior dairy young stock annually to 
replace the culled dairy cows and maintain the herd 
size (De Vries, 2017). As genetic selection enable the 
sustainability of the heifer production system (Davis & 
White, 2020), the Department of Veterinary Services 
(DVS), Malaysia, started a crossbreeding program 
between the Sahiwal and the Friesian breed to produce 
high milk producer Mafriwal crossbreed with local 
disease resistance (Mastura et al. 2019). Monitoring 
the growth of young stock at specific times during 
its development enables the dairy farmer to be sure 
their young dairy stocks are on target, ensuring good 
performance in future dairy cows and increasing farm 
profits (Costa et al. 2021). For example, the calf’s birth 
weight is one of the important factors to the subsequent 
growth, development (Van Eetvelde & Opsomer, 
2017), and consequently on milk production (Rahbar 
et al. 2016). Yet, it is not a common practice for small-
scale and semi-holder dairy farms to weigh their young 
stock as an electronic weighing scale is costly to obtain 
(Lukuyu et al. 2016; Tebug et al. 2018). Understanding 
the growth of the young dairy stock can enhance the 
feeding strategy and management appropriately to 
optimize heifer production (Franco et al. 2017). 

Rearing a heifer successful is a large investment, and 
the cost of breeding a young dairy stock from birth 
to first calving age can vary between RM4,710 (USD 
1,124) to RM9,048 (USD 2,159) (Gabler et al. 2000; 
Heinrichs et al. 2013; Hawkins et al. 2020). (Currency 
convert 12th July 2021). Rearing dairy young stock 
represents 15-20% of the total cost of milk production 
(Hutchison et al. 2017). Do et al. (2013) stated that 
reducing the age at first, calving from 32.8 months to 
22.3 months (10 months), enable farmer earns an extra 
profit of RM6,779 (USD1,636) (currency convert 22nd 
June 2021). It is crucial to understand and control the 
cost of rearing young dairy stock to remain competitive 
in the industry (Dhuyvetter, 2020). To our knowledge, 
there are only a few studies about young stock rearing 
in Malaysia. The current research is important to 
increase the awareness of important stakeholders in the 
dairy industry of the growth, management practices, 
and cost of rearing and to ensure the dairy industry’s 
sustainability. 

The study’s objectives are (1) to determine the 
management practices and the costs of rearing, and 
(2) to analyze the growth performance of young dairy 
stock from birth to first calving age based on Friesian 
blood level in Malaysia. This study hypothesizes that 
different farm management practices in commercial 
farms determine the overall rearing cost. The results 
from this study will elucidate the total rearing cost 
of young dairy stock from birth to first calving age 
under different farm management and provide further 
insights into the profitability and sustainability of the 
dairy farms in Malaysia.

Methods

Two dairy farms were selected by convenient sampling 
based on the availability of bodyweight data where 
each of the dairy farms is in Keningau, Sabah (5.3289 
°N, 116.1826°E) and Ayer Hitam, Johor (1.9941° N, 
103.2207° E). These are intensive system, commercial 
and Malaysian Good Agricultural Practice (MyGAP) 
certified farms with Friesian crossbreed. The land size 
of the dairy farm in Johor is 600 acres and 277 acres 
in Sabah. Data of total milk production and herd size 
(2017-2019) were retrieved from the Dairy Farmers’ 
Association (PPTS), Dairy Industry Service Centre, 
Sabah (PPIT), and Ayer Hitam Livestock Breeding 
Centre (PTH) (Figure 1). The herd size of the dairy 
farm was 214 heads and 2,221 heads, and total milk 
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Group C=87.5% Friesian blood levels (n=150, 1,022 
observations). Data was edited by, firstly removing 
data of 1 female calf (40% Friesian blood level) and 34 
male calves where there are 26 male calves with 60% 
Friesian blood levels and eight male calves with 70% 
Friesian blood levels. 

Blood level of calf (%) =Friesian blood of sire (%) + 
Friesian blood of dam (%) (Eq.2)

Where: Blood level of calf (%)  (blood level of calf); 
Friesian blood of sire (%) (Friesian blood of sire); 
Friesian blood of dam (%) (Friesian blood of dam).

