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Abstract
Objective: The aim of this research was to measure microbial protein synthesis (MPS) in Phanerochaete  chrysosporium  and determine
its in  vitro  nutrient  digestibility  and  fermentability  of  fermented  oil  palm  fronds  (FOPF)  under  supplementation  with  Ca,  P  and
Mn minerals and grown with tithonia (T) and elephant grass (EG). Methodology: This study used a randomized block design consisting
of four treatment groups: T1 = 20% FOPF+16% T+64% EG, T2 = 40% FOPF+12% T+48% EG, T3 = 60% FOPF+8%, T+32% EG and T4 = 80%
FOPF+4% T+16% EG. Four replicates were used per treatment. The data were analyzed using one-way analysis of variance (ANOVA) and
differences among the means were tested using Duncan’s multiple range tests (DMRT) with 5 and 1% confidence intervals. The variables
measured  were  crude  protein  (CP)  digestibility  (CPD),  cellulose  digestibility  (CD),  ammonia  (NH3)  concentration,  total  volatile  fatty
acid  (VFA)  content   and   fluid   ruminal   pH   values   as   indicators   of   fermentability   and   MPS.   Results:   The   results   showed   that
CPD, CD, NH3 concentration, VFA content and MPS were the highest  (p<0.01) in the T1 treatment. However, pH was lowest (p<0.01) in
T1. Conclusion: The combination of 20% FOPF+16% T+64% EG had the best effect on MPS, in vitro  nutrient digestibility and
fermentability.
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INTRODUCTION

One of the priorities of the Indonesian government is the
achievement of self-sufficiency in milk by 20201. To achieve
this goal, livestock seed availability and feed adequacy are
necessary. Meet the necessary forage feed provisions to
increase milk production, adequate and appropriate land
availability for forage growth is urgent. Population growth has
changed the land available for forage cultivation into
residential areas. This change has prompted researchers to
find alternative feed to meet the needs of cattle forage.

Palm fronds as a waste from oil palm plantations have
potential  for  use  as  alternative  feed  forage  replacement.
Palm  frond  production  from  palm  oil  plantations  reaches
69 t haG1 yearG1 or 20 t of dry matter (DM)/ha/year2. This waste
is highly abundant throughout the year, but its use as livestock
feed is not maximized, especially on farms. Jamarun et al.3

reported that the nutritional content of palm fronds was as
follows: DM, (30.43%), organic matter (OM), (94.13%), crude
protein (CP) (3.64%), crude fiber (CF) (49.80%), neutral
detergent fiber (NDF) (89.98%), acid detergent fiber (ADF)
(73.21%),  cellulose  (41.35%)  and  lignin  (30.63%).  The
utilization  of  palm  fronds as feed is limited because of the
high lignin content4.

Lignin is a natural phenolic polymer that is commonly
found in plant cell walls and is a limiting factor in animal feed
due to its low digestibility5. One effort that can be made to
reduce the lignin content in palm fronds is fermentation using
the mold Phanerochaete  chrysosporium.  The LiP and MnP
enzymes produced by P. chrysosporium  during bioconversion
are among those that first degrade lignin components and
then cellulose components6, resulting in a rapid lag phase of
approximately 0-3 days7 and the ability to grow optimally at
40EC8, making this species suitable for fermentation
generating a  lot  of  heat.  Fermentation  of  palm  fronds  for
20 days using P.  chrysosporium  supplemented with Ca, P and
Mn minerals can decrease the lignin content by 40.08%3. The
digestibility and microbial protein synthesis (MPS) increase as
the lignin content in palm fronds decreases9-11. A low lignin
content makes it easier for rumen microbes to degrade feed
so  that more nutrients can be utilized as a source of energy
for livestock and rumen microbes.

