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Livestock-oil palm plantations integration system is intended to improve farming efficiency, where agriculture not only plays
a role as the primary producer of food but also as a producer of feed, fertilizer, energy, and other bioproducts, leading to a
sustainable agricultural system. Smallholder farmers in Indonesia integrated Bali cattle and oil palm with extensive, semi-
intensive, and intensive management systems. This study evaluated the integrated system of oil palm and Bali cattle under
different management systems regarding the characteristics of smallholder farmers, nutritional status, and weight gain of Bali
cattle on smallholder farms. The study was conducted in the Regency of Central Bangka, Bangka Islands, Indonesia. The study
included 108 Bali cattle grouped as calves, young, and adults. The observed variables included smallholder farmer
characteristics, feed nutrients, feed nutrient consumption (Dry Matter (DM), protein, Ca, and P), feed digestibility, and body
weight gain. A Randomized Block Design and analysis of variance for the obtained data were used in this experiment.
Smallholder farmers implementing the integration of livestock-oil palm in Central Bangka Regency were dominated by
inexperienced novice farmers. The majority of the farmer choose semi-intensive rearing management as this system produces
compost as a by-product. The semi-intensive system also provides better feed quality for Bali cattle. Therefore, DM
consumption in the semi-intensive system was higher than in other systems, especially in young bulls, heifers, and male and
female calves (P<0.05). Thus, Bali cattle in the semi-intensive system had higher average daily gain than those in the intensive
or extensive system. Therefore, it can be concluded that the semi-intensive management system is the best model in the Bali
cattle-oil palm integration system in the rural dryland area, in accordance with nutritional status and the characteristics of
smallholder farmers in Indonesia.
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INTRODUCTION

Feeding is the primary factor for the success of the beef cattle
industry. Farmers need to balance the feed quality and feed
cost to gain more profit. The nutrient content, such as
proteins, vitamins, and essential minerals, combined with
anti-nutrients such as lignin and tannins, determine feed
quality. The provision of forage fodder is often constrained
by its low productivity, not being continuously available,
taking a lot of time and cost in forage maintenance, low
economic value, and the unavailability of land for planting.
Meanwhile, the supply of concentrate feed is constrained by
high costs, so it is not affordable for smallholder farmers. The
number of smallholder farms living in rural areas was around

90% of Indonesia's total beef cattle farms (Asikin et al.,
2020). This suggests that smallholder farmers are the main
beef cattle farms in Indonesia. Cattle have been integral to
rural area agricultural life in Indonesia for hundreds of years
(Widi, 2015). However, Indonesia can only meet 60% of
domestic meat needs (Agus and Widi, 2018).

Through the Minister of Agriculture, the Government of
Indonesia has programmed a system for integrating livestock
with plants, one of which is oil palm plantations. This
integrated agriculture is intended to improve the efficiency of
farming, where agriculture does not only play a role as the
primary producer of food but also as a producer of feed,
fertilizer, fiber, energy, biopharmaceuticals, and other
bioproducts that lead to a zero waste agricultural system with
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the principle of reduce, reuse, and recycle. Oil palm
plantations are one commaodity with an abundant feed source
for cattle. The potential by-product of oil palm plantation and
industry are oil palm fronds (OPF), palm kernel expeller
(PKE), palm press fiber, palm oil mill effluent (POME), and
forage under a palm tree (Devendra, 2011). OPF and PKE
have been widely used as animal feed in oil palm plantations
and provide economic benefits for farmers (Suyatno et al.,
2021). OPF can also meet the nutritional needs of beef cattle
if given properly (Ishida and Abu Hassan, 1997; Ooi et al.,
2017; Mookiah et al., 2020).

Generally, the livestock breeds raised in Indonesia's
livestock-oil palm integration system are local cattle,
including Bali cattle. Bali cattle are superior and dominant
breeds of Indonesian cattle developed by smallholder farmers
because of their high fertility; disease resistance; and high
adaptability to heat stress and low-quality feed (Martojo,
2012). Most of these cattle are raised by small farmers in rural
areas (Mohamad et al., 2012) and become the most suitable
breed for small landholders (Martojo, 2012). Bali cattle also
have a high dressing percentage (50.95%) that meets the
criteria of beef cattle (Priyanto et al., 2019).

Indonesia has the largest oil palm plantation in the world, with
14.6 million ha (BPS Statistic Indonesia, 2020). Oil palm
plantations in Indonesia are mainly spread across the islands
of Sumatra, Kalimantan, Sulawesi, and Bangka. The
plantation area of oil palm at Bangka Islands in 2020 reached
72,206 hectares with a livestock capacity of up to 145,679
animal units (Suyatno et al., 2021). Bangka Island also has a
dry land agroecosystem with primarily sandy soil. Most of the
land on Bangka Island is also ex-tin mining land, so it has
limited nutrients for food crops. Therefore, oil palm is suitable
for planting on Bangka Island, and livestock-oil palm
integration has significantly contributed to the community's
economy (Suyatno et al., 2021) and the use of ex-mining land
(Oktaviani, 2022). Integrating livestock-oil palm plantations
can be a solution to make livestock and plantations more
efficient and environmentally friendly.

