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ABSTRACT

The continuous increase in population and life style, will result in increased demand for animal protein. Animal
protein from beef will be among the animal protein sources of paramount importance due to the large size of beef
cattle and the volume of meat it can produce at a time. In Indonesia, comparison between national beef production
and consumption reveals a deficit and about 51% of beef are imported from other countries. It is estimated that
conditions of this nature will continue to increase every year. One of the problems in the development of ruminants
is forage availability since forage serves as the main feed for ruminants. Forage availability in Indonesia is affected
by differences in geographical conditions in each region and changes in productive forage land for animal feeds
into housing, industry and oil plantations. Indonesia has a high oil palm plantation of about 11.9 million Ha in
2016 and is expected to increase to 14.03 million Ha in 2018. Oil palm plantations need to be rejuvenated
(replanting) every 25-30 years. Replanting produces wastes especially in the form of oil palm trunks. The pith of
the oil palm trunk can be used as animal feed because it has a high fiber content (44.43%) and can serve as a source
of energy for ruminants. However, the oil palm trunk has a limiting factor as the high lignin content (15.41%)
causes low digestibility. Therefore, it is important to develop technologies that can reduce the lignin content and
increase the digestibility. The purpose of this paper is to review the potentials of oil palm plantation wastes (trunks)
as high quality beef cattle feed using ammoniation technology, Direct Fed Microbials (DFM) and addition of the
mineral, cobalt (Co) to increase meat production in beef cattle.
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ABSTRAK

Sejalan dengan bertambahnya jumlah penduduk, keperluan hidup akan meningkat pula termasuk keperluan akan
protein haiwan daripada daging lembu. Perbandingan antara pengambilan dan pengeluaran daging lembu di
Indonesia menunjukkan defisit sehingga harus diimpor sekitar 51% dari negara lain. Diperkirakan keadaan seperti
ini akan terus meningkat setiap tahunnya. Salah satu permasalahan dalam pengembangan haiwan ternakan adalah
ketersediaan makanan. Terdapatnya perbezaan persekitaran disetiap daerah di Indonesia dan berlakunya
perubahan kawasan penghasilan makanan haiwan ternakan kepada kawasan perumahan, industri dan perkebunan
telah menurunkan peluang haiwan ternakan mendapatkan makanan semulajadinya. Indonesia memiliki area
perkebunan kelapa sawit yang luas iaitu sekitar 11.9 juta Ha pada tahun 2016 dan diperkirakan bertambah kepada
14,03 juta Ha pada tahun 2018. Kelapa sawit perlu ditanam semula (replanting) setiap 25-30 tahun. Penebangan
pokok untuk penanaman semula ini akan menghasilkan sisa terutama dalam bentuk batangnya. Bagian empulur
dari batang kelapa sawit dapat dimanfaatkan menjadi makanan haiwan ternak karena memiliki kandungan serat
yang cukup tinggi (44,43%) sebagai sumber tenaga bagi ternak. Akan tetapi batang kelapa sawit juga memiliki faktor
pembatas yaitu kandungan lignin yang cukup tinggi (15,41%) yang dapat menyebabkan penghadaman menjadi
rendah. Oleh itu pengetahuan berkaitan teknologi untuk menurunkan kandungan lignin serta meningkatkan nilai
penghadaman adalah penting untuk dikembangkan. Tujuan dari penulisan ini adalah untuk menerokai potensi sisa
perkebunan kelapa sawit sebagai bahan makanan ternak lembu pedaging yang bermutu tinggi dengan menggunakan
teknologi amoniasi dan Direct Fed Microbials (DFM) serta penambahan mineral Cobalt (Co) untuk meningkatkan
penghasilan daging pada haiwan ternakan lembu pedaging.

Kata kunci : Batang kelapa sawit, sapi potong, amoniasi, DFM, Cobalt

INTRODUCTION

Indonesia is the country with the fourth largest human population in the world. The country has a total population
of 252.2 million in 2014 and it is projected to increase to 305.7 million by 2035 (Badan Pusat Statistik, 2014). The
increase in population will be accompanied by increase life style and demand for goods and services. These goods
and services will include the livestock industry needed to provide meat, eggs and milk for the supply of animal
protein. An important source of animal protein is meat, derived from beef cattle. According to Ditjen
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Peternakan dan Kesehatan Hewan (2016), national beef consumption in 2016 was 0.417 kg/capita/year, equivalent
to 1.05 million tons, while national meat production in 2016 was 518,500 tons. This shows a beef supply deficit
and importation of cattle from other countries to fulfill the demand. In 2016, Indonesia imported 493,726 tons of
cattle (Dirjen Peternakan dan Kesehatan Hewan, 2016). Importation of cattle is expected to increase every year
along with the increasing population and the needs for animal protein. Therefore, the production of beef cattle
must be increased to be able to supply the domestic needs. One of the problems in the development of ruminants
production is the availability of forage (the main feed for ruminants). The availability of forages can be influenced
by differences in geographical conditions in each region of Indonesia and the conversion productive forage lands
for animal feeds to housing, industries and plantations.

O1l palm plants were brought initially by the Dutch to Indonesia in 1848 and were planted in the Bogor
Botanical Gardens. Because oil palm plants thrived well in Indonesia, in 1910, commercial cultivation began and
expanded to other parts of Indonesia. In the 1980’s the area under oil palm cultivation/plantations reached 200,000
hectares and has continued to increase until now. According to Dirjen Perkebunan (2016), the potential of oil palm
plantations in Indonesia is very high with a plantation area of 11.9 million Ha in 2016 and it is expected to increase
to 14.03 million Ha in 2018. The largest distribution of plantations in Indonesia is in the provinces of Riau, North
Sumatra, Central Kalimantan, South Sumatra, and West Kalimantan (Dirjen Perkebunan, 2016). As the area under
oil palm plantations continues to increase in Indonesia over years, replanting or rejuvenation of oil palm
plantations will also increase. The consequences of this replanting will lead to the production of large quantities of
oil palm wastes, especially oil palm trunk that can be used as animal feed.

Oil palm replantation is an activity to replace the old oil palm plants that are no longer economical
compared to new oil palm plants or after 25-30 years old of being planted. The oil palm trunk from replantation
that can be used as animal feed is the pith or the inside of the trunk which has been separated from the outer layer.
Guritno and Darnoko (2003) stated that the average area of replantation during the period of 2001 - 2005 was
32,155 ha/year. Solid wastes in the form of oil palm trunk was generated at 2.26 million tons per year, while in the
period of 2006 - 2010 there was an increase in the area of replanting oil palm plantations, which averaged 89,965
hectares annually. During this period of replanting oil palm plantations solid waste production reached 6.3 million
tons per year.

