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goats contribute significantly to household income and serve as
1. INTRODUCTION an accessible source of animal protein and financial security. The
productivity of goats, however, is largely determined by the

1.1.  Research Background availability and quality of feed resources, particularly forages that
form the basis of their diet [1].

Goat production plays a vital role in sustaining the livelihoods of In smallholder systems, farmers typically depend on native

smallholder farmers and improving food security in tropical grasses and locally available leguminous tree forages such as

regions, including Lombok Island, Indonesia. In such systems,
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Leucaena leucocephala. These forages are well adapted to
tropical environments and are accessible year-round. For
instance, Leucaena leucocephala has been extensively cultivated
on the Lombok and Sumbawa islands, yet its utilisation is
predominantly confined to the production of cattle fodder [2; 3;
4]. The implementation of these as goat feed is not yet complete.
It is evident that other potential forage plants are readily available
and do not depend heavily on the season. These include Gliricidia
sepium, Tithonia diversifolia (Mexican sunflower) and
Artocarpus heterophyllus (jackfruit leaves), which are also
abundant.

Comprehensive evaluation of the nutrient composition and
digestibility characteristics of these forages is therefore crucial
for formulating balanced rations that meet the nutrient
requirements of animal and enhance feed efficiency. In-vitro
digestibility methods have been widely adopted as reliable and
cost-effective tools to estimate the potential degradability of
feedstuffs under simulated rumen conditions, reducing the need
for expensive in vivo trials [5]. Such techniques have been
successfully applied to assess forage species in various tropical
regions, revealing significant interspecific variability in crude
protein, fiber fractions, and dry matter digestibility [6].

Despite the abundance of diverse forage resources in
Lombok, there is a paucity of scientific data describing their
chemical composition and digestibility. Most existing studies on
tropical forages have been conducted in other regions, such as
West Africa and Latin America [7], where climatic and soil
conditions differ markedly from those in eastern Indonesia.
Therefore, localized evaluation of forage quality is essential to
provide a realistic basis for improving goat feeding strategies and
sustainable livestock productivity.

The present study was designed to characterize the proximate
composition and in-vitro digestibility of commonly used forages
for goats in Lombok Island. The findings are expected to generate
baseline data to support the formulation of efficient, low-cost, and
nutritionally balanced feeding strategies that optimize the use of
local feed resources under smallholder production systems.

1.2.  Research Objective

This research aimed to evaluate the nutritional composition and
in-vitro analysis of major forage species commonly utilized in
smallholder goat farming systems on Lombok Island, Indonesia,
and to identify forage species with the greatest potential to
improve rumen fermentation efficiency and nutrient utilization
for sustainable goat production.

2. MATERIALS AND METHODS

The study was conducted in Lombok Island, Indonesia. Samples
of common forages were collected from smallholder goat farms
across three regencies, i.e., East Lombok, Central Lombok, and
West Lombok. The selection of study sites and respondents was
carried out using a purposive sampling method, whereby
locations were intentionally chosen based on their relevance to
smallholder goat farming activities and the availability of diverse
forage resources commonly utilized by farmers. The laboratory
analyses were performed at the Animal Nutrition and Feed
Laboratory, Faculty of Animal Science, University of Mataram.
A total of eight forage species frequently used by goat farmers
were collected based on field surveys. Samples were collected at
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edible maturity, air-dried, and then oven-dried at 60 °C for 48 h
before being ground to pass a | mm sieve.

Chemical composition was determined according to AOAC
(2012) methods. The parameters analyzed included dry matter
(DM), organic matter (OM), ash content, crude protein (CP),
ether extract (EE), total digestible nutrient (TDN). furthermore,
crude fiber (CF), neutral detergent fiber (NDF), acid detergent
fiber (ADF), cellulose, hemicellulose and lignin were analyzed
according to Van Soest [8].