Smallholder farmers in Bangka Island adopted Bali cattle and
oil palm integration with extensive, intensive, and semi-
intensive cattle rearing. However, the efficiency and
sustainability of livestock and plantations in these three
systems remain unclear. Research on the comparative
application of the three integrated livestock management
systems is minimal. Therefore, this study was designed to
evaluate the integrated system of oil palm plantation and Bali
cattle with different management systems regarding the
characteristics of smallholder farmers, feed consumption and
digestibility, and weight gain of Balinese cattle on
smallholder farms marginal dry land Bangka Island. This
study benefits the sustainability of livestock-oil palm
integration through more efficient, profitable, and
environmentally friendly management of marginal dry land.

MATERIALS AND METHODS

Experimental animal and site: The experiment was carried
out from August 2020 to January 2021 in the Regency of
Central Bangka, Bangka Belitung Province. The research
location was determined intentionally by fulfilling the
elements of extensive, semi-intensive, and intensive
management systems. Intensive system is carried out by
keeping the cows in cowshed continuously, all the needs of
the cows such as feed, water, mating are provided by the
farmer. The feed in intensive system obtained from the by-
products of the oil palm plantations. Semi-intensive was
carried out by herding cattle in a limited way. Some of the
feed needs were met by the cows that come from the forage
in the space between palm oil tree in palm plantations (inter-
oil palm plantation). Extensive systems, cattle were grazed
continuously, cattle feed only depends on the availability of
forage in inter-oil palm plantations (Matondang et al 2019).
The materials used were 108 Bali cattle grouped by age
(Calves aged 0.5-1.5 years, young aged 1.5-3 years, and
adults aged >3 years)). Bali cattle are Indonesian native beef
cattle that are domesticated from Banteng (Bos javanicus)
thousands of years ago. Bali cattle are well adapted to tropical
climate conditions in Indonesia and are the most widely kept
cattle on smallholder farms (Mohamad et al., 2012).

Data collection and analysis: The variables observed were
the characteristics of smallholder farmers, feed nutrients,
nutrient consumption, digestibility of feed, and weight gain.
The collection of data on the characteristics of farmers was
done by interview. The nutritional data on the intensive
maintenance pattern was collected by observing the
cowshed's type and amount of feed. Nutritional data on
extensive rearing patterns is carried out by calculating the
grazing area for 24 hours, and cows are restricted in
movement. Meanwhile, the forage consumed is quantified by
the weight of the forage cut at the grazing boundary in a
plot/quadrant measuring 1x1 m? placed on the land.
Observation of feed consumption by sampling of feed and
feces were carried out 2 times in the middle and the end of the
study. The feeds and feces were analyzed for dry matter
(DM), protein, ash, crude fiber, Ca, P, acid detergent fiber
(NDF), neutral detergent fiber (NDF), lignin, and cellulose at
the analytical chemistry laboratory, Indonesian Research
Institute for Animal Production (IRIAP), Ciawi. Body weight
was determined by weighing cows using digital scales.
Average daily gain (ADG) is the difference between the final
weight and the initial weight divided by the number of days
of observation.

Statistical Analysis: A randomized block design and analysis
of variance for the obtained data were used in this experiment.
Tukey's honestly significance difference (HSD) was used to
see the difference between treatments (Steel and Torrie,
1993).
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Table 1. Differences between intensive, semi-intensive,
and extensive beef cattle management systems on
beef cattle and oil palm integration

Description Intensive Semi- Extensive
intensive
Reasons for limited land the land is the location is
choosing a area medium to large adjacent to an oil
management social compost palm plantation
system considerations  business company
compost limited capital
business
Percentage in 39.60 % 56.73% 3.67%
farmer population
sampled
Feed type Chopped oil Chopped oil forage in the oil
palm fronds, palm fronds, palm plantation
palm kernel palm kernel area
expeller expeller, forage
in the oil palm
plantation area
Grazing No + 7 hours (10.00 Continuously
AM-5.00 PM)
Housing Continuously ~ #* 14 hours (5.00 No
PM-10.00 AM)
drinking water Once Once No
supply
Average livestock 9.1 cows/ 6.0 cows/ 5.0 cows/ farmer
ownership farmer farmer
RESULTS