The large quantity of wastes produced from oil palm plantations serve as potential for cattle feed. The
pith of the oil palm in particular is of much importance for the production of cattle feed. The percentage of pitch
in an oil palm truck is 75%. Thus 4.72 million tons of oil palm pith was available as animal feed. In terms of
nutrition, oil palm trunks contain high crude fiber which serves as an energy source for ruminants. However, oil
palm trunk as ruminant feed has limitations due to the high lignin content. Therefore, the development of
technologies to reduce lignin content and to increase digestibility is important. The purpose of this paper was to
review the potential of oil palm plantation wastes as high quality beef cattle feed using ammoniation technology,
Direct Fed Microbials (DFM) as well as the addition of the mineral, cobalt (Co) to increase meat production in beef
cattle.

Morphology and chemical composition of oil palm trunk pith and its limitations
The morphology of the oil palm trunk consists of the hard outer part, the softer inner trowels and the pith. The

trunk of oil palm has more percentage of pith than other parts. Cross section of the oil palm trunk and its pith can
be seen in Figure 1.
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Figure 1. Cross section of oil palm trunk (a = morphology of pith; b = block of pith after separated from outer
layer)

Oil palm pith has a chemical composition containing 49.54% dry matter, 87.56% organic matter, 44.43%
crude fiber, 3.64% crude protein, 3.32% crude fat, 55.33% cellulose, 20.35% hemicellulose and 15.41% lignin
(Azhary, 2018). The highly fiber fractions contained in oil palm pith is a very good source of energy for ruminants.
However, the highly lignin content serves as a limiting factor since lignin can form lignocellulose and
lighohemiselulose bonds making it difficult to be degraded by rumen microbes. Lignin is composed of three
phenylpropanoid compounds, namely komaril alcohol, alcohol coniferil, and sinapil alcohol, which are arranged
randomly to form amorphous or irregular lignin polymers (Higuchi, 1980). Lignin is one of the phenylpropanoid
polymers which are difficult to be remodeled (recalcitrant). This is due to its heterogeneous structure and
complexity.

Existing technologies for using oil palm trunks

Utilization of oil palm trunks can be done using several technologies with the aim of reducing lignin content and
improving quality in terms of nutritional content and digestibility. Some of the technologies commonly used
include physical (chopped and evaporated), chemical (alkaline/NaOH and acid/ammonia treatment), biological
(fermented and enzymatic) and their combinations. The use of oil palm as ruminant feed is very promising if it is
first processed. Ammoniation is an inexpensive, easy and practical technology used in forage processing and can
improve the palatability of livestock.

Ammoniated technology

Ammoniation is a treatment of waste feed ingredients with urea CO(NHz)2. There ate three sources of ammonia
that can be used in the ammoniated process: NHj in the form of liquid gas, NH4OH in the form of a solution, and
urea in solid form. The advantages of using urea for ammoniation is that, it is easy to obtain, the price is relatively
cheap, it is easy to handle, it is non-toxic and has a high nitrogen content. This is supported by Siregar (1995), who
stated that, urea with the molecular formula CO(NH>)2 is widely used in ruminant rations because it is easy to
obtain, has low price and little poisoning caused by biuret. Physically, urea is solid white and hygroscopic.
Ammoniation from urea can cause changes in the composition and structure of cell walls which play a role in
breaking the bonds between lignin and cellulose/hemicelluloses (Komar, 1984). The chemical reaction that occurs
(by cutting the hydrogen bridge) develops the tissue and increases the flexibility of the cell wall to facilitate
penetration by cellulase produced by microorganisms.

Ammoniation has been shown to have good effects on feed. Furthermore, ammoniation increases feed
digestibility. After decomposing into NHj3 and CO»,, NH3 and water molecules will undergo hydrolysis to NH4*
and OH. NH3 has pKa of 9.26, meaning that in a neutral atmosphere (pH=7) there will be more NH*. Thus,
ammoniation will be similar to alkaline treatment. The OH group can break the hydrogen bond between carbon
number 2 and one glucose molecule with oxygen. Carbon number 6 is another glucose molecule found in cellulose,
lignocellulose and lignohemicellulose bonds. It is known that these last two bonds are alkaline labile which can be
broken by alkaline treatment. Thus, the feed will expand making it easily digestible by the rumen microbes. Further
expansion of feed will dissolve the lignin deposits found in the walls and space between cells. It means that
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ammoniation also decreases the level of chemical composition that are difficult even not digested by livestock
which results in an increase in the digestibility of feed far more.

The positive effect of ammonia treatment on straw was first reported by Nikolaeva (1941) and more
research was conducted by Chomyszyn ef a/. (1961). A shortage of fodder in Scandanavia because of drought in
the seasons of 1975 and 1976 accelerated interest in the ammoniation of straw (Sundsteji ez 2, 1978). According
to Parulian (2009), urea is used at 1% in a ration on dry matter basis, not more than 3% in concentrate mixture or
not more than 1/3 of the protein requirement. Improved performance of animals receiving ammoniated roughage
is dependent upon the concentrate level of the diets fed (Horton, 1979; Garrett, ez al, 1979). Furthermore, Watly
(1994) stated that ammoniation treatment can increase the digestibility of rice straw both 7 vive, in vitro and in sacco,
and increase feed consumption and body weight gain of sheep. According to Seed ef a/ (1985) stated that
ammoniated maize residue can be included in fattening diets for lambs with beneficial effect provided that not
more than 60% concentrate is included and The higher dressing percentage indicates a higher fat content in
carcasses of lambs fed ammoniated diets (Berg and Butterfield, 1976).

THE ROLE OF DIRECT FED MICROBIALS (DFM)

Manipulation of the rumen ecosystem can be done through feed processing (to increase energy availability and
increase protein) and through supplementary feeding. These will stimulate microbial growth and activity in the
rumen and increase digestibility and efficient feed usage. The bioprocess activity in the rumen can be manipulated
as long as the nutrient requirements of the rumen microbes are supplied, whereas certain nutrient deficiencies
needed by rumen microbes will reduce biomass and will result in decreased digestibility of feed, especially fibrous
feed (Preston and Leng, 1987). Bioprocess manipulation can be done by feeding supplements that can stimulate
microbial growth and activities to increase the digestibility of feed in the rumen. Some of these feed supplements
are buffers, defaunation agents, amino acids and precursors, probiotics, minerals and enzymes.

In recent times the use of probiotics, also known as Direct Fed Microbials (DFM) for animal production has
become intensive among farmers. Haddadin ez a/. (19906) stated that probiotics are organisms and their substances
can support the balance of micro-flora in the digestive tract. The use of probiotics is an alternative for controlling
rumen fermentation and a more efficient way of feed and nutrient usage. Some strains of microorganisms have
been used as probiotics, these strains include yeast and fungi. The use of probiotics can increase the population
and activity of rumen microbes to increase feed digestibility. Saccharomyces cerevisiae has been widely used and it is
known to increase livestock productivity. The use of probiotics in feeds is intended to ensure a balance of useful
microorganisms in the degradation process of the components of nutrients in the rumen (William and Newbold,
1990). Enzymatic activity on the degradation of fiber components can be increased if the production of fiber-
breaking enzymes can be increased (Gong and Tsao, 1979), this can be achieved by microbial supplementation or
probiotics.