Tithonia (T) plants also have potential as an alternative
feed. T cultivated in  West  Sumatra  can  produce  as  much  as
30 t of fresh material or 6 t of DM per year on a land area of
approximately  1/5  ha.  When  grown  as  a  hedge,  it  can
produce 27 kg of dry weight from three harvests in 1 year12.
Jamarun et al.13  reported the following  nutritional  contents
of  T:  DM  (25.57%),  OM  (84.01%),  CP  (22.98%),  CF  (18.17%),
NDF   (61.12%),   ADF  (40.15%),  cellulose  (34.59%)  and  lignin

(4.57%).  Jama  et  al.14  reported  that  the   green   leaves   of
T   contained   high   levels   of   N   (3.5-4.0%),   P   (0.35-0.38%),
K (3.5-4.1%), Ca (0.59%) and Mg (0.27%). Research on T as a
ruminant feed material is limited because its leaves contain
many  antinutritional  substances  that  endanger  livestock,
such as phytic acid, tannins, saponins, oxalates, alkaloids and
flavonoids15.  The combination of T and elephant grass (EG)
can improve the digestibility and fermentability of the rumen
fluid. Jamarun et al.16 reported a combination of 20% T and
80% EG in vitro  resulting in the DM and OM digestibilities of
58.30 and 57.85%, respectively, pH 6.68, ammonia (NH3)
concentration of 16.89 mg/100 mL and volatile fatty acid (VFA)
content of 127.50 mM. These values continued to decrease
with the addition of T to the ration. The provision of diets with
varying forage will increase VFA production and MPS in Etawa
goat crossbreeds17. The forage composition of the feed greatly
affects the response of livestock growth and production.

The aim of this study was to determine the MPS, in vitro
digestibility and fermentability of oil palm fronds (OPF)
fermented by P. chrysosporium, supplemented with the
minerals (Ca, P and Mn) and combined with T and EG.

MATERIALS AND METHODS

For this study, the OPF were fermented at the Laboratory
of  Technology for Feed Industries, Andalas University. Analysis
of in  vitro  digestibility and rumen microbial populations was
conducted in the Laboratory of Dairy Nutrition of the Bogor
Agricultural Institute. Samples of fermented OPF (FOPF), T and
EG were collected around the town of Padang. All samples
were finely ground and mixed according to the treatment
combinations.  The  parameters  measured  in  this   study
were CP digestibility (CPD), cellulose digestibility (CD), NH3

concentration, total VFA content, pH and MPS.

Fermented oil palm fronds, tithonia and elephant grass: The
OPF materials used as the raw material in this study were
taken from the distal two-thirds of the OPF. The OPF
substrates were cut, dried and finely milled. The OPF were
then fermented using P.  chrysosporium,  supplemented with
2000 ppm of Ca, 2000 ppm of P and 150 ppm of Mn, according
to the procedure described by Jamarun et al.9.

The T plants used in this study had soft plant tissues
(stems, leaves and flowers) with a 6-16 cm long trunk
measured from the top. T and EG were cut, dried and crushed.
The ratio of T and EG in each treatment ratio was 1:4, based on
Jamarun et al.13  The nutritional contents of FOPF, T and EG are
presented in Table 1. The composition of the feed ingredients
and the nutrition of the treatment rations are presented in
Table 2.

463



Pak. J. Nutr., 17 (10): 462-470, 2018

Table 1: Nutritional content of FOPF, tithonia and elephant grass
Raw materials

Nutritional -----------------------------------------------------------------------
content (%) FOPF  Tithonia Elephant grass
DM 72.01 25.57 21.23
OM 91.34 84.01 89.46
CP 8.89 22.98 10.88
CF 38.59 18.17 32.77
NDF 66.52 61.12 66.57
ADF 57.85 40.15 41.71
Cellulose 37.50 34.59 34.18
Lignin 18.35 4.57 6.29

Table 2: Composition of feed ingredients and nutrition of treatment rations
Treatment rations
----------------------------------------------------
A B C D

FOPF (%) 20.00 40.00 60.00 80.00
Tithonia (%) 16.00 12.00 8.00 4.00
Elephant grass (%) 64.00 48.00 32.00 16.00
DM (%)  93.58 92.33 90.88 89.73
OM (%) 88.96 89.56 90.15 90.75
CP (%) 12.42 11.54 10.65 9.77
CF (%) 31.60 33.35 35.09 36.84
NDF (%) 65.69 65.90 66.10 66.31
ADF (%) 44.69 47.98 51.23 54.56
Cellulose 34.91 35.56 36.20 35.85
Lignin (%) 8.43 10.91 13.39 15.87
Total bacteria (cell mLG1) (log 10) 9.36 9.20 9.17 9.05
Total protozoa (cell mLG1) (log 10) 2.23 3.41 4.61 4.70