The characteristics of smallholder farmers
Table 2. Characteristics of smallholder farmers in the

study
Variables Beef Cattle Management System
Intensive Semi-intensive Extensive
(n=15) (n=21) (n=23)
%
Gender
Male 100 85.7 100
Female 0 143 0
Age (years)
16 - 25 0 0 4.35
26-35 10.0 4.76 0
36 - 45 60.0 52.4 435
46 — 55 30.0 238 47.8
>55 0.00 19.1 4.35
Education level
No formal education 0 0 0
Graduated from Elementary School 10.0 33.3 52.2
Graduated from Junior High School 30.0 33.3 21.7
Graduated from Senior High School 60.0 19.1 26.1
Bachelor 0 14.3 0
Beef cattle farming experience (years)
<3 30.0 4.76 4.35
4-6 20.0 23.8 17.4
7-9 40.0 47.6 47.8
>10 10.0 23.8 30.4
Main job
Farmers 50.0 61.9 78.3
Traders 10.0 19.0 21.7
Fisherman 20.0 476 0
Entrepreneur 20.0 0 0
Teacher 0 4.76 0
Employee 0 9.52 0

The differences between intensive, semi-intensive, and
extensive beef cattle management systems on beef cattle and
oil palm integration are mentioned in Table 1. Most livestock-
oil palm integrated systems at Central Bangka implement
semi-intensive management systems (56.73%).

The characteristics of small farmers are identified to
determine their level of farming ability and their reasons for
choosing a management system in the integration of Cattle-
Palm Oil. The characteristics of the farmers who were used as
respondents in the study are shown in Table 2. Based on these
data, most farmers are of productive age (15-55 years) and
categorized as novice farmers. At productive age, farmers in
rural areas still have strong physical conditions to raise
livestock. Most of the farmers were male and had a range of
education from elementary school to bachelor's degree.
Nutrient content of feed: The type of feed given in this study
varied for each rearing management (Table 3). The selection
of feed compositions in each integration system was based on
the feed availability at the farmer level. In the intensive
system, the cattle were kept full-time in the cowshed. So the
feed given was a mixture of oil palm plantation by-products.
The economic benefits of this feed have been described in
previous studies (Suyatno et al., 2021). In the semi-intensive
system, cattle were released and penned on a scheduled basis.
When the cattle were released they consumed forage in the oil
palm plantation area. When the cattle were in the cowshed
they were fed by a mixture of oil palm plantation by-products
by the farmers. Meanwhile, in the extensive system, beef
cattle were released full-time in the oil palm plantation area.
So they consumed all types of forage in the plantation area.

Table 3. Composition of feed in each rearing management

Type of feed Content of feed (%)
Intensive  Semi-  Extensive
Intensive

Chopped oil palm fronds 84.5 61.0 -
Palm kernel expeller 15.0 45 -
Forages under the oil palm trees - 34.0 100
Salt 0.5 0.5 -
Total 100 100 100

The composition of feed nutrients in consumed feed is
presented in Table 4. The difference in the type of feed affects
the DM. Higher DM was found in intensive management due
to the type of feed given, which consisted of a mixture of palm
kernel expeller and chopped oil palm fronds. Cattle reared
under semi-intensive management, besides being fed a
mixture of palm kernel expeller and palm fronds, also receive
forage in the plantation area while the cows are grazing. Bali
cattle in extensive management only consumed forage during
grazing, which has a lower DM (23.65%).
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Table 4. Chemical composition of feed in each rearing

management
Type of feed and chemical Content of nutrient (%)
composition Intensive ~ Semi-  Extensive

Intensive

Chemical composition
Dry matter 44,90 26.65 23.65
Protein 8.86 8.62 8.73
Calcium 0.79 0.79 0.21
Phosphorus 0.30 0.40 0.47
Organic matter 37.66 16.22 14.08
Fiber fraction
Acid Detergent Fiber 54.4 49.8 45.9
Neutral Detergent Fiber 68.4 65.3 62.9
Lignin 17.9 14.3 12.2
Cellulose 32.3 31.3 33.1

Source: Analytical Chemistry Laboratory IRIAP

Consumption of Feed Nutrients: Consumption of feed
nutrients was showed in Table 5. The DM consumption of

adult bulls and adult females was relatively the same in
intensive, extensive, and semi-intensive rearing systems.
However, DM consumption of young bulls, heifers, male
calves, and female calves was statistically different (P<0.05).
The consumption of DM in young bulls was ranged from
4.50-4.93 kg/head/day (intensive rearing), 6.03-6.62
kg/head/day (semi-intensive), and 4.86-6.65 kg/head/day
(extensive). The consumption of DM in heifers was ranged
from 4.20-4.70 kg/head/day (intensive), 5.92-6.29
kg/head/day (semi-intensive), and 4.15-4.71 kg/head /day
(extensive). The consumption of DM in male calves was
ranged from 3.38-3.73 kg/head/day (intensive), 4.23-4.53
kg/head/day (semi-intensive), and 3.31-4.22 kg/head /day
(extensive). Meanwhile, consumption of DM in female calves
was ranged from 2.95-3.50 kg/head/day (intensive), 4.06-4.48
kg/head/day (semi-intensive), and 2.35-3.14 kg/head/day
(extensive).