The use of these microbes has the advantages of increasing fermentation efficiency in the rumen,
increasing forage digestibility and increasing the flow rate of microbial proteins from the rumen (Wallace and
Newbold, 1992). Probiotics help to increase body weight gain by increasing consumption of dry matter and protein
(Ngadiyono and Baliarti, 2001), providing better rumen conditions (Prihardono, 2001), increasing dry matter
digestibility (Apriyadi, 1999) and higher nitrogen retention (Han et al, 2004). The addition of probiotics in rations
can stimulate microbial growth in the rumen and increase feed digestibility in ruminants (Zain ef al., 2011). The
microorganisms commonly used as DFM in ruminants are grouped into three, these are bacteria, yeast and fungi.

DFM of bacteria species

Bacterial species commonly used as DFM in ruminant animals are Bacillus, Lactobacillus and Pseudomonas (Llyod-
Evans, 1989; Chen and Chiou, 2004). Bacillus is one of the bacterium that can produce various types of enzymes
that are able to breakdown chemical compositions such as carbohydrates, fats and proteins into simple compounds
that are more easily digestible by livestock (Buckle e al., 1987). Bacillus bacteria are widely used as probiotics because
of their ability to produce antimicrobial compounds that can inhibit the development of other harmful
microorganisms. All types of Bacillus groups will produce these antimicrobial compounds under certain
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conditions if there is an inducer compound that is able to induce the biosynthesis of these antimicrobial compounds
in their cells.

Bacillus amylolignefaciens as a probiotic has been known to produce a variety of important commercial
enzymes and metabolism in the last decade (Zhang, 2011). Wizna e/ al, (2007) isolated a cellulolytic bacterium
(Bacillus amyloliquefaciens) from Lunang Peat forest litter in Pesisir Selatan Regency, West Sumatra. B. amilolyquifaciens
products as probiotics have been used in the poultry industry to increase their performance. However, the
utilization of B. amylolyguifaciens has never been tested on ruminants. Therefore, research is needed regarding the
use of B. amyloliguifaciens in ruminant animals given the ability of these bacteria to produce several enzymes that
have the potential to help digest the fiber ruminants take in.

Several studies have reported on the effect of bacteria as DFM for feed supplementation. Qiao et al, (2010)
tound that Bacillus subtilis as a supplement did not produce any effect on rumen fluid characteristics and nutrient
digestibility by iz vive trial. However, supplementation of B. /icheniformis increased the average dry matter digestibility,
NDF and ADF (Beecher e# al., 2009). Also, supplementation of Bacillus licheniformis in cattle feed increased the
average daily body weight gain during 0-8 weeks of feeding trial (Fu ez @/, 2012). Some studies that used bacteria
as DFM species in improving the digestibility of feed ingredients are presented in Table 1.

Table 1. The use of DFM of bacteria in increasing digestibility

No DFM of Bacteria Species Result Reference

1 Suplementation with L. Calf Initial body weight was maintained and Cruywagen e#
acidophilus  at ~ 5%X107 control of body weight loss until 2 4/ (1996)
cfu/ml. weeks of age occurred.

2 Suplementation with L. Calf Reduced risk of diarrhea in the first Abu-Tarboush
acidophilus, L.  plantarum, week in calves and Lactobacilli increased et al. (1990)
and L. acidophilus strain in calf faeces given liquid feed plus L.
27SC at 1.85%107 cfu/ml. acidophilus 27SC in it.

3 Suplementation with Cattle rumen Lower concentration of acetate, higher Weiss ¢/ 4l
Propionibacterium strain fluid (i vitro) propionate concentration and energy (2008)
P169 at 6X10'" cfu/day efficiency.

4 Suplementation with Cattle rumen Increased propionate proportion but Lehloenya ef al.
Propionibacterium strain fluid (in vitro) did not affect rumen digestion, (2008)
P169 at 6X10!" cfu/day microbial protein synthesis or feed flow

rate.
DFM of yeast species

The species of yeast commonly used in ruminants is Saccharomyses cerevisiae (Shin et al., 1989). The use of S. cerevisiae
as a supplement to live microbes in the rumen will affect the host by improving the balance of rumen
microorganisms. S. cerevisiae is able to compete with starch bacteria which leads to the prevention of lactate
accumulation in the rumen (Lynch and Martin, 2002). In addition, it was reported that S. cerevisiae has the ability to
stimulate growth factors, such as organic acids or vitamins, thereby stimulating cellulolytic bacterial populations
(Chaucheyras et al., 1995; Zain et al., 2011). The addition of single microorganism such as . cerevisiae to feed is only
1 g/head/day for sheep (Mardalena, 2000).

The principle by which yeast work has been explained briefly by Yoon and Stern (1995). They explained
that yeast in the rumen is able to utilize oxygen so as to ensure anaerobic conditions for rumen bacteria and
stimulate certain rumen bacterial populations. This situation is followed by increased utilization of ammonia and
lactic acid so that the rumen pH is stable. Anaerobic conditions and stable rumen pH allow for more optimal
microbial protein synthesis so that the total population of rumen bacteria increases and digestibility of crude fiber
increases too. With increasing digestibility of crude fiber, it automatically increases consumption and supply of
nutrients to the intestine. In the end it will increase the overall production response. Several studies using yeast as
DFM in increasing the digestibility of feed ingredients are presented in Table 2.
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DFM of Yeast

Species

Result

Reference

Supplementation with S.
Cerevisiae in feed (22.5 g/d
and 11.25 g/d).
Supplementation with .
cerevisiae and addition of
bioplus to ration

Supplementation with .
Cerevisiae at 4 x 109 CFU per
day.

Supplementation with .
Cerevisiae at 3 g to 12 g in
hay rations, corn leaf silage
and concentrates.
Supplementation with .
cerevisae (PSc) at 5.2 x 1011
Cru.

Supplementation with .
cerevisiae at 5.2 x 1011 CFU
Use of yeast culture

Suplementation with yeast
culture (0, 2.5, 7.5 g kg
1/DM) on straw.
Suplementation with S.
Cerevisiae at 4g/d
Suplementation with S.
Cerevisiae at 0%, 0.25%,

Sheep

Sheep

Sannen goat

Friesian
Holstein cattle

Brahman
Cross cattle
Friesian
Holstein cattle

Buffalo

Cattle rumen
fluid (7n vitro)

Sheep

Cattle rumen
fluid (7n vitro)

Digestibility of dry matter, NDF and
ADF increased at a dose of 22.5 g/d and
no effect at a dose of 11.25 g/d.

A positive correlation was obtained at a
dose of 4 g/day and feed conversion
efficiency of 6 kg/kg body weight gain
was produced.

Increased milk production by 14.4%.