In vitro procedure: The in vitro  procedure in this study
followed that of Tilley and Terry18. Rumen fluid was taken from
a cow fistula at Bogor, LIPI. The fermenter tube was filled with
0.5 g of sample and 40 mL of McDougall solution was added.
The tube was placed in a shaker bath at 39EC, filled with 10 mL
of rumen fluid and shaken with CO2 for 30 sec, the pH was
checked (6.5-6.9) and the sample was covered with a
ventilated rubber cap and fermented for 48 h. After 48 h, the
rubber cap of the fermenter tube was removed and 2-3 drops
of HgCl2 were added to kill the microbes. The fermenter tube
was centrifuged at 5,000 rpm for 15 min. The substrate was
separated into a precipitate layer at the bottom and a clear
supernatant at the top. The supernatant was removed, the
resulting sediment was centrifuged at 5,000 rpm for 15 min
and 50 mL of 0.2% pepsin-HCl solution was added. This
mixture was then reincubated for 48 h without a rubber cap.
The remaining digested residue was filtered using Whatman
filter paper No. 41 (identified by weight) with the help of a
vacuum pump. The precipitate on the filter paper was placed
in a porcelain dish that was placed in a 105EC oven for 24 h.
After 24 h, the porcelain cup+filter paper+residue was
removed,  inserted  into  a  desiccator  and  weighed  to
determine the DM  content.  Furthermore,  the  ingredients  in

the cup were placed in a kiln or in an electric furnace for 6 h at
450-600EC and weighed to determine the amount of organic
material.  Residues  originating  from  fermentation  without
feed ingredients were used as a control. The proximate
analysis of materials and residues followed the AOAC19 and
Van Soest et al.20 procedure.

Rumen fluid characteristics: The measured rumen fluid
characteristics  were  as  follows:  Ruminal  pH,  NH3-N
concentration and VFA content. Fermenter tubes were each
filled with 0.5 g of sample and 40 mL of buffer  solution  and
10 mL of fresh rumen fluid (ratio of 4:1) were added. After the
tube received CO2, the tubes were closed with a rubber
ventilator. Tubes were inserted into the fermenter shaker
water bath at a temperature of 39EC and incubated for 4 h,
followed by analyses of pH, NH3 and VFA. The ruminal pH was
measured using a pH meter. The NH3-N concentration was
measured using the micro diffusion (Conway) method and the
total VFA content was measured using the steam distillation
method.

Microbial protein synthesis: MPS was measured using a
centrifuge and a spectrophotometer. The centrifuge used in
this study was a Beckman J2-21 centrifuge, while the
spectrophotometer  used  was  an  LW  scientific
spectrophotometer UV-200Rs. To measure MPS, a 20-mL
sample of rumen fluid was initially centrifuged at 400 rpm for
45 sec to separate the bacteria. The samples were then
centrifuged at 408 rpm for 5 min to reduce the population of
protozoa in the rumen fluid and to remove any remaining
food particles. Aliquots (rumen fluid that had been centrifuged
at 408 rpm with a decreased number of protozoa and no food
particles) were taken and 64.5% trichloroacetic acid (TCA) was
added to each 10 mL sample (up to 2.5 mL per sample). The
samples were centrifuged at 15,000 rpm for 20 min, the
supernatant was discarded and the obtained cells/sediment
were  retained  and  washed  with  distilled  water.  The
cell/sediment precipitate was centrifuged again at 15,000 rpm
for  20  min.  The  supernatant  was  discarded  and  the
cell/sediment was added to a 30-mL solution of NaOH (0.25 N).
The precipitate was heated in boiling water for 10 min. The
resulting  supernatant  was  collected  from  each  sample  and
1 mL was used for analysis of microbial proteins according to
Plummer21.