Feed digestibility was evaluated by analyzing the digestibility
of DM, organic matter (OM), lignin, and cellulose (Table 6).

Table 5. The amount of consumption of nutrients in Bali cattle feed in the cattle-palm oil integration system with

different rearing management.

Cattle Groups Average Amount of nutrients consumed P-value
weight (Kg) Intensive Semi-intensive Extensive
DM (kg/head/day)
Bulls 381.1 7.60+0.45 8.26+0.56 8.06+0.98 0.490
Cows 238.6 6.55+0.68 7.13+0.15 6.51+0.85 0.383
Young bulls 240.5 4.7140.192 6.35+0.31° 5.78+0.98% 0.017
Heifers 201.7 4.50£0.228 6.07+0.16° 4.4510.242 0.001
Male calves 143.6 3.54+0.172 4.36x0.13° 3.74+0.50%® 0.028
Female calves 131.5 3.27+0.25° 4.27+0.17° 2.74+0.342 0.001
Protein (g/head/day)
Bulls 381.1 673.5£39.7 655.4+46.2 703.6+85.2 0.598
Cows 238.6 580.3+60.0 572.3+11.9 568.5+74.2 0.957
Young bulls 240.5 417.6+16.8 506.0+25.4 505.0+85.4 0.070
Heifers 201.7 398.9+19.28 484.8+13.5° 388.8+20.92 0.001
Male calves 143.6 314.1+14.6 355.3+10.9 326.6+43.6 0.189
Female calves 131.5 290.2+22.32 349.3+13.4° 239.2+29.48 0.003
Calcium (g/head/day)
Bulls 381.1 59.9+3.50¢ 48.6+3.66° 16.942.242 0.001
Cows 238.6 51.7+5.35¢ 42.0+0.94° 13.7+£1.792 0.001
Young bulls 240.5 37.2+1.50° 38.4+1.72° 12.1+2.03? 0.001
Heifers 201.7 35.5+1.71° 37.1+0.96° 9.3+0.562 0.001
Male calves 143.6 27.9+1.31° 28.2+0.89° 7.8+£1.078 0.001
Female calves 131.5 25.8+1.98° 27.6+1.10° 5.7+0.718 0.001
Phosphorus (g/head/day)
Bulls 381.1 22.8+1.342 25.0+1.952 37.945.22° 0.002
Cows 238.6 19.6+2.03? 20.8+0.52? 30.6+4.00° 0.002
Young bulls 240.5 14.1+0.572 20.3+0.72° 27.1+4.52¢ 0.001
Heifers 201.7 13.5+0.65? 19.7+0.50° 20.9+1.31° 0.001
Male calves 143.6 10.6+0.502 15.0+0.47" 17.5+2.42° 0.002
Female calves 131.5 9.8+0.75° 14.5+0.65" 12.8+1.59° 0.005

Data are presented as mean + standard deviation (SD), numbers in the same row with different letters indicate a significant difference

(P<0.05)
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Feed digestibility:

Table 6. The level of digestibility of feed on the integrated cattle-palm oil system with different management systems.

Cattle group Digestibility Level (%) P-value
Intensive Semi-intensive Extensive
DM digestibility
Bulls 68.2+4.85? 75.243.77® 77.2£2.37° 0.038
Cows 68.1+3.37 64.316.67 71.1+4.82 0.349
Young bulls 43.2+7.932 68.3+2.85° 73.5+3.72° 0.001
Heifers 59.7+2.382 75.2+2.60° 72.6+1.28° 0.001
Male calves 71.1+2.592 79.2+1.58° 79.2+3.31° 0.002
Female calves 64.7+3.152 79.5+3.02¢ 72.6+4.93° 0.001
Average 62.5+10.22 73.6+6.08 74.443.16
OM Digestibility
Bulls 68.9+4.73? 77.1+3.48° 79.2+2.19° 0.017
Cows 70.3£2.94 69.6+5.67 72.6+4.62 0.725
Young bulls 44.4+7.802 69.6+2.70° 76.3+3.32° 0.001
Heifers 64.2+1.972 76.4+2.46° 75.5+1.15° 0.001
Male calves 79.1+1.88 80.6+1.47 80.3+3.13 0.515
Female calves 67.7+2.442 80.9+2.85°¢ 74.0+4.67° 0.001
Average 65.8+11.60 75.7%£5.07 76.3+£2.98
Lignin Digestibility
Bulls 58.4+6.46 67.9+4.77 67.0+£3.31 0.077
Cows 63.6+4.31 65.1+6.62 57.8+6.61 0.359
Young bulls 46.5+7.422 65.6+3.14° 61.3+4.79° 0.006
Heifers 56.8+2.862 73.6£2.79° 59.0+0.992 0.001
Male calves 67.8+2.842 75.9+1.82° 70.9+4.62% 0.014
Female calves 59.6+3.942 75.5+3.66° 62.3+6.66° 0.002
Average 58.8+7.22 70.6+4.96 63.1+5.02
Cellulose Digestibility