Did not increase milk production.

Increased in meat production by 0.43 kg/
head/day.

Increased in milk production by 15%.

Produced ADGW of 1.39 kg and 1.34 kg
in test and control animals, respectively.
There was an increased in dry matter
digestibility in vitro.

Reduced the concentration of acetate and
increased propionate.

Increased bacterial population compared
to controls but not significantly different

El-Waziry and
Ibrahim (2007)

Ratnaningsih
(2000)

Abd. El-Ghani
(2007)

Nikkah e a4l
(2004)
Soeharsono
(2010)

Adam et al
(1981)

Tang et dl
(2008)

Inal ez al. (2010)

Zain et al
(2011)

0.50% and 0.75% between treatments, 0.29; 4.99; 5.12 and

6.01.

Note: DM = dry matter, CFU = colony forming unit, NDF = neutral detergent fiber, ADF = acid detergent fiber
and ADGW = average daily gain weight

DFM of fungi species

DFM of fungi origin commonly used in ruminant are Aspergillus niger and Aspergillus oryzae (Llyod-Evans, 1989;
Chen and Chiou, 2004). Offer (1990) and Newbold (1990), have used models to describe how probiotics of fungi
origin works in ruminants in 6 stages. Increased livestock productivity was as a result increased feed consumption
(stage 1). The increase in feed consumption occurred due to increase in fiber digestibility and microbial protein
flow rate. In stage 2, increased in the digestion rate of fiber caused an improvement in the growth of
microorganisms, due to the supply of minimal life requirements for the proliferation of microorganisms (Hobson
and Wallace, 1982). The use of fungi probiotics caused an increased in the population of microorganisms in the
rumen, as a result of the improvement in the activities of microorganisms (stage 3). Improved activities of these
microorganisms occurred because of the stable rumen pH which is a secondary influence (stage 4). The stability of
the rumen pH is thought to be caused by a decrease in lactic acid in the rumen (stage 5). Fungi probiotics form a
substance that functions as a cofactor so as to increase lactate absorption by rumen microorganisms (Nisbet and
Martin, 1991). This slows the release of oligosaccharide compounds which are precursors of lactic acid (stage 6).
Some studies that used fungi as DFM in increasing the digestibility of feed ingredients are presented in Table 3.
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Table 3. The use of fungi as DFM in feeds to increase digestibility

No DFM of Fungi Species Result Reference
1 Supplementation ~ with  Cattle rumen fluid  Increased the total concentration of Beharka e# 4/
Aspergillus  oryzae  at (¢n vitro) VFA, propionate, acetate in the rumen  (1991)
6x10" CFU/ml. and the number of cellulolytic bactetia
was higher than the control.
2 Supplementation  with Calf Increased digestibility in cows and Wiedmeier
Aspergillus  oryzae  at calves fed poor quality feed from 0.57 (1989)
6x101" CFU/ml. kg/day to 0.80 kg/day.

Note : CFU = colony forming unit and VFA = volatile fatty acid
The influence of combination of microorganisms as DFM

Researches using a combination of several microorganisms as DFM have been carried out to optimize livestock
productivity. Amin (1991) stated that the supplementation of 5. cerevisiae and A. oryzae combination increased the
fermentation of feed in the rumen. This was due to the synergistic effects of the two microorganisms. S. cerevisiae
is able to produce amylase enzymes which functions to digest starch, whereas A. oryzae produces cellulase enzymes
and hemicellulase which are able to digest crude fiber (cellulose and hemicellulose). This statement was supported
by Shin ez a/. (1989) who stated that S. cerevisiae is one of the commonly used microbes for livestock as a probiotic,
together with bacteria and other fungi such as A. niger, A. oryzae, B. pumilus, B. centuss, L. acidophilus, S. crimers,
Streptococcus lactis and Streptococcus termophilus.

Widiawati and Winugroho (2007) reported that the supplementation of probiotics consisting of bioplus,
S. cerevisiae and Candida wtilis in feed increased milk production by 13%. Supplementation of microorganisms
(Aspegillus oryzae and S. cerevisiae) increased dry matter digestibility, milk production, milk quality, and live weight of
ruminants (Kung ez a/. 1997; Alshaikh ez /. 2002). This occurred because of an increased in the number of
cellulolytic bacteria, an increased in degradation of fibers in the rumen, and a change in the rumen's fatty acid
content (VFA). Yeast also has the ability to provide growth factors, such as malic acid, which is used by lactate
bacteria to improve pH (6.5-7) changes in the rumen. A combination of yeast cultures stimulated the use of
hydrogen by rumen acetogenic (Kung ez a/, 1997; Alshaikh ez a/, 2002; Miller-Webster ez al., 2002; Sniffen ez al.,
2004).

The combination of microorganisms as DFM in ruminants have not been widely reported. Doto and Liu
(2011) reported on the combination of B. licheniformis and Clostridinm butyricum, and a combination of both with
yeast culture in vitro as DFM in ruminants. The combination of B. Jcheniformis and C. butyricum increased the
digestibility of dry matter and organic matter, and were higher when B. lcheiformis and C. butyricum were combined
with yeast culture. Rojo ¢z al. (2005) stated that, combination of S. cerevisiae and B. licheneformis increased the
digestibility of organic matter in buffalo. Studies using combination of microorganisms as DFM to increase feed
digestibility in ruminants is shown in Table 4.

Table 4. The use of DFM combinations in increasing digestibility

No  Combination of DFM Species Result Reference

1 Supplementation with S. Dairy cattle Increased digestibility of organic Yoon and
cerevisiae (57 g/d) and A. matter and protein; whereas fungal Stern (1995)
oryzae, 3 g/d culture stimulated cellulolytic and

proteolytic bacteria.

2 Supplementation with S. Sheep AO and SC + AO supplementations Latif ef a/. (2014)
cerevisiae (0.5 g/d), A increased DM digestibility by 5% and
oryzae (0.5 g/d) and their 9%, respectively; SC, AO and SC +
combination AOQ increased nitrogen digestibility.