Secondly, the bodyweight data were sorted according 
to the age (days) calculated in equation (3). Thirdly, 
the bodyweight at different age groups (0, 3, 6, and 12 
months) was analyzed descriptively. Fourthly, as mature 
bodyweight data was unavailable, third-degree (cubic) 
polynomial regression analysis was derived using 
data analysis add-in software to form the following 
mathematical expression (Eq.4-Eq.6) for each Friesian 
blood level category to predict the daily body weight. 
The predicted bodyweight was fitted into a polynomial 
regression equation to plot the growth curve. Finally, 
the coefficient of determination (R2) was determined to 
ensure the goodness of fit of the regression model. Data 
was collected, edited, and analyzed in the Microsoft 
Excel (Microsoft Corp. Redmond, WA, USA) and IBM 
Statistical Package for Social Sciences (SPSS) version 
25.0.

Age (day)= Measured Date - Birth Date    (Eq.3)

Y60% = 21.603 + 0.2697x + 0.0004x2 + (-4E-07x3)
          (Eq.4)

Where: Y60% (Predicted bodyweight for 60% Friesian 
blood level (kg)); Y0 (21.603kg)(Average birth weight 
for 60% Friesian blood level young stock); x (Age 
(day). 

Y70% = 22.579 + 0.3045x + 0.0002x2 + (-3E-08x3)
          (Eq.5)

Where:  Y70%(Predicted bodyweight for 70% Friesian 
blood level (kg)); Y0 (22.579kg) (Average birth weight 
for 70% Friesian blood level young stock ); x (Age 
(day))

production was 163,682 liters and 4.2 mils liters in 
Johor and Sabah, respectively. The data were edited 
and analyzed descriptively. 

A survey was conducted where a questionnaire was 
tabled. The questionnaire developed in the Malay 
language was consisted of 6 open-ended, ten closed-
ended, and one semi-open question and categorized 
into two sections; Section A: management and 
prices during the dairy young stock rearing (feed, 
housing, labor, reproduction and disease control, and 
prevention) and Section B: The background of the 
farm manager (gender, level of education and years of 
experience). The questionnaire is available by request 
to the corresponding author. The survey data was 
edited and was used to calculate the cost for each type 
of feed at different rearing periods: i) birth to weaning 
age (i.e., raw milk and calf milk replacer); ii) weaning 
to conception age (i.e., dairy cattle pellet and own 
total mixed ration) and iii) conception to first calving 
(i.e., dairy cattle pellet and own total mixed ration) in 
each farm using equation (1) adapted from Ang et al. 
(2021):

Σ Cost of rearing = [((Price (1,2,3..n)×Amt(1,2,3..n)) × 
Freq)×(Periodi)]  (Eq.1)

Where: Price1,2,3..n (Market price per kg or litre of 
feed (Different feed type 1,2,3..n) (RM)); Amt1,2,3..n 
(Amount given for feed type 1,2,3..n (kg or litre)); 
Freq (Number of feeding frequency per day (times));   
Periodi (Number of days during rearing period i).

Feed prices used included raw milk (RM2.90/liter), 
calf milk replacer (CMR) (RM 336/25kg), dairy cattle 
pellet (RM81.20/50kg), and total mixed ration (TMR) 
(RM61.50/50kg). Only feeding costs were considered 
in our study (USD1=MYR4.12 currency convert 6th 
June 2021) as it represents the highest costs in young 
stock rearing (Boulton et al. 2017). 

The individual animal data and body weight data 
were collected from 73 animals in Johor and 150 
animals from Sabah and contained variables such as 
identification number, dam identification number, birth 
date, date of weighing, and the Friesian blood levels 
percentage for crossbreed dairy young stock (Equation 
2) categorized into i) Group A=60% Friesian blood 
levels (n=26; 360 observations); ii) Group B=70% 
Friesian blood levels (n=12, 164 observations) and iii) 
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Malaysia can be characterized as MyGAP certified, 
practicing proper record keeping, and availability of 
bodyweight data. These are the important inclusion 
criteria for our study. Moreover, we exclude small-scale 
and semi-commercial farms as these types of farms do 
not keep a proper record and tend to rely on manually 
written record books (Jeyabalan, 2010). 