Bulls 66.2+5.112 79.942.94° 83.2+1.77° 0.001
Cows 77.7£3.61 71.8+5.59 79.1+3.61 0.147
Young bulls 58.2+5.65? 76.242.27° 80.4+2.88° 0.001
Heifers 61.3+2.782 80.5+2.18° 80.9+0.99° 0.001
Male calves 74.1+2.26% 84.3+1.23° 85.4+2.44° 0.001
Female calves 62.8+3.482 84.9+2.31° 80.8+3.60° 0.001
Average 66.7+7.64 79.6+4.98 81.6+2.28

Data are presented as mean + standard deviation (SD), numbers in the same row with different letters indicate a significant difference

(P<0.05)

The difference in rearing management had a significant effect
(P<0.05) on the DM digestibility, OM digestibility, lignin
digestibility, and cellulose digestibility in almost all groups of
cattle observed. The results showed that the DM digestibility
in intensive management ranged from 43.2%-68.2%, in semi-
intensive 64.3%-79.5%, and in extensive 71.1%-79.2%; OM
digestibility in intensive management ranged from 44.4%-
79.1 %, in semi-intensive 69.6%-80.9%, and extensive
72.6%-80.3%. Meanwhile, the average digestibility of lignin
in intensive, semi-intensive, and extensive rearing
management was 58.8%, 70.6%, and 63.1%, respectively.
The average cellulose digestibility in intensive rearing
management was 66.7%, semi-intensive was 79.6%, and
extensive was 81.6%.

Average daily gain: Average daily gain of cattle was
significantly different (P<0.05) in each rearing management
in the group of heifers, male calves, and female calves
(Table 7). Average daily gain of cattle in the group of a young
female, male, and female calves in extensive rearing
management was lower than intensive and semi-intensive
rearing management. Average daily gain of heifers was
ranged from 190.0-260.9 g/head/day (intensive), 205.8-268.5
g/head/day (semi-intensive), and 146.4-204.9 g/head/day
(extensive). While ADG in male calves ranged from 173.9-
263.7 g/head/day (intensive), 205.3-261.1 g/head/day (semi-
intensive), and 99.4-204.7 (extensive). While the ADG in
female calves ranged from 154.0-288.3 g/head/day
(intensive), 195.0-250.0 g/head/day (semi-intensive), and
129.3-153.4 g/head /day (extensive).
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Table 7. Average Daily Gain (ADG) of Bali cattle on the cattle-palm oil integration system

Cattle groups Intensive Semi-intensive Extensive P-value
Bulls (g) 150.4 £ 69.3 161.7 £ 68.0 164.1+44.4 0.216
Cows (9) 165.6 £ 66.2 168.7 £ 68.0 162.4 £119.2 0.998
Young bulls (g) 240.4 +48.9 2469+ 32.1 206.8 £ 31.8 0.172
Heifers (g) 218.4% + 26.2 228.42 + 27.3 182.3 + 25.9 0.015
Male calves (g) 216.32+ 30.3 236.42+ 24.9 157.4° + 44.0 0.012
Female calves (g) 21492+ 51.6 222,32+ 19.6 1422+ 9.7 0.001
Average 201.0 £57.5 210.7 £59.3 169.2 £ 57.2
Data are presented as mean * standard deviation (SD), numbers in the same row with different letters indicate a significant difference
(P<0.05)

DISCUSSIONS The study's results revealed that the farmer's reasons for

Identification of cattle rearing system in smallholder
farmer: Small-scale beef cattle businesses in Central Bangka
Regency are carried out in groups and independently. There
are 26 livestock farmer groups in Central Bangka Regency.
Among them, 14 groups carry out beef cattle business
integrated with oil palm with intensive, semi-intensive, or
extensive maintenance management. In an intensive
management system, livestock is kept in cowsheds
continuously (Figure 1A). In a semi-intensive system,
livestock is kept in cowsheds and released periodically
(Figure 1B). As for the extensive management system,
livestock is fully grazed in the oil palm plantation area (Figure
1C). Until 2019, the number of cattle integrated with oil palm
reached 1.144 heads and involved 205 farmers spread across
Central Bangka Regency. Most farmer groups and individual
farmers raised Bali cattle (Matondang et al., 2019).

