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Abstract. This study aimed to assess the potential of ammonia-treated palm fronds as a substitute for
conventional forage in animal feed through in vitro analysis. The materials used were palm fronds, elephant
grass, fine bran, corn, coconut meal, and urea. This study employed a Completely Randomized Design (CRD) with
five treatments and four replications. The treatments applied in this study were: TO: 70% forage (all grass, no
ammoniated palm fronds) + 30% concentrate, T1: 70% forage (75% grass, 25% ammoniated palm fronds) + 30%
concentrate, T2: 70% forage (equal portions of grass and ammoniated palm fronds) + 30% concentrate, T3: 70%
forage (25% grass, 75% ammoniated palm fronds) + 30% concentrate, and T4: 70% forage (entirely ammoniated
palm fronds, no grass) + 30% concentrate. The observed variables in this study encompassed pH, digestibility of
dry matter, organic matter, and crude protein, as well as the digestibility of NDF, ADF, and hemicellulose. The
data obtained in this experiment were analyzed using analysis of variance (ANOVA) according to the design used.
The post hoc test used was Duncan's multiple range test. The experimental results indicated that the treatments
did not significantly affect (P>0.05) pH after in vitro testing. However, they had a significant impact (P<0.05) on
the digestibility of dry matter, organic matter, crude protein, NDF, ADF, and hemicellulose. Digestibility
increased with the increasing percentage of ammoniated palm fronds in the diet. In conclusion, this research
demonstrates that the ammoniation process can improve the quality of palm fronds, leading to increased
digestibility of palm fronds in the diet. Ammoniated palm fronds can replace forage in cattle feed based on
nutrient digestibility in vitro.
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Abstrak. Penelitian ini bertujuan untuk mengevaluasi pemanfaatan pelepah sawit yang telah diamoniasi sebagai
pengganti pakan hijauan pada ternak secara in vitro. Bahan yang digunakan pelepah sawit, rumput gajah, dedak
halus, jagung, bungkil kelapa, dan urea. Penelitian ini menggunakan Rancangan Acak Lengkap (RAL) yang terdiri
dari 5 perlakuan dengan 4 kali ulangan. Perlakuan yang diberikan adalah TO: 70% hijauan (100% rumput + 0%
pelepah kelapa sawit yang diamoniasi) + 30% konsentrat, T1: 70% hijauan (75% rumput + 25% pelepah kelapa
sawit yang diamoniasi) + 30% konsentrat, T2: 70% hijauan (50% rumput + 50% pelepah kelapa sawit yang
diamoniasi) + 30% konsentrat, T3: 70% hijauan (25% rumput + 75% pelepah kelapa sawit yang diamoniasi) + 30%
konsentrat, T4: 70% hijauan (0% rumput + 100% pelepah kelapa sawit yang diamoniasi) + 30% konsentrat.
Variabel yang diamati meliputi pH, kecernaan bahan kering, kecernaan bahan organik, kecernaan protein kasar,
kecernaan NDF, kecernaan ADF, dan kecernaan hemiselulosa. Data yang diperoleh di analisis varian (ANOVA).
Uji post hoc yang digunakan adalah uji rentang berganda Duncan. Hasil percobaan menunjukkan bahwa
perlakuan tidak memberikan pengaruh nyata (P>0,05) terhadap pH tetapi memberikan pengaruh nyata (P<0,05)
terhadap kecernaan bahan kering, kecernaan bahan organik, kecernaan protein kasar, kecernaan NDF,
kecernaan ADF, dan kecernaan hemiselulosa. Peningkatan persentase pelepah sawit memberikan pengaruh
pada peningkatan kecernaan pakan. Proses amoniasi dapat meningkatkan kualitas pelepah sawit, yang
mengarah pada peningkatan kecernaan pelepah sawit dalam pakan. Pelepah sawit yang diamoniasi dapat
menggantikan hijauan dalam pakan ternak berdasarkan kecernaan nutrisi secara in vitro.