Experimental design and statistical analysis: The study was
conducted   using  a  randomized  block  design  (4×4)  with
4 replications  (levels of FOPF, T and EG as the treatments). The
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differences between the treatment means were analyzed
using Duncan’s multiple range tests (DMRT) with confidence
intervals of 5 and 1%.

The treatments were as follows:

T1 = 20% FOPF+16% T+64% EG
T2 = 40% FOPF+12% T+48% EG
T3 = 60% FOPF+8% T+32% EG
T4 = 80% FOPF+4% T+16% EG

RESULTS AND DISCUSSION

Crude protein digestibility: A higher digestibility rate of a
ration suggests that the ration is of good quality for cattle
consumption  and  can  meet  the  cattle’s  metabolic  needs.
CPD in this study ranged from 50.18-70.71% (Table 3). This
value   is   higher   than   the   results   from   the   study   of
Rahayu et al.22, who measured a CPD of 40.25-46.45% in FOPF
fermented with P.  chrysosporium  without combination with
other forages. The combination of EG and T is only capable of
producing a CPD of 42.40-66.14%13. This suggests that
combined treatment with different types of forage can
improve the CPD.

Table 3 shows that the highest CPD (p<0.01) was
observed in T1, followed by T2 and T3. T4 had the lowest CPD.
The high CPD in T1 was due to the CP content in the T1 ration
being higher than in the other treatments (Table 2). High
proteins contents provide more N for microbial growth. Nearly
80% of rumen microbes require N for protein synthesis. Good
microbial growth also improves feed digestibility. Elihasridas23

stated that the growth and development of rumen
microorganisms are highly dependent on the availability of
nutrients and precursors, such as amino acids, N and minerals.
The dose of T in T1 (16%) is the optimal and maximum dose in
terms of the availability of amino acids, proteins and minerals
for  rumen  microbe  growth.  Fasuyi   et   al.15   reported   that
T leaves contain mostly complex amino acids, such as lysine,
arginine, aspartate, glutamate, methionine, cystine, isoleucine,
tyrosine and phenylethyl. T contains many essential amino
acids for the growth of rumen microbes, such as methionine,
leucine, isoleucine and valine24, as well  as  sufficient  levels  of
P and Mg14, which are essential for rumen microbe growth11.

Phytic acid compounds are antinutrients with high
concentrations in T plants, reaching 79.2 mg/100 g24. In
contrast to monogastric animals, Ruminantia species have
rumen microbes that can produce phytase, including the
bacteria  Actinobacillus  sp. and Bacillus  pumilus25.  This
enzyme is capable of breaking the P bond of phytate so that
P can be absorbed and used as a mineral source for ruminants.

Table 3: Means of crude protein and cellulose digestibility of FOPF by
Phanerochaete  chrysosporium  in  combination  with  tithonia  and
elephant grass

Parameters
--------------------------------------------------------------

Treatments CP (%) Cellulose (%)
T1 70.71a 57.87a

T2 67.38b 51.58b

T3 57.75c 47.68c

T4 50.18d 40.02d

Means in the same column with different letters (a, b, c and c) are significant
(p<0.01)

Phytase in the rumen can also form complex bonds with Zn as
Zn-phytate complexes, which are likely to be degraded and
release Zn slowly to be used for the growth of rumen microbes
and livestock26.

The CPD in T is high, at 16%, due to optimal phytic acid
antinutrients being degraded by rumen microbial phytase
enzymes, resulting in P mineral availability for the growth and
development of optimum rumen microbes. P is an essential
component of microbial growth, maintaining the integrity of
cell membranes, cell walls, components of nucleic acids and
parts of high-energy molecules (ATP, ADP, etc.)27-28. Some feed
ingredients are deficient in P, so P is added to the feed to
promote rumen microbial growth and thereby increase
digestibility29-32. Supplementation of P, S and Mg can increase
nutrient digestibiity29.