3 Supplementation  with Calf ADG and feed efficiency increased Malik and
Lactobacillus acidophilus at and were higher in calves who Bandla (2010)
1x10° CFU/bottle/kg received feed supplemented with
and . cerevisiae at 3x107 probiotics and enzymes

CFU/bottle/kg
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Note : CFU = colony forming unit, AO = Aspergilus oryzae, SC = Saccharomyses cerevisiae, DM = dry matter, ADG =
average daily gain

THE ROLE OF COBALT (Co) MINERALS IN RUMINANT

In addition to the use of technologies to reduce lignin content, increasing the quality and for that matter the
digestibility of feed derived from oil palm pith can be done by adding the mineral Cobalt (Co). Co is most
commonly found in the kidneys, adrenal glands, spleen and pancreas. Only a small amount of Co can be found in
blood and milk. Cows’ requirement for Co is higher than that of sheep. Ruminants’ requirement for Co is relatively
high due to their use in vitamin B12 formation and absorption. For calves, B12 is more necessary than adult cows
(Parakkasi, 1999). For all ruminants, the NRC recommends a maximum tolerable level of 10 ppm (DM) (NRC of
Sheep, 1985; NRC of Dairy Cattle, 2001) However, in the light of the above remarks this limit seems to be too
low. The limit of 30 ppm (DM) seems to be sufficiently safe to protect ruminants from Co toxicity. (Puls, 1988)

Rumen microbes use Co for the formation of cyanocobalamin or vitamin B12 molecules. Supplementation with
Co can improve appearance due to the recycle process into the rumen through saliva or rumen wall. Co is needed
for the formation of vitamin B12 and rumen microorganisms have the ability to synthesize vitamin B12 from Co.
Co requitements have been estimated to be 0.10 mg/kg of dry matter for beef (NRC, 2000) and 0.11 mg/kg of
dry matter for dairy cattle (NRC, 2001). Co also affects the metabolism of some rumen microorganisms. In some
bacteria, the propionate formation pathway from succinate to L-methylmalonyl CoA depends on vitamin B12 and
Co (Tiffany and Spears, 2005). Co increases the proportion of propionate in rumen fluid and decreases the ratio
of acetate: propionate to finisher sheep (Tiffany, 2003; Tiffany and Spears, 2005). Co supplementation increased
colostrum and concentration of vitamin B12 in milk (Akins e# @/, 2013). Schwatz ¢z al. (2000) stated that, the Co
requirement for beef cattle is 0.12 mg/kg for maximum body weight gain and 0.16 to 0.18 mg/kg for maximum
feed consumption on DM basis. Co supplementation can improve fiber fermentability (Krisidayova, 2001). Studies
using Co to influence fermentation in the rumen is presented in Table 5.



101 / J. Agrobiotech. Vol. 9 (2), 2018, p. 92-107.

Table 5. The use of Cobalt (Co) minerals to influence fermentation in the rumen

No Cobalt Treatment Species Result Reference

1 Increased Co  Lactation cattle  Did not affect dry matter Kincaid and
supplementation in feed digestibility, milk production and Socha (2007)2
(0.199, 0.37" or 1.09 mg composition, plasma or serum Kincaid e al
Co/Kg of dry matter. concentration of vitamin B12. (2003)»

Akins et al
(2013)9

2 Supplementation of Co in Buffalo Increased consumption, ADG and Tiffany (2003)
feed from 0.10 to 1 ADFI; but decreased
mg/kg. supplementation of Co to 0.05

mg/kg did not significantly increase
ADG.

3 Supplementation of 0.5  Priangan sheep  There was no significant effect on Latifudin e 4l
ppm Co-sulfate in basal DM digestibility with a value of (2002)
feed. 932.30 g/head/day but there was a

significant effect on body weight gain
(BWG) and feed efficiency (FE) with
a BWG wvalue of 3940 g and FE of
7.45% compared to the control
which was 858.32 g/head/day DM,
3620 g BWG, and 7.41% FE.

4 Effect of concentrate Sheep The treatment of 50% field grass + Hernaman ef 4/
substitution with cassava 50% concentrate + 5 ppm cobalt + (2015)
waste supplemented with 30 ppm zinc gave the highest yield of
cobalt and zinc VFA 213.11 mM, NH3 15.61

mM, pH 6.96, dry matter digestibility
58.85% and  organic  matter
digestibility 59.75%.

5 Supplementing Co- Cattle rumen fluid There was no interaction on dry Hussein ¢ al
glucoheptonate at a dose (¢n vitro) matter digestibility, organic matter, (1994)
of 0, 5 and 10 ppm in the NDF and VFA.
alfafa, hay, orchard grass,
and corn leaves in vitro.

6 Interaction of cobalt and Beef cattle Supplementation of 8 mg/day Co Chapman and
molybdenum increased blood hemoglobin, copper  Kidder (1963)
supplementation and iron levels in the liver but

decrease molybdenum level.
7 Effect of cobalt Sheep Increased  the proportion of Tiffany (2003)

supplementation at a dose
of 0.04 mg/kg (control),
0.05, 0.10, and 1 mg/kg
(growth phase and
finisher phase)

propionate during the finishing and
growing phase and the plasma status
of vitamin B12. It was concluded that
the sheep until the finishing phase
requires about 0.15 mg/kg Co and
was not affected by the source of Co.

Note : ADG = average daily gain, ADFI = average daily feed intake, NDF = neutral detergent fiber and VFA =
volatile fatty acid
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CONCLUSION

Oil palm pith can be used as beef cattle feed when treated, and this will reduce the lignin content that serves as a
limiting factor for its digestibility. The technologies that can be used to reduce lignin and increase digestibility
includes ammonia technology using urea/ammonia, Direct Fed Microbials (DFM) using different microorganisms
such as yeast, bacteria and fungi, and the addition of cobalt (Co). These technologies are capable of increasing
fermentation in the rumen leading to increase in the conversion of meat in beef cattle.

ACKNOWLEDGMENT

This study was funded by the Ministry of Research, Technology and Higher Education of The Republic of
Indonesia through PMDSU No: 1387/E4./2015 and suppott through the B-Class Wotld Class Professor Program
Scheme 123.57 / D2.3 / KP / 2018. We are very grateful for their support.

REFERENCES

Abd El-Ghani, A. A. (2007). Influence of diet supplementation with yeast culture (Saccharomyces cerevisiae) on
perfomance  of  Zaraibi  goats.  Swall  Ruminant  Research ~ 52(3):  223-229.  DOI:
10.1016/j.smallrumres.2003.06.002

Abu-Tarboush, H. M., Al-Saiady, M. Y. & Keir El-Din, A. H. (1996). Evaluation of diet containing lactobacilli on
performance, fecal coliform, and lactobacilli of young dairy calves. Journal of Animal Feed Science Technology
57:39-49. DOI: 10.1016/0377-8401(95)00850-0

Adam, D.C,, Galyean, M.L., Kiesling, H.E., Wallace, ].D. & Finker, M.D. (1981). Influence of viable yeast culture,
sodium bicarbonate and monensin on liquid dilution rate, rumen fermentation and feedlot performance
of growing lambs and digestibility in lamb. Journal of Animal Science 53:780-789. DOI:
10.2527/jas1981.533780x

Akins, M.S., Bertics, S.J., Socha, M.T. & Shaver, R.D. (2013). Effect of cobalt supplementation and Vitamin B12
injections on lactation, performance and metabolism of Holstein dairy cows. Journal of Dairy Science
96:1755-1768. DOI: 10.3168/jds.2012-5979

Alshaikh, M. A., Alsiadi, A. Y. S., Zahran, M., Mugawer, H. H. & Aalshowime, T. A. (2002). Effect of feeding yeast
culture from different sources on the performance of lactating Holstein Cows in Saudi Arabia. Aszan-
Australia. Journal of Animal Science 15(3):352-355. DOI: 10.5713/2jas.2002.352

Amin. (1997). Pengaruh pengggunaan probiotik Saccharomyces cerevisiae dan Aspergillus oryzae dalam ransum pada
populasi mikroba, aktifitas fermentasi rumen, kecernaan dan pertumbuhan sapi perah dara. Thesis
Magister Sains Institut Pertanian Bogor, Indonesia.