Kata kunci: Amoniasi, in vitro, Kecernaan, Pelepah sawit.
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Introduction

Livestock forage availability varies
throughout the year, being plentiful during the
rainy wet season but significantly decreasing in
the arid
challenges for farmers in maintaining sufficient

and high-quality feed for their animals. A

season. This fluctuation creates

shortage of forage can lead to reduced livestock
productivity due to inadequate nutrition. One
possible solution is utilizing agricultural by-
products as an alternative feed source. Palm
fronds are a viable option due to their
abundance in plantation areas. However, their
high crude fiber content poses a limitation for
direct use as animal feed. To improve their
nutritional value and digestibility, treatments
such as ammoniation are required.

In Indonesia, particularly in Jambi Province,
there is an abundance of agricultural and
plantation waste, including palm fronds, which
have potential as cattle feed. Oil palmis a rapidly
expanding plantation crop, with its cultivated
areaincreasing from 956,889 hectares in 2019 to
1,033,354 hectares in 2020. Palm oil processing
generates both liquid and solid waste. Palm Qil
Mill Effluent (POME) is produced at a rate of
approximately 600-700 liters per ton of fresh
fruit bunches (FFB). Given that palm oil mills in
Jambi process around 1,230 tons of FFB per hour
and operate for 20 hours daily, the estimated
annual POME production is about 5.4 million
cubic meters. Additionally, solid waste, including
empty fruit bunches, shells, and fiber, is
generated in substantial amounts. The potential
for oil palm waste utilization in Jambi reaches
approximately 89,080 tons annually, offering
opportunities for conversion into alternative
fuels such as briquettes (Jambi Province
Plantation Office, 2021).

Considering their price and availability, feed
derived from agricultural and plantation waste
like palm fronds has better economic value
because these food sources are not fully utilized
as cattle feed. Furthermore, utilizing palm fronds

as cattle feed is one way to mitigate

environmental pollution. However, the use of
palm fronds as the main cattle feed is limited by
their low quality, as reflected in their low
digestibility. This poor quality of feed has a direct
impact on livestock productivity, such as
decreased growth rate, low feed efficiency, and
decreased body weight. Cows that consume high
-fiber feed with low digestibility will have
difficulty in wusing nutrition optimally, thus
impacting the low production of meat and milk.
This is a challenge in the livestock system based
on oil palm waste, so that processing technology
is needed, such as ammoniation, to improve the
quality of nutrition and digestibility of oil palm
fronds as animal feed.

Fiber-rich feed such as palm fronds can be
improved in quality through alkali treatment,
whether using NaOH, Ca(OH)2, or NH3 gas.
Among these, ammoniation using urea is the
most cost-effective and accessible method for
small-scale farmers, compared to NaOH or
Ca(OH)2 treatment, which may involve higher
costs and logistical challenges. Alkali treatment
can dissolve some lignin from the feed and break
the hydrogen bonds between carbon two of one
glucose molecule and carbon six of another
glucose molecule in cellulose (Saha and Fathak,
2021).

One alkali treatment that can improve the
quality of fiber feed like palm fronds is
ammoniation using urea (Fitria dkk., 2023).
Ammoniation treatment with urea not only
loosens lignocellulosic bonds for easier digestion
by rumen bacteria but also increases the crude
protein content of the feed to meet the nitrogen
needs for rumen bacteria growth (Liang et al.,
2024). Using urea in the ammoniation process is
a simple, cost-effective, and easily applicable
treatment for rural farmers since urea is readily
available and does not require substantial costs.
A urea level of 6% and an ammoniation duration
of 28 days are suitable levels for ammoniation
processes on corn husks (Andayani et al., 2005;

Chen et al., 2020). Furthermore, Andayani
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(2008) stated that ammoniation treatment with
urea can increase the degradation of rice straw,
palm fiber, corn husks, and sugarcane tops by
10-15%.

To determine the beneficial value of a feed,
digestibility trials on livestock need to be
conducted because chemical analyses of a feed
only describe its nutrient values without its
actual benefits This study seeks to assess the
potential of ammoniated palm fronds as a
substitute for forage in animal feed through in
vitro analysis.