Figure 1. Integration of Bali cattle with oil palm
plantations with rearing management systems:
Intensive, where the cattle are kept in cowsheds
continuously (A); semi-intensive, whereby cattle
are kept in cowsheds (5.00 PM-10.00 AM) and
released (10.00 AM-5.00 PM) periodically (B);
extensive, where cows are fully grazed in the oil
palm plantation area (C).

choosing a management system were determined mainly by
the area and location of the land as well as the presence or
absence of a compost processing business. Compost
processing can only be done if the manure is collected in the
cowshed. Most livestock-oil palm integrated systems in
Central Bangka implement a semi-intensive management
system (Table 1). This system makes it easier for farmers to
provide feed than an intensive system, and farmers also obtain
additional benefits from processing manure into organic
fertilizer (Wulandari and Deciyanto, 2020).

This research analyzed farmer competence by gender, age,
education level, farming experience, and primary occupation
(Table 2). In the intensive and extensive rearing system, all
work was done by male farmers, as the local community
assumed that men were the breadwinners in the family. In
semi-intensive management systems, there were 14,29%
female farmers. The involvement of rural women farmers has
long been known to have an essential role as one of the pillars
of food production (Raidimi, 2014; Diiro et al., 2018).
Women in rural areas have been reported to be effective
community mobilization and social development agents.
Rural women are essential in agricultural production systems
(Adenugba and Raji-Mustapha, 2013). The presence of
women in livestock-farming activities from various studies
can provide financial contributions in the form of increasing
family income (Amrawaty et al., 2017).

Respondents who applied intensive management systems had
a better level of education, and 60% of them graduated from
high school. In the semi-intensive maintenance system, most
only finished elementary and junior high schools, respectively
33.33%. While in extensive management, most (52.17%)
graduated from elementary school. Farmers' education level
affects behavior and decision-making in accessing
information, technology, capital, and markets (Ntshangase et
al., 2018).

Most respondents in this study are the productive age (15-55),
indicating that most were in good physical condition to
manage beef cattle farms. In this study, the 36-45 years group
was the most dominant age group. This age group is the peak
productive age for agricultural workers in the USA (Tauer,
2017). The farmer's age influences how farmers obtain
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information on technology (Mittal and Mehar, 2015). Farmers
are more actively seeking information from various sources at
a productive age. Hence, productive age also influences the
inputs of technological innovation that will be applied.

Most farmers in all beef cattle management systems are
novice farmers (Table 2). Farming experience of less than 10
years is categorized as a novice farmer (Ahearn and Newton,
2009). The length of experience in raising livestock affects
the success rate of farmers in developing their businesses
(Sirajuddin et al., 2016). Most of the respondents in this study
have a main job as cash crop farmers, while beef cattle is only
a side business. The characteristics of novice farmers tend to
be unstable, limited livestock and land ownership, and low
livestock productivity. Therefore, they need a lot of attention
from the government, especially regarding capital and
technology support (Ahearn and Newton, 2009).

Adequacy of livestock nutrition

Feed nutrient: The type of feed given to Bali cattle with this
integrated system differed for each rearing management. The
difference in the type of feed affects the DM content. Higher
DM was found in intensive management due to the type of
feed given, which consisted of a mixture of PKE and chopped
OPF. Cattle reared under semi-intensive management were
fed a mixture of PKE, OPF, and consumed forage in the
plantation area while the cows were grazing. Bali cattle in
extensive management only consumed forage during grazing,
which has a lower DM (23.65%).

Dry matter and crude protein content of fresh OPF is generally
only 31.1% and 4.2%, respectively (Ishida and Abu Hassan,
1997; Wan Zahari et al., 2003). Protein availability in all
rearing management ranged from 8.62% to 8.86%. The
protein level in the feed affects the growth performance and
characteristics of the carcass (Li et al., 2014). Bali cattle still
produce good carcass quality if fed 12% crude protein (Tahuk
et al., 2018).

As an essential element, the content of minerals in the feed is
also analyzed. The main minerals are Ca and P, which
reinforce the structure of bones and teeth (Cherian, 2019). Ca
and P are important minerals that can affect growth and
reproduction in cattle. Cattle that are grazed on land with low
P levels often experience a deficiency of P which results in
slow growth (Dixon et al., 2020). The results showed that Bali
cattles reared extensively received less Ca and P than Bali
cattles reared intensively and semi-intensively. Ca content in
forage on oil palm land ranges from 0.14-0.39%. The content
of minerals in the forage is determined by the mineral content
in the soil where the forage grows. If the soil where the forage
grows is poor in minerals, the forage that grows will also be
deficient in minerals(Gartenberg et al., 1990). The content of
P and Ca in forage in the tropical area of South Sumatra,
which neighbors the island of Bangka, is also influenced by
the season (Ali et al., 2019).