Apriyadi, L. (1999). Pengaruh penambahan probiotik bioplus serat pada konsumsi dan kecernaan ransum rumput
gajah (Pennisetum purpurenm) yang diberikan pada domba ekor tipis. Skripsi Fakultas Pertanian Universitas
Djuanda, Indonesia.

Badan Pusat Satistik. (2014). Buku statistik Indonesia. Badan Pusat Satistik. Jakarta. [Accessed on 25 August 2018].
Available from Wortld Wide Web: https://www.bps.go.id

Beecher, C., Daly, M., Berry, D.P., Klostermann, K., Flynn, J., Meaney, W., Hill, C., McCarthy, T. V., Ross, R.P.
& Giblin, L. (2009). Administration of a live culture of Lactococcus lactis DPC3147 into the bovine mammary

gland stimulates the local host immune response, particularly 1l-1 and 11-8 gene expression. Journal of Dairy
Research 76:340-348. DOI: 10.1017/50022029909004154



103 / J. Agrobiotech. Vol. 9 (2), 2018, p. 92-107.

Beharka, A. A., Nagaraja, T. G. & Morrill, J. L. (1991). Performance and ruminal function development of young
calves fed diets with Aspergillus oryzae fermentation extract. Journal of Dairy Science 74:4326-436. DOL:
10.3168/jds.S0022-0302(91)78628-1

Berg, R.'T. & Butterfield, R.M. (1976). New concepts of cattle growth. Sydney University Press. Sydney.

Buckle, K. A., Edwards, R. A., Fleed, G. R. & Wooton, M. (1987). Ilmu pangan. Terjemahan Adiono dan Purnomo.
UI Press, Jakarta. ISBN: 979-8034-09-0

Chapman, H. L., Jr., & Kidder, R. W. (1963). Oral administration of molybdenum and cobalt to Brahman-Angus
heifers. Journal of Animal Science 22: 985-988. DOI: 10.2527 /jas1963.224985x

Chaucheyras, F., Fonty, G., Bertin, G., Salmon, J. M. & Gouet, P. (1995). Effects of a strain of Saccharomyces cerevisiae
(Levucell SC), a microbial additive for ruminants, on lactate metabolism in vitro. Canadian Journal of
Microbiology 42:927-933. DOL: 10.1139/m96-119

Chen, CR., Yu, B. & Chiou, P.W.S. (2004). Roughage energy and degradability estimation with Aspergillus oryzae
inclusion using dairy in vitro fermentation. Asian-Australian Journal of Animal Science 17:53-62. DOI:
10.5713/2ajas.2004.53

Chomyszyn, M., Bielinski, K. & Slabon, W. (1961). Ammoniated straw for fattening growing wethers. Nutrition
Abstracts and Reviews 31:1030.

Cruywagen, C. W., Jordaan, I. & Venter, L. (1996). Effect of Lactobacillus acidophilus supplementation of milk
replacer on preweaning performance of calves. Journal of Dairy Science 79:483-486. DOI:
10.3168/7ds.S0022-0302(96)76389-0

Direktorat Jendral Peternakan dan Keschatan Hewan. (2016). Statistik peternakan dan kesechatan hewan.
Kementerian Pertanian. Jakarta. ISBN: 978-979-628-034-6

Direktorat Jenderal Perkebunan. (20106). Statistik kelapa sawit Indonesia. Kementerian Pertanian. Jakarta.
[Accessed on 25 August 2018]. Available from WWW:
https://www.bps.go.id/publication/2017/.../statistik-kelapa-sawit-indonesia-2016.html

Doto, S.P. & Liu, J. X. (2011). Effect of direct-fed microbials and their combination with yeast culture on in vitro
rumen fermentation characteristic.  Jowrnal of  Animal Feed  Science 20 259-271. DOI:
10.22358 /jafs/66183/2011

El-Waziry. A. M. & Ibrahim, H. R. (2007). Effect of Saccharomyces cerevisiae of yeast on fiber digestion in sheep fed
Berseem (Trifolinm alexandrinum) hay and cellulose activity. Australian Journal of Basic and Applied Sciences 1(4):
379-385. ISSN: 1991-8178

Fu, Y. Q., Diao, Q. Y., Tu, J., Wang, Y.. H. & Xu, X. C. (2012). Effects of different combinations of probiotics
on growth performance and serum biochemical parameters in dairy calves aged from 0 to 8 weeks. Chinese
Journal of Animal Nutrition 24(4):753-761.

Gong, C. S. & Tsao, G. T. (1979). Cellulase and biosynthesis regulation. Awnual Reports on Fermentation Process 3:111-
140. DOTI: 10.1016/B978-0-12-040303-5.50011-3

Guritno, P. & Darnoko. (2003). Teknologi pemanfaatan limbah dari peremajaan perkebunan kelapa sawit. Seminar
nasional mengantisipasi regenerasi pertama perkebunan kelapa sawit di Indonesia 9 — 10 April 2003. Bali:
Max Havelaar Indonesia Foundation.

Haddadin, M.S.Y., Abdulrahim, S.M., Hashlamoun, E.A.R.& Robinson, R.K. (1996). The effect of Lactobacillus
acidophilus on the production and chemical composition of hen eggs. Poultry Science 75: 491—494. DOIL:
10.3382/ps.0750491



104 / Azhary et al.

Hau, D.K,, Katipana, N.G.F., Nulik, J., Pohan A., Lailogo, O.T. & Liem, C. (2004). Pengaruh probiotik terhadap
retensi nitrogen dan energi serta pertumbuhan ternak sapi bali timor jantan. Proceeding. Seminar Nasional
Teknologi Peternakan dan Veteriner. Bogor, 4-5 Agust 2004. Pustlitbang Peternakan, Bogor, 91-96 pp.

Hernaman, 1., Budiman, A., Nurachma, S. & Hidajat, K. (2015). Kajian in vitro subtitusi konsentrat dengan
penggunaan limbah perkebunan singkong yang disuplementasi Kobalt (Co) dan Seng (Zn) dalam ransum
domba. Buletin Peternakan 39(2):71-77. DOL: 10.21059/buletinpeternak.v39i2.6710

Higuchi, T. (1980). Lignin structure and morphological distribution in plant cell wall. In. Kirk, T. K. (Ed.). Lignin
Biodegradation, Microbiology, Chemistry, and Potential Application Vol 1. CRC press, Florida.