Materials and Methods

Research location

The production, harvesting, pH testing, and
evaluation of dry matter digestibility, oraganic
matter digestibility, crude protein digestibility,
neutral detergent fibre, acid detergent fibre, and
hemicellulose were carried out at the Animal
Nutrition and Feed Laboratory, Faculty of Animal
Science, Universitas Jambi.

Research materials

The materials used included palm fronds,
elephant grass, fine bran, corn, coconut meal,
urea, saturated HgCl, solution, Solution A (200
mL containing 45.5 grams Na;POa, 12H.PO4, 49
grams NaHCOs, 2.35 grams NaCl, and 2.85 grams
KCl), Solution B (6 grams MgCl, 6%), Solution C (6
grams CaCl, 4%), distilled water (1000 mL),
pepsin, and 0.10 N HCI. The equipment used
consisted of a set of tools for ammoniated and in
vitro digestibility measurement.

Research designs

This study employed an experimental
method using a Completely Randomized Design
(CRD) consisting of 5 treatments with 4
replications. The treatments applied were the
use of ammoniated palm fronds in cattle feed, as

follows:

TO: 70% forage (entirely grass, no ammoniated
palm fronds) + 30% concentrate

T1: 70% forage (75% grass, 25% ammoniated
palm fronds) + 30% concentrate

T2: 70% forage (50% grass, 50% ammoniated
palm fronds) + 30% concentrate

T3: 70% forage (25% grass, 75% ammoniated
palm fronds) + 30% concentrate

T4: 70% forage (fully replaced with ammoniated
palm fronds, no grass) + 30% concentrate

Research procedure

The process of ammoniating oil palm fronds,
as outlined by Belanche et al. (2021), begins by
preparing the fronds, which are cut into smaller
pieces of approximately 5-10 cm for easier
handling. Urea is then applied as the ammonia
source, typically at a concentration of 3-5% of
the dry weight of the palm fronds. Before mixing
with the fronds, the urea is dissolved in water to
ensure even distribution. Once the fronds are
thoroughly mixed with the urea solution, they
are stored in an anaerobic or sealed
environment, often using silage plastic, to
initiate fermentation. The fermentation period
lasts between 3 and 4 weeks, depending on
ambient temperature and humidity conditions
(Julianti et al.,, 2024). When fermentation is
complete, the fronds are exposed to air for 1-2

days.

Variables to be measured

In vitro testing followed the Tilley and Terry
(1963) method. A 0.50 g sample was placed in a
100 mL tube containing 40 mL McDougall buffer
and 10 mL rumen fluid. CO, was passed through
for 30 seconds before sealing the tube and
incubating it at 39°C for 4 hours. After
incubation, Volatile Fatty Acids (VFA) and
ammonia nitrogen (N-NHs) were analyzed. After
48 hours, 2—-3 drops of saturated HgCl, were
added, followed by centrifugation at 3000 rpm
for 15 minutes. The supernatant was discarded,
and 50 mL of 0.2% HCI pepsin solution was
introduced for further digestion over 48 hours.
The residue was filtered using Whatman No. 41
paper, dried at 105°C for 24 hours, and ashed in
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a furnace for 6 hours. Dry Matter Digestibility
(DMD) and Organic Matter Digestibility (OMD)
were calculated using Theodorou and Brook
(1990), while Crude Protein Digestibility (CPD)
(2023). NDF, ADF, and
hemicellulose content according to Van Soest
(1965) method.

followed Katoch

Data analysis

Data obtained from the in vitro experiment
were analyzed using analysis of variance
(ANOVA) according to the design used. Post hoc
tests employed Duncan's multiple range test
(Adams and McGuire, 2022).