The digestibility of ruminant livestock feed depends on
the population and type of rumen microbes, especially
bacteria, because the feed is broken down by enzymes
produced by rumen microbes. Therefore, increasing the
population of rumen bacteria will increase the concentration
of  these  enzymes  and  thereby  improve  feed  digestibility.
Table 2 shows that T1 yielded the highest bacterial population,
at 9.36 (log 10) cells/mL. Protein digestibility is related to the
rumen fluid populations, especially the proteolytic population.
The probable proportion of proteolytic bacteria in T1 was
higher than that in the other treatments, so the ability of the
bacteria to degrade protein was higher in this treatment.

The T1 had a low crude fiber content (31.60%) (Table 2)
compared to that of the other treatments. A high crude fiber
content would decrease the digestibility of other nutrients
and a high coarse fiber content inhibits rumen microbial
degradation of feed3.

Cellulose digestibility: Ruminants require adequate dietary
fiber for normal rumen activity and function. Dietary fibers are
degraded by microbes acting as energy providers to support
basic life, growth, lactation and reproduction33. The role of
dietary fiber as a source of energy is closely related to the
proportion of constituent fiber components, such as  cellulose,
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hemicellulose and lignin. Cellulose is a complex carbohydrate.
Cellulose digestion in the rumen produces energy in the form
of VFAs. CD is strongly influenced by the dietary lignin
content. Lignin is a natural phenol compound that is usually
found in the cell wall of plants and as the limiting factor of
digestibility in livestock5. Lignin is a barrier to cellulosic
hydrolysis,  since  lignin  protects  against  attack  from
cellulose-degrading enzymes34.

Table 3 shows that the CD in this study ranged from
40.02-57.87%. The highest CD was observed in T1, followed by
T2  and  T3.  The lowest CD was observed in T4. The low CD in
T4 caused T4 to have the highest lignin content (Table 2)
among treatments. Lignin binds cellulose in the form of
lignocellulosic bonds, making it difficult for rumen bacteria to
degrade feed. This condition will reduce the population of
rumen bacteria due to a lack of nutrients. Table 2 shows the
lower bacterial population in T4 (9.05 log10 cells/mL) than in
T3,  T2  and  T1.  Cellulosic degradation  is  strongly  influenced
by the number and activity of cellulolytic bacteria. The number
of suspected cellulolytic bacterial populations in T4 was the
lowest. Low number and activity of cellulolytic bacteria will
decrease CD and vice versa35.

T4 contained 80% FOPF. This high FOPF level contributed
a high lignin content to the ration. Although the OPF were
fermented  using  P.  chrysosporium,  the  resulting  lignin
content  was  not  comparable  to  the  low  lignin  contents  of
EG and T (Table 1). Thus, the use of high FOPF levels in
automatic rations will decrease CD because of the strong
lignocellulosic  bonds  that  must  be  degraded  by  rumen
bacteria.

The   CD   in   this   study   was   higher   than   the   CD   in
FOPF fermented by P.  chrysosporium  without combination
with other forage ingredients in studies by Mariani36 and
Rahayu    et   al.22,   amounting   to   28,   263-32,   558   and
37.37-43.13%, respectively. However, the CD in this study was
almost the same as that reported by Jamarun et al.16, who
found that the combination of T and EG produced a CD of
41.25-59.65%.

NH3-N: The NH3 concentration reflects the amount of ration
protein  available  in  the  rumen  and  its  value  is  strongly
influenced by the ability of rumen microbes to degrade the
ration protein. NH3 is an important source of N for
microorganisms that live in the rumen, where it is used for the
synthesis of microbial proteins. According to McDonald et al.37,
the optimal range of NH3 concentrations for rumen MPS is
from 6-21 mMol. Paengkoum et al.38 stated that the N-NH3

concentration required for rumen microbes to digest feed
maximally was  5-20  mg  dLG1,  equivalent  to  3.57-14.28  mM.