Figure 2 shows the trend of herd size and milk 
production in studied farms from 2017-2019. The herd 
size of farms in Sabah decreased by 394 heads while the 
milk production increased from 2,950,584 to 4,236,237 
liters. That means the cows were productive (Moran 
& Brouwer, 2013b), and the farms were managed 
efficiently (Krpalkova et al. 2016). Milk production in 
Johor showed a fluctuating trend that increased from 
152,634 to 179,192 litters (2017- 2018) and slightly 
decreased to 163, 682 litters in the year 2019, parallel 
with the herd size. Overall, these two farms showed 
efficient use of available support services (Uddin et al. 
2011). 

Y87.5% = 26.427 + 0.5522x + 0.0017x2 + (-2E-06x3)
             (Eq.6)

Where: Y87.5% (Predicted bodyweight for 87.5% Friesian 
blood level (kg)); Y0(26.427)(Average birth weight 
for 87.5% Friesian blood level young stock ); x (Age 
(day))  

Results 

In Malaysia, until 2019, there are 9 MyGAP certified 
dairy farms (DVS, 2019). MyGAP is known as public 
GAP designed based on Global GAP (Hoang & Hung, 
2018) as a guide in adopting sustainable agriculture, 
which considers the importance of the economy, 
environment, and society in producing high-quality, 
safe-to-eat food in Malaysia (Mohd Ali et al. 2020). 
The two participating commercial farms (2/47=4.25%) 
out of 47 commercial dairy farms (unpublished) in 

1   Structured questionnaire used during survey and farm data (herd size, milk production, and body weight measurement) was 
retrieved from the farm.

2   Data (1 female calf and 34 male calves) were excluded from the data set and the remaining data was sort according to the 
genetic (Eq. 2), age (day) (Eq. 3) and analyzed using regression analysis. Response from the survey (management) and farm 
data were analyzed descriptively. 

3   The polynomial function was generated using regression analysis (Eq. 4-Eq. 6). The cost of rearing dairy young stock was 
estimated using Eq. 1. 

Figure 1. Research framework of the study. The analysis was based on primary data (survey) and secondary data 
(farm size and herd size of the farm and bodyweight of individual young stock).
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Figure 2. Description of the commercial farms from 2017-2019

The analysis showed the average weight of the young 
dairy stock with 60%, 70%, and 87.5% Friesian blood 
levels at birth were 21.31 ± 3.70kg, 22.33 ± 2.23kg, 
and 26.55 ± 2.68kg, respectively; while at three months 
of age, the average body weight was 45.00 ± 7.07kg, 
55.57 ± 8.36kg and 75.84 ± 12.54kg, respectively. 
The current study revealed that female heifer took 21 
months (630 days) to reach breeding weight (250kg) 
for 60% and 70% Friesian blood levels. In contrast, 
the breeding age for 87.5% of Friesian blood levels 
was at 15 months (444.32kg). The findings of growth 
performance according to blood level were similar to 
the previous study conducted in Malaysia (Mastura et 
al. 2019) but higher than the study conducted in India 
(Singh et al. 2015). Mastura et al. (2019) reported 
the body weight was significantly different between 
80% Friesian blood level with 60% and 70%. Their 
study showed a lower performance of 80% Friesian 
blood level than our findings, showing different farm 
management, genetic, and environment of the dairy 
farm indirectly caused delaying first calving age and 
slower growth performance that incur a higher cost of 
rearing (Roessler et al. 2019). However, the growth 
performance of Friesian crossbreed (60% and 70%) 
in tropics were lower as compared to purebred in the 
temperate country where this discrepancy was due 
to management of genetics (Hernández-Castellano 
et al. 2019), or due to hot and high humidity (Moran 
& Brouwer, 2013a), neglect of heifer nutrition and 
feeding management (Akins, 2016). Dairy farmers 
were suggested to monitor the realistic body weight 
as it could affect the long-term milk production, 
reproductive performance and cause higher rearing 
costs on the farm (Souissi & Bouraoui, 2019) if the 
young dairy stock failed to achieve the realistic target 
live weights. 