Results and Discussion
pH

The pH of rumen fluid, which is slightly acidic
to neutral, is essential for the proper functioning
of microbial activity and digestion in the rumen.
If you're working with rumen fluid in
experiments, making sure it stays within this
range is important for accurate results.
According to McDonald et al. (2022), the pH of
the rumen ranges from 6.8-7, under these
conditions digestive activity in the rumen can
run normally. The post-incubation rumen pH
values for ammoniated palm fronds are TO
(6.86), T1 (6.88), T2 (6.87), T3 (6.87) and T4
(6.89).

The analysis of variance revealed that the
treatment rations did not have a significant
effect (P>0.05) on the in vitro pH values. This is
likely because the nutritional composition of the
rations was fairly similar, leading to no
significant impact on pH levels after in vitro

testing. Moreover, since the same rumen fluid

and buffer
quantities, the pH remained stable. The pH

solution were used in equal
values observed in this study fell within the
normal range for supporting optimal rumen
microbial activity.

McDonald et al. (2022) states that the ideal
pH range for optimal microbial activity in the
rumen is between 6.50 and 7, which supports
efficient feed digestion. A drop in pH during in
vitro testing is typically due to fermentation,
leading to lactic acid production, which increases
acidity and inhibits microbial activity (Sadarman
et al., 2023). Maintaining an optimal rumen pH is
crucial for effective feed breakdown, as it allows
fiber-digesting microbes to function at their best
(Sadarman et al., 2024).

McDonald et al. (2022) observed that
cellulolytic bacteria are very sensitive to acidic
environments and perform optimally at a pH of
6.40-7.0. The pH values obtained in this study
suggest that the buffer system effectively
maintained the pH within the normal range
(Pardosi, 2018). This indicates that the pH
achieved through this treatment supports
optimal rumen microbial activity.

Dry matter digestibility, organic matter, and
crude protein digestibility

The digestibility of ammoniated oil palm
fronds can vary depending on several factors,
including the specific treatment and the
conditions under which they are processed. The
values for rumen dry matter digestibility, organic
matter digestibility, and crude protein
digestibility following the in vitro incubation of

ammoniated palm fronds are shown in Table 1.

Table 1. Dry matter, organic matter, and crude protein of palm frond ammoniated

Dietary Treatment

Parameters
T0 T1 T3 T4 SEM
DMD (%) 34.0° 35.78 38.6° 39.9° 38.9° 8.42
OMD (%) 31.32 34.8° 37.6¢ 39.4¢ 39.1¢ 0.87
CPD (%) 58.92 63.1° 63.2° 65.8¢ 67.9¢ 0.23

P values marked by different superscript in the same row differ significantly (P<0.05) due to dietary treatment; DMD —dry
matter digestibility; OMD — organic matter digestibility; CPD — crude protein digestibility
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Dry matter digestibility

The analysis of variance results the treatment
indicates a significant effect (P<0.05) on dry
matter digestibility in vitro. Duncan's multiple
that the dry matter
digestibility in treatment TO is not significantly

range test reveals
different from T1, but differs significantly from
T2, T3, and T4. Treatment T1 also shows
significant differences from T2, T3, and T4.
Treatments T2, T3, and T4 do not differ
These
differences are likely due to the impact of using

significantly from one another.
ammoniated palm fronds in the ration.

Differences in structure and composition
between elephant grass and ammoniated palm
fronds may enhance dry matter digestibility as
the inclusion of ammoniated palm fronds in the
diet increases. The average dry matter
digestibility across treatments ranged from
34.0% to 39.9%. This enhancement is likely due
to the effect of urea used in the ammoniation
process. Urea treatment helps break down
lighocellulosic and lignohemicellulosic bonds in
the palm fronds, which facilitates increased dry
matter digestibility.

Mor (2018) reported that treating fibrous
feeds with urea ammoniation improves their
nutritional quality. According to him, urea
ammoniation enhances the nutritional value of
fibrous feed by increasing its nitrogen content,
improving  digestibility, enhancing rumen
fermentation, and reducing fiber content, which
collectively make the feed more palatable,
digestible, and beneficial for ruminants' health
and productivity. Additionally, Obada et al.
(2023) reported that the ammoniation process
helps to loosen fiber bonds and partially disrupts
lignin-cellulose and lignin-hemicellulose bonds.
Mohammadi et al. (2024) observed that urea
ammoniation not only breaks down
lignocellulosic bonds to facilitate digestion by

rumen bacteria but also provides nitrogen to

support  bacterial growth.  Furthermore,
Andayani (2008) noted that ammoniation
loosens both lignocellulosic and

lignohemicellulosic bonds, improving dry matter
degradation.