Table 4: Mean  NH3  concentration,  VFA  content  and  pH  of  FOPF  by
Phanerochaete  chrysosporium  in  combination  with  tithonia  and
elephant grass

Parameters
------------------------------------------------------------------------

Treatments NH3 (mM) VFA (mM) pH
T1 19.39a 126.40a 6.63a

T2 18.43b 111.25b 6.72b

T3 17.59c 91.10c 6.82c

T4 16.90d 82.83d 6.85d

Means in the same column with different letters (a, b, c and d) are significant
(p<0.01)

Table 4 shows that the treatment had a significant effect
(p>0.01) on the NH3 concentration in rumen fluid. The average
NH3  concentration  in  this  study  was  16.90-19.39  mM. It can
be concluded that the availability of N-NH3 in the rumen fluid
in these 4 treatments was normal, as this value includes the
optimum value for rumen microbial growth.

T1 yielded the highest NH3 concentration (19.39 mM)
(p<0.01). This indicates that the protein quality in T1 was
higher than that in the other treatments. Thus, the high NH3

concentration in this treatment demonstrated the ability of
microbes to degrade feed proteins and was also higher than
that in the other treatments. The increased NH3 availability will
provide N balance and sufficient energy for rumen microbial
growth. The growth rate of rumen microbes can determined
from the number of bacteria (Table 2) and CPD (Table 3),
which was very high in T1. Mukhtarudin and Liman39 stated
that the NH3 concentration could indicate the fermentability
of feed associated with CPD and the number and activity of
rumen microbes.

The protein content in the ration can affect the NH3

concentration  in  the  rumen.  The  ration  protein  content  in
T1 was the highest value (Table 2). Some of the proteins that
enter the rumen will be converted to NH3 by proteolytic
enzymes  produced  by  rumen  microbes.  The  production  of
NH3 depends on the solubility of dietary protein, the protein
content in the ration, the duration that food is in the rumen
and the pH of the rumen40.

Total VFA content: VFAs in ruminant cattle have a dual
function: as a source of carbon for the formation of microbial
proteins and as a source of energy for ruminant livestock.
Table  4  shows  that  the  average  total  VFA  content  was
82.83-126.40 mM. T1 had the highest VFA content (p<0.01)
and T4 had the lowest. The high total VFA content in T1 was
due to the great conversion of crude fiber and other cell wall
components (cellulose, hemicellulose) into simple molecules
(VFAs). The higher the fermentability of a feed material is, the
greater the content of VFAs derived from protein. The high
protein content in T1  (Table  2)  also  contributed  to  the  high
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VFA content. VFAs come not only from carbohydrates such as
cellulose but also from proteins. Although cellulose levels
were the highest in T4, the VFA content was the lowest. This
is because the lignin content in T4 (Table 2) was much higher
than that in the other treatments. Lignin strongly binds
cellulose and hemicellulose. This bond is difficult to penetrate
by enzymes produced by rumen bacteria. Therefore, cellulose
cannot easily be fermented into VFAs.

The high total VFA content in T1 was also caused by
increased fermentation due to the increased number of rumen
microbes  (Table  2).  The  results  obtained  also  agreed  with
the increasing availability of NH3 in the rumen fluid, which
would improve microbial growth through production of VFAs.
Jamarun et al.10 and Febrina et al.11 reported that increasing
the number of rumen microbial cells would increase the
production of VFAs, thereby improving rumen microbial
growth. The VFA content in the rumen fluid can indicate the
feed fermentability level, where the higher the feed
fermentability level is, the greater the VFA content41.

In this study, the average total VFA content was sufficient
for maximum rumen microbial growth. Waldron et al.42  stated
that the total VFA content in rumen fluid was  60-120  mM. The
optimum VFA content for rumen microbes is 80-160 mM37.

pH: Table 4 shows that the average pH of the rumen fluid
ranged from 6.63-6.86. Based on analysis of variance (ANOVA),
the  significant  effect  (p<0.01)  was  shown  to  be  lowest  in
T1. This is because the VFA content in T1 was higher than that
in the other treatments. High VFA contents will automatically
decrease the rumen fluid pH. In accordance with the opinion
of Sutardi43, the higher the VFA content is, the more organic
acids will be produced, causing the pH of the rumen fluid to
be low.