The polynomial function according to the different 
blood levels of Friesian dairy young stock (60%, 
70%, and 87.5%) was generated as shown in Figure 
3A. Measures of goodness of fit of the polynomial 
regression function for each blood level of Friesian 
were R2 = 0.8858 (60%), R2 = 0.9005 (70%) and R2 
= 0.9886 (87.5%). The polynomial growth function 
high coefficient of determination (R2) used in this 
study was able to predict individual growth patterns. 
It can be incorporated as a decision-support tool to 
help dairy farmers predict the young dairy stock’s body 
weight and growth performance with the condition of 
having complete bodyweight measurement data. The 
polynomial regression function has also been used in 
previous research in sheep and dairy cattle. Previous 
researchers concluded that the order of four (cubic) 
provides a better fit and better reflects the reality of the 
changes (Sarmento et al. 2011). It does not overestimate 
body weight measurement compare to the non-linear 
model (Vijayakumar et al. 2020). However, there is 
a limitation of polynomial function where the growth 
curve cannot be extrapolated, as shown in Figure 
3B. The generalizability of these results is subject to 
certain limitations—for instance, lack of body weight 
measurement of young dairy stock until first calving 
age. Dairy farms in Malaysia were suggested to 
integrate with more advanced technologies to develop 
more comprehensive tools (e.g., AI vision system) 
for estimating animal weight. A future study should 
be repeated by applying other growth functions (e.g., 
non-linear models) that might help in forecasting body 
weight measurement.

The estimated costs of rearing young dairy stock at 
different rearing periods on farms in Johor and Sabah 
are presented in Table 1. Our study showed that the 
average cost of raising young dairy stock, which only 
included the cost of milk and concentrate, was RM3,478 
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this study was in agreement with the previous study 
conducted in the United Kingdom (Boulton et al. 2015) 
and Malaysia (Ang et al. 2021). In order to stimulate 
early weaning, dairy farmers need to focus on rumen 
development based on solid feed intake and weight at 
weaning (Sherwin & Remnant, 2018) to control the 
pre-weaning period costs. 

(USD858)/heifer on dairy farms. Before weaning, 
dairy calf on farms in Johor was fed raw milk while 
farms in Sabah were fed calf milk replacer. This study 
showed birth to weaning as the most expensive rearing 
period in both farms (Keningau, Sabah and Ayer Hitam, 
Johor) as RM9.65/day and RM11.60/day, respectively 
compared to the post-weaning period. The result of 

A: The Polynomial growth curve before the body weight of dairy young stock being extrapolate based on the age (day). 
B: The Polynomial growth curve was in decreasing trend when the body weight of dairy young stock was extrapolated based on the age 
(day) thus the body weight only can predict from birth to the age of breeding.

Figure 3. The Polynomial growth curve of crossbreed dairy young stock

Table 1.   The average age, body weight, amount of feed and estimated feed cost for rearing young dairy stock in 
Malaysia.

Farm location Air Hitam, Johor Keningau, Sabah
Blood level of Friesian (%) 60 and 70 87.5

Average age (month) Average body 
weight (kg)

Average age 
(month)

Average body 
weight (kg)

Weaning 3 50.28 3 75.84
Start breeding 21 250.00 15 444.32
1First calving 30 - 24 -

Cost (RM) Amount of feed 
(l/kg)

Cost (RM) Amount of feed 
(l/kg)

Birth to Weaning 1,044.00 2360 868.50 3450
Weaning to Breeding 2,770.20 41,710 1,771.20 51,440
Breeding to first calving 1,749.60 41,080 1,660.50 51,350