The content of Ca in oil palm fields decreases as oil palm
plantations age (Viegas et al., 2021). The lowest calcium

availability was found in extensive rearing management,
which was 0.21%. If calculated with a DM of 23.65% (Table
4), the amount of Ca is only 0.49 g/kg Dry Matter Intake
(DMI). Meanwhile, the dietary requirement of Ca for beef
cattle is 5.12 g/kg DMI (Costa E Silva et al., 2015). The level
of Ca in the blood of Bali cattle reared in rice fields were also
low due to consuming feed with low Ca (Pujiastari et al.,
2015). Phosphorus is essential in bone mineralization and
reproduction (Zhou et al., 2021). In this study, the availability
of P in extensive rearing management was higher than
intensive and semi-intensive. In the extensive rearing
management, animals can choose specific forage in plantation
areas dominated by grasses and legumes. Legumes in the
tropics have an average P content of 3.82 g/kg DM (Castro-
Montoya and Dickhoefer, 2020).

The highest content of ADF, NDF, and lignin was found in
the feed given to intensive management, which was 54.4%;
68.4%; and 17.9%, respectively. Meanwhile, the cellulose
content was almost the same in all management systems,
ranging from 31.3%-33.1%. The high lignin in this intensive
system is because most of the feed comes from OPF. The
lignin content in OPF is reported to be as high as 20% to
20.5% (Ishida and Abu Hassan, 1997). Lignin is a
combination of closely related compounds containing carbon,
hydrogen, and oxygen. Lignin is highly resistant to chemical
degradation, including enzymatic degradation (Janusz et al.,
2017). High lignin in forages can inhibit cell wall degradation
during digestion (Casler and Jung, 2006; He et al., 2018).
Degradation of lignin and cellulose in the rumen can be
increased by adding cosubstrate during rumen fermentation,
such as a feed from food waste (Xing et al., 2020).

The consumption of feed nutrients: The consumption of DM
in intensive and extensive rearing management tends to be
lower than DM consumption in semi-intensive. The low
consumption of DM in intensive rearing management was due
to the low consumption of fresh feed ingredients. In addition,
it can also be caused by the low palatability of oil palm fronds.
Young Bali cattle fed fresh chopped palm fronds mixed with
palm kernel expeller were reported to have low palatability
(Ibrahim et al., 2013).

The high levels of NDF in intensive management systems also
affect the low consumption of DM. The component of NDF
fills the rumen space and is slow to digest. So the lower the
NDF content, the more feed can be consumed (Poorkasegaran
and Yansari, 2014). Meanwhile, the low consumption of DM
in extensive rearing management was due to the lower DM
content of forage in oil palm plantations compared to the other
two treatments, low forage productivity in oil palm areas, and
the number of cattle grazing exceeds the available forage.
Significant differences in protein consumption occurred in
young females and female calves, where protein consumption
in intensive and extensive rearing management was lower
than in the cows reared in semi-intensive systems (Table 5).
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In general, protein consumption in beef cattle with the cattle-
palm oil integration system in this study was low.

The consumption of Ca in extensive rearing management was
lower than intensive and semi-intensive rearing management
in all groups of cattle. The low Ca consumption was due to
the low Ca content in forage in oil palm plantation areas
which was consumed in extensive rearing management (Table
4). Additional mineral intake is needed to meet the Ca
requirement (Zhou et al., 2021). The highest P consumption
in cattle was shown by extensive rearing management.
Meanwhile, P consumption in semi-intensive rearing
management tended not to differ significantly from extensive
rearing management. P content in the feed consumed in
intensive rearing was lower than in semi-intensive and
extensive rearing management.

Dry matter digestibility: The difference in rearing
management significantly effect DM digestibility in most
groups of cattle observed. The digestibility of DM in intensive
rearing management was lower than in semi-intensive and
extensive. The low digestibility of DM in intensive rearing
management was caused by the high content of NDF (68.4%)
and lignin (17.9%) in the feed given, which is a mixture of
palm fronds and palm kernel expeller (Harper and McNeEeill,
2015; Janusz et al., 2017). Similar results were that young
Bali cattle treated with palm fronds as much as 40%-60%
experienced DM digestibility of 53.51%-54.56% (Nanda et
al., 2014). The same results were also obtained for the DM
digestibility of 25-40% rice straw-based feed, ranging from
60.93 - 64.53% (Widodo et al., 2012). However, the
digestibility of DM in intensive rearing management was
better than that of DM in feed containing citronella pulp and
fresh citronella in buffalo, namely 49.9% and 44.1% (Sari et
al., 2017).