The  pH  of  the  rumen  fluid  in  this  study  was  sufficient
for the growth  of  rumen  microbes.  According   to   Erdman44,

the optimal pH range for CD is 6.4-7. If the pH of the rumen
fluid drops below 6, microbial activity will be inhibited.
Furthermore, Van Soest45 stated that pH greater than 7.1 can
reduce the microbial population drastically so that the
resulting energy is low. The conditions for optimal rumen
microbial activity are a rumen pH of 6-6.946. The degree of
acidity or pH of the rumen fluid is a balance between the
buffer capacity and the basic or acidic properties of the
fermentation product. The type of feed given to the livestock
will affect the pH of the rumen.

Microbial  protein  synthesis:  MPS  describes  the  donation
of   proteins   to   rumen   microbes.  MPS  in  this  study  is
shown  in  Fig.  1.  In  this  study,  the   obtained  MPS  was
53.56-79.21    mg    mLG1,    which    is    similar    to    that
(±68.21-72.93 mg mLG1) in a treatment combining the basal
ration with additional rice bran, wet and dried onggok and
corn. Some carbohydrate sources include fermentable
carbohydrate groups that will be easily digested by rumen
microbes47.  However,  Febrina  et  al.11  reported  that  the
addition of the P, S and Mg to FOPF resulted in an unstable
(p>0.05) MPS of 36.878-46.816 mg mLG1.

The highest MPS was present in T1, followed successively
by T2, T3 and T4. The high MPS in T1 was caused by the feed
CP content in T1 being is also higher than that in the other
treatments  (Table  2).  The  CP  is  a  crucial  component  for
MPS because CP indicates the availability of N for rumen
microbes as long as the N concentration does not decrease
and the CP is not used as a source of energy48. The increased
rumen bacterial growth was also reflected in the increased
MPS. Table 2 shows that the population  of rumen bacteria
was also highest in T1.

Optimal MPS requires the supply of N and other nutrients.
N comes from the production of NH3, while other nutrients
come from the production of VFAs as a result of carbohydrate

Fig. 1: Microbial  protein  synthesis  of  OPF  fermented  by  Phanerochaete  chrysosporium  in  combination  with  tithonia and
elephant grass
Means in the same line with different letters (a, b, c and d) are significant (p<0.01)
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fermentation. Table 1 and 2 show that T1 increased the
production of VFAs, which was followed by a high number of
microbes. This also indicates that MPS increases because of an
increasing  number  of  rumen  microbes.  The  high  MPS   in
T1 indicated carbohydrate degradation,  which  was  faster
than in other treatments. The breaking of lignocellulose and
lignohemicellulose bonds was optimal in this treatment,
increasing the amount of nutrients and making the
carbohydrates in the rumen are more easily degraded by
rumen  microbes.  The  rumen  microbial  population  will
increase when nutrient availability meets the microbial
requirements,   thereby   increasing   MPS.   The   high  MPS   in
T1 is suspected to be from amino acids from T. Microbial
protein synthesis requires amino acids derived from feed
protein degradation. The P content in T (16%) was also
suspected to influence the increase in MPS in T1. The synthesis
of microbial proteins will increase when the P content is
sufficient49.

Hoover and Stokes50 suggested that the rate of MPS will
increase  with  carbohydrate  digestibility.   MPS   is   low  in
low-quality forages due to slow carbohydrate degradation.
This was seen in the T2, T3 and T4, whose rations contained
more FOPF than did those of T1, indicating lower CD (Table 3).
Low CD also produces lower MPS. OPF are a low-quality forage
compared with EG and T because there is sufficient lignin
content.

CONCLUSION

The combination of 20% FOPF+16% T and 64% EG (T1)
yielded the best MPS, in  vitro  fermentability and digestibility
values.

SIGNIFICANCE STATEMENT

The  effect  of  FOPF  combined  with  T  and  EG  on  MPS,
in vitro  fermentability and digestibility was evaluated in this
study. The results indicated that the combination of 20%
FOPF+16% T and 64% EG was highly effective in rations
derived from plantation waste products, such as OPF. This
study will help researchers to realize that the combination of
FOPF with T and EG is important for supporting MPS,  in  vitro
fermentability and digestibility. Thus, this research could lead
to a new theory on the importance of feed material
combinations in rations derived from plantation waste
products.
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