Total 65,563.80 - 74,300.20 -
1The body weight data is only available from birth to breeding; 2 Amount of raw milk (liters) in 90 days of the pre-weaning 
period; 3 Amount of calf milk replacer (liters) in 90 days of pre-weaning period; 4 Amount of dairy cattle pellet (kg) provided;5 
Amount of total mixed ration (kg) provided;6 The rearing costs only include feed costs (raw milk and dairy cattle pellet); 7 The 
rearing costs only include feed costs (calf milk replacer and total mixed ration). 
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After weaning, the dairy heifer was fed dairy cattle 
pellet (DCP) in Johor while heifers in Sabah were fed 
total mixed ration (TMR). The amount of feed provided 
from birth to the first calving age is shown in Table 1. 
The total cost of the rear (only feed costs) in this study 
was higher than €849 (USD696) per heifer reported in 
the Jonkos research from The Netherlands but similar to 
the United States, which estimated USD855 per heifer 
(Hawkins et al. 2020). Feed cost represents the largest 
contribution to the total cost of rearing (Boulton et al. 
2017). The feed cost depends on the feed price (Haryo 
et al. 2017), type of feed, and amount of feed given 
(Karadas & Birinci, 2019). In addition, the delay of 
first calving age (FCA) showed a higher cost of rearing 
as compared to the suggested FCA (24-25 months) 
(López-Paredes et al. 2018). The study is limited by the 
lack of information on labor, healthcare, and mortality 
costs due to incomplete data. Notwithstanding these 
limitations, the study suggests that the dairy farmer in 
Malaysia should choose the alternative type of feed that 
is cost-effective and targeted earlier, first calving age, 
to improve the sustainability of the dairy farms.

This study elucidates the management practices, total 
cost of rearing, and growth performance of young 
dairy stock from birth to first calving age. The current 
findings fill the knowledge gap from previous works 
that focused on the rearing methods of dairy calves 
(Devendra & Eitaro, 1984), feeding management and 
cost of feed nutrients (Moran & Brouwer, 2013a), and 
the growth performance of Mafriwal cattle in Malaysia 
(Mastura et al. 2019). In practice, the young dairy stock 
is raised as a replacement herd for culled dairy cows, 
which is critical to the future of dairy farms because 

it maintains herd sizes and the performance of the 
enterprise (De Vries, 2017). Therefore, the knowledge 
of costs associated with dairy young stock rearing results 
will reduce the average first calving age and increase 
the enterprise’s profitability. This study, therefore, 
offers valuable insights on the management and costs 
associated with young stock rearing in tropical dairy 
farming in Malaysia. These findings further highlight 
the important elements in rearing young dairy stock, 
which increase the awareness of different stakeholders 
(government agencies, dairy farmers, researchers) on 
how much to invest in young stock rearing to ensure 
the farm’s sustainability in line with the National 
Agro-food Policy 2011-2020 and Dairy Plan 2021-
2025 so that they do not blindly invest. For instance, 
the Polynomial function that used the actual Malaysian 
farm data to predict the dairy young stock’s body 
weight can be used by farmers to estimate feed and 
ensure young stock development is on track. The daily 
cost of rearing Friesian crossbreed dairy young stock in 
Malaysia in Figure 4. 

Managerial Implications

The results of this study will help dairy farmers, 
researchers, and government agencies to better 
understand how much to invest in young stock 
rearing to maintain farm sustainability in line with the 
National Agro-food Policy 2011–2020 and Dairy Plan 
2021–2025. Dairy farmers can use the predicted body 
weights using the Polynomial function based on data 
from Malaysian farms to predict the bodyweight of 
dairy young stock to estimate feed costs and ensure the 
expenses of young stock rearing.

Figure 4. The daily cost of rearing Friesian crossbreed dairy young stock in Malaysia.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions 

Our study reported that the average total cost of rearing 
(first calving age) on dairy farms in Johor and Sabah 
are RM5,563 (30 months) and RM4,300 (24 months), 
respectively. The results also showed the two farms 
have youngstock with different Friesian blood levels 
(60% and 70% in Johor and 87.5% in Sabah) have 
different growth performances. In conclusion, growth 
performance and costs of rearing young dairy stock 
were varied due to different farm management, genetic, 
and environment of the dairy farm. 

Recommendations 

More comprehensive research is needed by including 
the missing findings (e.g., cost of mortality, cost of 
breeding) to increase the accuracy and applied function 
that can forecast (e.g., non-linear models) the growth 
performance of a young dairy stock that may help in 
economic evaluation. 
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