Organic matter digestibility: Different rearing management
in this study significantly affected the digestibility of OM.
The digestibility of OM in intensive rearing management was
lower than in semi-intensive and extensive rearing
management in groups of adult bulls, young males, heifers,
and female calves. Meanwhile, OM digestibility in semi-
intensive rearing management was relatively the same as in
extensive rearing management. The digestibility of OM in
intensive rearing management ranged from 44.4% to 79.1%.
The lowest OM digestibility was obtained in the group of
young bulls (44.36%). Moreover, the OM digestibility value
was relatively average in the other observed cattle groups. In
vitro study using Phanerochaete chrysosporium mold
resulted in palm midrib OM digestibility of ranged from
42.24% to 51.63% (Rahayu et al., 2015).

The digestibility of OM in extensive rearing management was
significantly high (72.6%-80.3%). The feed of Bali Cattle in
this rearing management was obtained from palm oil trees and
the forage in the plantation areas. The digestibility of OM in
Bali cattle with feed based on natural grass and Kumpai grass

was passably in the range of 73.14%-79.96% (Riswandi et al.,
2015).

Lignin digestibility: Lignin digestibility showed significant
differences in young bulls, young females, male calves, and
female calves with different rearing management. The
digestibility of lignin in young bulls, heifers, male calves, and
female calves in intensive rearing management was lower
than in semi-intensive and extensive rearing management.
The level of lignin digestibility was higher than that of rice
straw feed lignin with the addition of 2% Saccharomyces
cerevisiae which only resulted in 37% lignin digestibility
(Suryapratama and Suhartati, 2012).

Table 5 shows that the mean digestibility of lignin was lower
than DM, OM, and cellulose in all maintenance management
systems. Lignin is the most difficult-to-digest feed component
(Janusz et al., 2017). The lignin and hemicellulose fractions
are linked by ferulate cross-links, which decrease cell wall
digestibility (Grabber, 2005). Rumen microbes are blocked by
high concentrations of lignin in the primary wall, thereby
preventing the total digestion of plant cells (Harper and
McNeill 2015). Lignin that livestock can tolerate is 7%
(Goering and Van Soest, 1970).

Cellulose digestibility: Different rearing management in this
study significantly affects the cellulose digestibility in adult
bulls, young males, heifers, male calves, and female calves
(Table 6). Cellulose digestibility in intensive rearing
management was lower than in semi-intensive and extensive
rearing. Meanwhile, the semi-intensive and extensive rearing
management tended to be the same in all groups of cattle
observed. The high lignin content of consumed feed
influenced the low digestibility of cellulose in intensive
rearing management. The binding of lignin to cellulose fiber
makes plant cell walls solid (Abdel-Hamid et al., 2013).
Cellulose is the main constituent of plant cell walls (Harris
and DeBolt, 2010). However, the cellulose digestibility in this
study was better than that of rice straw feed with the addition
of 2% Saccharomyces cerevisiae, which only had 25.66%
cellulose digestibility (Suryapratama and Suhartati, 2012).
Average daily gain: The low DM, protein, and Ca
consumption caused low ADG in young female cattle, male
calves, and female calves in extensive rearing management.
The ADG of bulls obtained in this study was ranged from
150.4-164.1 g/day, lower than ADG of young bulls (206.8-
246.9 g/day) and male calves (157.4-236.4 g/day). The
differences in ADG in various cattle age shows that beef
cattle's age affects growth. Bali cattle's growth increased
rapidly from weaning to sexual maturity (Sri Rachma et al.,
2011).

Average daily gain obtained in this study was relatively low
due to the low DM, protein, and Ca consumption in young
cows and calves. Bali cattle have a low growth rate even
during the calf period (Made et al., 2020). However, this
breed is superior in reproductive efficiency (Pribadi et al.,
2015) and the ability to adapt to extreme conditions (Martojo,
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2012). Therefore, Bali cattle are suitable for smallholder
farmers and non-intensive rearing systems (Martojo, 2012).
Average daily gain of Bali cattle on oil palm-cattle integration
can be improved by fermentation feed (Ibrahim et al., 2013).

Conclusion: Smallholder farmers implementing the
integration of livestock-oil palm in Central Bangka Regency
were dominated by inexperienced novice farmers. The
farmer's reason for choosing a rearing management system
was determined by the area and location of the land and the
presence or absence of compost processing. The majority of
the farmer choose semi-intensive rearing management as this
system produces by-products and gives higher weight gain to
Bali cattle due to it being supported by better feed quality. The
consumption of DM in the semi-intensive system was the
highest compared to other systems, especially in young bulls,
heifers, male calves, and female calves. Therefore, it can be
concluded that the semi-intensive management system is the
best model in the Bali cattle-oil palm integration system in the
rural dryland area, in accordance with nutritional status and
the characteristics of smallholder farmers in Indonesia. This
system can be an alternative for sustainable agriculture,
especially in oil palm plantation areas on dry land.
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