Hobson, P. N. & Wallace, R. J. (1982). Microbial ecology and activities in the rumen: Part 1. Jowrnal CRC Critical
Reviews in Microbiology. 9(3):165-225. DOI: 10.3109/10408418209104490

Hussein, H. S., Fahey, G. C. Jr., Wolf, B. W. & Berger, L. L. (1994). Effects of cobalt on in vitro fiber digestion of
forages and byproducts containing fibet. Journal of Dairy Science 77:3432-3440. DOI: 10.3168/jds.S0022-
0302(94)77286-6

Inal, F., Gurbuz, E., Coskun, B., Alatas, M.S., Citil, O.B., Polat, E.S. Seker, E. & Ozcan, C. (2010). The effect of
live yeast culture (Saccharomyces cerevisiae) on rumen fermentation and nutrient degradability in yeatling
lambs. Kafkas Universitesi | eteriner Fakultesi Dergisi 16(5):799-804. ISSN: 1309-2251

Kincaid, R. L., & Socha. M. T. (2007). Effect of cobalt supplementation during late gestation and early lactation
on milk and serum measures. Journal of Dairy Science 90:1880—1886. DOI: 10.3168/jds.2006-296

Kincaid, R. L., Lefebvre, L. E., Cronrath, J. D., Socha, M. T. & Johnson, A. B. (2003). Effect of dietary cobalt
supplementation on cobalt metabolism and performance of dairy cattle. Journal of Dairy Science 86:1405—
1414. DOLI: 10.3168/jds.S0022-0302(03)73724-2

Komar, A. (1984). Teknologi pengolahan jerami sebagai makanan ternak. Yayasan Dian Grahita, Bandung,.

Krisidayova, S., Sviatko, P. Siroka, P. & Jalc. D. (2001). Effect of elevated cobalt intake on fermentative parameters
and protozoan population in rusitec. Journal of Animal Feed Science and Technology 91: 223-232. DOL:
10.1016/S0377-8401(01)00225-5

Kung, L. J. R., Kreck, E.M.,, Tung, R.S. Hession, A.O., Sheperd, A.C., Choen, M.A., Swain, H.E. & Leedle, J. A.
Z. (1997). Effect of a live yeast culture and enzymes on in vitro ruminal fermentation and milk production
of dairy cow. Journal of Dairy Science 80:2045-2051. DOI: 10.3168/jds.S0022-0302(97)76149-6

Latief, M. R., Zahran, S.M., Ahmed, M.H., Zeweil, H.S. & Sallam, S.M.A. (2014). Effect of feeding Saccharomyces
cerevisiae and Aspergillus oryzae on nutrient utilization and rumen fermentation characteristic of sheep. Journal
of Agriculture Research 59(2):121-127. DOI: 10.1016/S0377-8401(96)01008-5

Latifudin, D., Budiman, A. & Rusmana. D. (2002). Pengaruh suplementasi kobalt dan vitamin B12 terhadap

pertambahan bobot badan, konsumsi bahan kering dan efisiensi penggunaan pakan domba priangan. Jurnal
Limu Ternak 2(2):60-64.

Lehloenya, K. V., Krehbiel, C. R., Mertz, K. J., Rehberger, T. G. & Spicer, L. J. (2008). Effects of propionibacteria
and yeast culture fed to steers on nutrient intake and site and extent of digestion. Journal of Dairy Science
91:653-662. DOLI: 10.3168/jds.2007-0474.

Llyod-Evans, L.D.M. (1989). Probiotic. P.].B. Publications. Ltd. Richmond.



105 / J. Agrobiotech. Vol. 9 (2), 2018, p. 92-107.

Lynch, H. A .& Martin, S. A. (2002). Effect of Saccharomyces cerevisiae culture and Saccharomyces cerevisiae live cells on
In Vitro mixed ruminal microorganism fermentation. Jowrnal of Dairy Science 85:2603-2608. DOI:
10.3168/jds.S0022-0302(02)74345-2

Malik, R. & Bandla, S. (2010). Effect of source and dose of probiotics and exogenous fibrolytic enzymes (Efe) on
intake, feed efficiency, and growth of male buffalo (Bubalus bubalis) calves. Tropical Animal Health and
Production 42:1263-1269. DOI: 10.1007/s11250-010-9559-5

Mardalena, R. (2000). Saccharomyces cerevisiae lokal sebagai altematif pengganti probiotik:impor dalam ransum domba.
Skripsi Fakultas Pertanian Universitas Djuanda, Bogor.

Miller-Webster, T., Hoover, W. H. & Holt, M. (2002). Influence of yeast culture on ruminal microbial metabolism
in continuous culture. Journal of Dairy Science 85:2009-2014. DOI: 10.3168/jds.S0022-0302(02)74277-X

National Research Council (NRC). (1985). Nutrient requirements of sheep. Washington: National Academy Press.
[Accessed on 25 August 2018]. Available from www: https://cpb-us-el.wpmucdn.com/.../NRC-Sheep-
1985-1m52j.pdf

National Research Council (NRC). (2000). Nutrient requirements of beef cattle, Update. 7th ed. Natl. Acad. Press,
Washington,  DC. [Accessed on 25  August  2018].  Available from = www:
pods.dasnr.okstate.edu/docushare/dsweb/.../E-974web.pdf

National Research Council (NRC). (2001). Nutrient requirement of dairy cattle. Ed ke-7.Washington (US):
National ~ Academy Pr. [Accessed on 25 Augustus 2018]. Available from www:
https://profsite.um.ac.ir/ ~kalidari/software/NRC/HELP /NRC%202001.pdf

Newbold, C. J. (1990). Probiotics as feed additives in ruminant diets. In. Stern, M., Wagner, G., Rogers, J. & Seilner,
R. (Eds.). 51st Minnesota Nutrition Conference. University of Minnesota, Minnesota.

Ngadiyono, N. & Baliarti. E. (2001). Laju pertumbuhan dan produksi karkas sapi peternakan ongle jantan dengan
penambahan probiotik starbio pada pakannya. Media Peternakan 24(2):63-67. ISSN: 0126-0472

Nikkah A., Bonadaki, M. D. & Zali, A. (2004). Effects of feeding yeast (Saccharomyces cerevisiae) on production
performance of lactating Holstein dairy cow. Iranian Journal Agriculture Science 35:53-60. DOI:
10.3168/7ds.S0022-0302(94)77249-0

Nikolaeva, L.I. (1941). Ammonium hydroxide treatment of straw. Chemical Abstracts 35:817.

Nisbet, D. J. & Martin, S. A. (1991). Effect of yea-sacc on lactate utilization by the ruminal bacterium Selenonas
ruminantinm. Journal of Animal Science 69:4628-4633. DOI: 10.2527/1991.69114628x

Offer, N. W. (1990). Maximizing fiber digestion in the rumen: The role of yeast culture. In Lyons, E. P. (Ed.),
Biotechnology in the feed industry. Alltech Technical Publications, Nicholasville, Kentucky.