Organic matter digestibility

The analysis of variance results indicate that
the treatments had a significant effect (P<0.05)
on organic matter digestibility in vitro. Duncan's
multiple range test shows that organic matter
digestibility in treatment TO significantly differs
from that in T1, T2, T3, and T4. Similarly,
treatment T1 significantly differs from T2, T3,
and T4. However, treatments T2, T3, and T4 do
not show significant differences from one
another. These variations are likely due to
differing levels of ammoniated palm fronds in
each treatment and the distinct structural and
fiber component compositions of the feed
ingredients used.

These variations play a role in enhancing
organic matter digestibility across the
treatments. The enhancement in digestibility is
likely attributed to the urea used in the
ammoniation process. Urea treatment causes
the loosening  of lignocellulosic  and
lignohemicellulosic bonds in the ammoniated
palm fronds, thereby improving organic matter
digestibility. This result aligns with Mohammadi
et al. (2024), who stated that urea ammoniation
of fibrous feeds aids in breaking lignocellulosic
bonds, enhancing digestibility by rumen
bacteria, while also supplying essential nitrogen
for microbial growth.

Cavallini et al. (2023) observed that the
pattern of organic matter digestibility in
treatment rations is similar to that of dry matter
digestibility. Andayani (2010) also pointed out
that organic matter digestibility corresponds
with dry matter digestibility since organic matter
is a component of dry matter. Similarly, Novita
et al. (2020) found that digestibility results for
dry matter and organic matter often align when
additives are used. This correlation occurs
because organic matter is a subset of dry matter;
thus, improvements in dry matter digestibility

generally lead to increased organic matter
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digestibility, and vice versa, as noted by Morales
et al. (2021).

Crude protein digestibility

Based on Table 1, the analysis of variance
indicates that the treatment
affected (P<0.05) crude protein digestibility in
vitro. Duncan's multiple range test revealed that
crude protein digestibility in TO differed
significantly from T1, T2, T3, and T4. Meanwhile,

T1 was not significantly different from T2 but

significantly

showed significant differences compared to T3
and T4. Additionally, T4 exhibited the highest
crude protein digestibility value. The high
protein digestibility at T4 is likely influenced by
variations in ammonia levels in palm fronds,
along with differences in the structural and fiber
composition of feed ingredients. Additionally,
urea ammonia can enhance the protein content
of the treated material. Structural differences
and increased protein content resulting from
ammoniation contribute to variations in crude
protein digestibility observed across treatments.

The increase in crude protein digestibility is
likely due to the effect of urea used in the
ammoniation process. Treatment with urea will
bonds of
lignohemicellulose in ammoniated palm leaves,

loosen the lignocellulose and

resulting in higher protein content and
increasing crude protein digestibility. These
findings support Andrade et al. (2020) stated
that urea ammonia not only facilitates the
breakdown of lignocellulose bonds to make it
more easily digested by rumen bacteria but also
increases the crude protein content to meet the
nitrogen requirements for bacterial growth.

Additionally, the improved protein digestibility

enhances the overall nutritional value of the
feed, making it more beneficial for the growth
and productivity of ruminant animals. By
increasing the availability of protein in the diet,
ammoniation  helps meet the protein
requirements of livestock, which is crucial for
optimal performance and health. This aligns with
broader research indicating that enhanced
protein digestibility from ammoniated feeds can
lead to better feed conversion rates and
increased weight gain in ruminants.