Parakkasi, A. (1999). Ilmu gizi dan makanan ternak ruminansia. Indonesia University Press. Jakarta.

Parulian, S. T. (2009. Efek pelepah daun sawit dan limbah industrinya sebagai pakan terhadap pertumbuhan sapi
peranakan ongole pada fase pertumbuhan. Skripsi Fakultas Pertanian Universitas Sumatra Utara,
Indonesia.

Preston, T. R. & Leng, R. A. (1987). Matching ruminant production systtem with available resources in the tropics.
Penambul Books. Armidale. ISBN: 0958829012

Prihardono, R. (2001). Pengaruh suplementasi probiotik bioplus, lisinat Zn dan minyak ikan lemuru terhadap
tingkat penggunaan pakan dan produk fermentasi rumen domba. Skripsi Fakultas Peternakan, Institut
Pertanian Bogor, Indonesia.



106 / Azhary et al.

Puls, R. (1988). Mineral levels in animal health. British Columbia Ministry of Agriculture.

Qiao, G. H., Shan, A.S., Ma, N., Ma, Q. Q. & Sun, Z. W. (2010). Effect of supplemental bacillus cultures on rumen
fermentation and milk yield in Chinese Holstein cows. Journal of Animal Physiology and Animal Nutrition
94(4):429-436. DOL: 10.1111/§.1439-0396.2009.00926.x

Ratnaningsih, A. (2000). Pengaruh Pemberian probiotik Saccharomyces cerevisiae dan bioplus pada ransum ternak
domba terhadap konsumsi bahan kering, kecernaan dan konversi ransum (i wivo). Skripsi Fakultas
Peternakan Universitas Padjajaran, Indonesia.

Rojo, R., Mendoza, G. G. D., Gonzalez S.S., Landois, L., Batcena, R. & Crosby, M. M. (2005). Effects of exogenous
amylase from Bacillus licheniformis and Aspergillus niger on ruminal starch digestion and lamb
petformance. Animal Feed and Science Technology 123-124, 655-665. DOI: 10.1016/j.anifeedsci.2005.04.053

Schwarz, F. J., Kirchgessner, M. & Stangl, G. I. (2000). Cobalt requirement of beef cattle—Feed intake and growth
at different levels of cobalt supply. Journal of Animal Physiology Animal Nutrition (Berlin) 83:121-131. DOL:
10.1046/j.1439-0396.2000.00258.x

Seed, E.W. (1983). Ammoniated maize residue for the fattening of lambs. South Africa Journal of Animal Science
13(1):16-18.

Shin, T., Hyung, S., Kyun, K, & Choong, A. (1989). Effects of CYC on the performance of dairy, beef cattle and
swine. Seoul, Korea.

Siregar, S. B. (1995). Pengawetan pakan ternak. Penebar Swadaya, Jakarta.

Sniffen, C. J., Durand, F. C., Ordanza, M. B. & Donaldson, G. (2004). Predicting the impact of a live yeast strain
on rumen kinetics and ration formulation. Proceedings of the Southwest Nutrition and Management
Conference, Tempe. US.

Socharsono, K., Kamil, A. & Mushawwir, A. (2010). Sistem gastrointestinal ruminansia. In. Socharsono (Ed.).
Fisiologi ternak, fenomena dan nomena dasar dari fungsi serta interaksi organ pada hewan. Widya
Padjadjaran, Bandung.

Sundst~L, F., Kossila, V., Theander, O. &Thomsen, K.V. (1978). Evaluation of the feeding value of straw: A
comparison of laboratory methods in the Nordic countries. Acta Agriculture Scandavia 28:10-16.

Tang., S. X., Tayo, G.O., Tan, Z. L., Sun, Z. H. & Shen, L. X. (2008). Effect of yeast culture and fibrolitic enzyme
supplementation on in vitro fermentation characteristics of low-quality cereal straws. Journal of Animal
Science 86:1164-1172. DOL: 0.2527 /jas.2007-0438

Tiffany, M. E. & Spears, ].W. (2005). Differential responses to dietary cobalt in finishing steers fed-corn versus
batley-based diets. Journal of Animal Science 83:25580-2589. DOI: 10.2527/2005.83112580x

Tiffany, M. E. (2003). Cobalt requirements in growing and finishing cattle based on performance, vitamin B12
status and metabolite concentrations. PhD Dissertation North Carolina State University, Raleigh..

Wallace, R. J. & Newbold, C. J. (1992). Probiotics for ruminants. In: Fuller, R. (Ed.). Probiotics, The scientific
basis. Chapman and Hall. London.

Wartly, L. (1994). Study on improving nutritive value of rice straw and physico-chemical aspects of its digestion in
sheep. PhD Thesis Tottori University, Japan.

Weiss, W. P., Wyatt, D. J. & McKelvey, T. R. (2008). Effect of feeding propionic bacteria on milk production by
early lactation daity cows. Journal of Dairy Science 91:646-652. DOL: 10.3168/jds.2007-0693.



107 / J. Agrobiotech. Vol. 9 (2), 2018, p. 92-107.

Widiawati, Y. & Winugroho, M. (2007). Pengaruh pemberian kosentrat fermentasi dan probiotik terhadap produksi
susu sapi perah di pondok rangon. Prosiding Seminar Sapi Perah. Indonesia.

Wiedmeier, R. D. (1989). Optimizing the utilization of low quality forages through supplementation and chemical
treatment. Uzah Beef Cattle Field Day 9:17-21.

Williams, P. E. V. & Newbold, C. J. (1990). Rumen probiosis: The effects of novel microorganism on rumen
fermentation and ruminal productivity. In: Haresign, W. & Cole, D. J. A. (Eds.). Recent Advanced In
Animal Nutrition. London: Butterworths. ISBN: 0408041501

Wizna., Abbas, H., Rizal, Y., Dharma, A. & Kompiang, 1. P. (2007). Selection and identification of cellulase-
producing bacteria isolated from the litter of mountain and swampy forest. Microbiology Indonesia Journal
1(3):135-139. ISSN 1978-3477.

Yoon, I. K. & Stern, M. D. (1995). Influence of directed fed microbials on ruminal microbial fermentation and
performance of ruminants: A review. Asian-Australian Journal of Animal Science 8: 535 — 555. DOI:
10.5713/2jas.1995.553

Zain, M, Jamarun, N., Arnim, A., Ningrat, W. S.N. & Herawati, R. (2011). Effect of yeast (Saccharomyces cerevisiae)
on fermentability, microbial population and digestibility low quality roughage (i vitro). Archiva Zootecnica
14(4):51-58.

Zhang, B., Shi, Z, Duncan, D. T, Prodduturi, N., Marnett, L. J. & Liebler, D. C. (2011). Relating protein adduction
to gene expression changes: A systems approach. Molecular Biosystemss T(7): 2118-2127. DOI:
10.1039/c1mb05014a