(2010)
ammoniation can enhance the protein content
in corn husks. Wahyono et al. (2019) added that

lower fiber fraction components require less

Andayani observed that urea

energy for microbial digestion, thereby
increasing digestibility. Chen et al (2020) noted
that using urea as an ammonia source in
ammoniation is an effective method to improve
feed quality by boosting dry matter and nitrogen
content, which enhances both digestibility and
dry matter consumption. Similarly, Fakhri et al.
(2024) highlighted that treating feeds with urea
or ammonia gas can improve waste feed quality
by increasing cell wall digestibility and protein

content.

NDF, ADF, and hemicellulose digestibility

NDF (Neutral Detergent Fiber) digestibility
shows how well the total fiber in feed is
digested. ADF (Acid Detergent Fiber) digestibility
focuses on the more resistant fiber, mainly
cellulose. Hemicellulose digestibility indicates
how well this specific type of fiber breaks down.
The digestibility values of NDF, ADF, and
hemicellulose of palm frond ammoniated can be
seen in Table 2.

Table 2. NDF, ADF, and hemicellulose of palm frond ammoniated

Parameters Dietary Treatment
TO T1 T2 T3 T4 SEM
NDF (%) 21.42 26.7° 31.8° 32.6¢ 33.5¢ 1.82
ADF (%) 17.52 21.5° 24 3¢ 24 .9¢ 24.9¢ 1.14
Hemicellulose (%) 22.7° 23.9° 30.9¢ 30.8¢ 34.3¢ 1.22

P-values marked by different superscript in the same row differ significantly (P<0.05) due to dietary treatment; no superscript
= not significantly difference (P>0.05). NDF — neutral detergent fiber; ADF — acid detergent fiber
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Neutral Detergent Fibre digestibility

Based on Table 2, the analysis results indicate
that the treatments significantly affect (P<0.05)
in vitro NDF digestibility. Duncan's range test
reveals that NDF digestibility in treatment TO
differs significantly from T1, T2, T3, and T4.
Treatment T1 also shows significant differences
from T2, T3, and T4. However, treatments T2, T3,
and T4 do not differ significantly from each
other. These differences are likely due to the
varying levels of ammoniated oil palm fronds
used in each treatment, as each feed ingredient
has a unique material structure and fiber
composition. Furthermore, ammoniation with
urea improves cell wall digestibility in the
treated material (oil palm fronds).

Differences in material structure and the
enhanced cell wall digestibility following
ammoniation contribute to increased NDF
digestibility
improvement in NDF digestibility is attributed to

across treatments. This
the effect of urea used in the ammoniation

process. Urea treatment helps to loosen
lignocellulosic and lignohemicellulosic bonds in
the oil palm fronds, which enhances cell wall
digestibility and subsequently increases NDF
digestibility. This is consistent with Adesogan et
al. (2019) findings, which state that urea
ammoniation of fibrous feeds not only facilitates
the breakdown of lignocellulosic bonds for
easier digestion by rumen bacteria but also
boosts the crude protein content of the feed to
meet the nitrogen needs for rumen bacterial
growth.

The ammonia treatment of palm frond fiber
enhances its degradation, making it more
susceptible to digestion by livestock enzymes
while also increasing its protein
content.Furthermore, Mudgal et al. (2018) notes
that urea ammoniation enhances the nutritional
Andayani (2009)

highlights that urea treatment affects corn husks

value of fibrous feeds.
by causing absorbed NH3 to alter cell wall
composition and structure, breaking bonds
between lignin, cellulose, and hemicellulose,

which changes the fiber component structures.
Adams et al. (2022) reported a significant
increase in NDF digestibility of ammoniated
bagasse, rising from 23.5% to 52.7%.

Acid Detergent Fibre digestibility

Based on Table 3, the variance analysis
results indicate that the treatments significantly
affect (P<0.05) in vitro ADF digestibility.
Duncan's range test reveals that ADF digestibility
in treatment TO differs significantly from T1, T2,
T3, and T4. Treatment T1 also significantly differs
from T2, T3, and T4. However, treatments T2, T3,
and T4 do not differ significantly from each
other. These differences are likely due to the
varying levels of ammoniated oil palm fronds
used in each treatment, as each feed ingredient
has a unique material structure and fiber
composition. Furthermore, urea ammoniation
can enhance the digestibility of the cell walls in
the treated material.

The variations in material structure and the
improved cell wall digestibility following
ammoniation contribute to increased ADF
digestibility in each  treatment. This
enhancement in ADF digestibility is likely due to
the urea used in the ammoniation process. Urea
treatment helps to loosen lignocellulosic and
lignohemicellulosic bonds in the oil palm fronds,
improving cell wall digestibility and thereby
increasing ADF digestibility. This is consistent
with Mohammadi et al. (2024), who assert that
urea ammoniation of fibrous feeds not only
facilitates the breakdown of lignocellulosic
bonds for easier digestion by rumen bacteria but
also boosts the crude protein content of the feed
to support the nitrogen needs for bacterial
growth.

Adesogan et al. (2019) highlights that the
process of urea ammoniation improves the
nutritional quality of fibrous feeds. Andayani
(2009) observes that urea treatment affects corn
husks by causing absorbed NHs; to modify cell
wall composition and structure, breaking the
bonds cellulose, and

between lignin,



Jul Andayani et al./Animal Production. 27 (1): 1-10, 2025
Accredited by Kemendikbudristek Dirjendiktiristek No 225/E/KPT/2022. E-ISSN 2541-5875

hemicellulose, which consequently alters the
fiber component structures. These changes in
cell wall composition and structure improve the
digestibility of fibrous feeds, making them more
efficient for ruminant animals. The increased
breakdown  of

lignin, cellulose, and

hemicellulose enhances the availability of
nutrients, thereby improving feed efficiency and

animal performance.

Hemicellulose digestibility

Based on Table 3, the analysis results indicate
that the treatments significantly affect (P<0.05)
in vitro hemicellulose digestibility. Duncan's
advanced range test reveals that hemicellulose
digestibility in treatment TO differs significantly
from T1, T2, T3, and T4. Treatment T1 also shows
significant differences from T2, T3, and T4.
T2 does not differ
significantly from T3 but does differ from T4,

However, treatment
while T3 significantly differs from T4. These
variations are likely due to the differing levels of
ammoniated oil palm fronds used in each
treatment. Additionally, urea ammoniation can
improve the digestibility of the cell walls in the
treated material.

The increase in hemicellulose digestibility is
likely due to ammoniation. The process of
ammoniating  with  urea loosens the
lignocellulosic and lignohemicellulosic bonds in
the oil
hemicellulose digestibility. This finding is
consistent with McDonald et al. (2022), who
assert that urea ammoniation not only facilitates

palm fronds, thereby enhancing

the breakdown of lignocellulosic and
lignohemicellulosic bonds for easier digestion by
rumen bacteria but also boosts the crude protein
content of the feed, supporting bacterial growth.
Additionally, Zhang et al. (2023) notes that urea
ammoniation improves the nutritional value of
fibrous feeds.

Additionally, hemicellulose digestibility is
influenced by the contents of NDF and ADF, as
hemicellulose is derived from the difference
these two

between components. The

digestibility of hemicellulose also relies on
rumen microbes. This is consistent with Nofrizal
et al. (2019), who explain that hemicellulose
content increases with higher cellulose levels
because hemicellulose is dependent on the
availability of NDF and ADF. Furthermore,
Sharkeret al. (2023) highlight that
microbes producing high levels of hemicellulase

rumen

enzymes are crucial for optimizing hemicellulose
digestion, as these enzymes play a key role in
hydrolyzing feed and providing energy.

Conclusions

This study concludes that the ammoniation
process improves the quality of oil palm fronds,
enhancing their digestibility in livestock feed. As
a result, ammoniated oil palm fronds can fully
replace forage in cattle diets, as ammoniation
fiber
lignocellulosic bonds, leading to better NDF,
ADF, and hemicellulose digestibility. Continuous

facilitates breakdown by disrupting

evaluation of its effectiveness and cost

considerations is essential for optimal feed
management.
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