In-vitro dry matter digestibility (IVDMD) and in-vitro
organic matter digestibility (IVOMD) were determined using the
two-stage technique of Tilley and Terry [10], with slight
modifications. Rumen fluid was collected from freshly
slaughtered cattle at a local abattoir immediately after slaughter,
before exposure to air [11]. The fluid was filtered through four
layers of cheesecloth and maintained at 39°C under continuous
CO: flushing to preserve microbial viability. Each forage sample
(0.5 g) was incubated in a 100 mL fermentation flask containing
40 mL of buffered rumen fluid (McDougall’s buffer, 1:4 v/v). The
incubation was conducted for 48 hours at 39°C in a shaking
incubator. After fermentation, the contents were filtered, and the
residues were subjected to a 48-hour pepsin-HCI digestion to
determine [IVDMD and IVOMD values.

Subsequently, the incubation mixture was centrifuged at
3,000 rpm for 10 minutes to separate the supernatant. The
collected supernatant was analyzed for ammonia (NHs)
concentration using Gas Chromatography—Mass Spectrometry
(GC-MS) (Agilent 7890B GC coupled with a 5977A MSD).
Although colorimetric methods (e.g., the phenol-hypochlorite
assay) are commonly used for rumen ammonia determination,
GC-MS was selected in this study because of its higher analytical
sensitivity, specificity, and ability to minimize interference from
other nitrogen-containing compounds present in rumen fluid.
Before GC-MS analysis, the supernatant was derivatized using a
chloroform—methanol extraction protocol to isolate ammonia-
containing compounds and improve analytical performance. This
sample preparation approach has been reported as suitable for
complex biological matrices, including rumen fluid, by reducing
matrix effects and enhancing the reliability and reproducibility of
ammonia quantification. Quantification was performed using an
external calibration curve prepared from ammonium chloride
standards, and NHs concentration was expressed as mmol/L of
rumen fluid.

Data on chemical composition and in vitro digestibility were
subjected to descriptive statistical analyses, including mean and
standard deviation (mean + SD).

3. RESULT AND DISCUSSION

3.1.  Nutrient content of forage fed goat

Based on interviews in three districts on Lombok Island (East
Lombok, Central Lombok, and West Lombok), it was found that
the types of goat forage that are often given by farmers include
Terminalia catappa, Native grasses, Jatropha curcas, Artocarpus
heterophyllus, Hibiscus tiliaceus, Artocarpus heterophyllus,
Indigofera zollingeriana, and Leucaena leucocephala. The
nutrient composition of eight commonly used goat forages in
Lombok is presented in Table 1.

https://doi.org/10.29165/ajarcde.v10i3.1288
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Table 1. Nutrient content of forages fed goat

NT. VOL 10 (2026), No.3

No Forage Nutrient content (%)

DM oM ASH CP EE NFE TDN
1 Terminalia catappa 25.6+£0.45  94.2+0.44  5.76+0.44  22.3+0.04 1.58+0.01 48.7+1.16  64.7£1.21
2 Hibiscus tiliaceus 21.940.16  93.0+0.31 7.03+£0.31 22.940.05 7.04£0.02  41.2+0.81 68.8+0.83
3 Artocarpus heterophyllus 30.840.72  93.6+0.41 6.36+0.41 14.9+0.09  2.63+0.02  57.6+1.70  66.1£1.58
4 Indigofera zollingeriana 2694040  93.54£0.66  6.47+0.66  31.9+0.48  4.4240.04  46.3+1.28  82.2+0.42
5 Leucaena leucocephala 26.8+0.40 97.7£0.23 2.28+0.23 33.9+0.16 3.61+0.22 43.9+0.42 79.5+£0.72
6 Native grasses 19.4+0.60  91.7£0.36  8.32+0.36 12.9+0.28 1.14+0.03 51.8£1.02  54.1+0.54
7 Jatropha curcas 22.7+40.64  87.7£0.16 12.3+0.16  34.8+0.26  3.50£0.09  36.8+0.05  75.7+0.55
8 Lannea coromandelica 29.7+0.34 86.8+0.58 13.3+£0.58 18.9+0.19  2.56+0.16 55.8+0.31 71.7+0.82

DM: dry matter, OM: organic matter, CP: crude protein, EE: ether extract, NFE: nitrogen-free extract, TDN: total digestible

nutrient

The dry matter content varied considerably among species,
ranging from 19.4% in native grasses to 30.8% in A.
heterophyllus. Organic matter content was generally high across
all species, with values between 86.8% and 97.7%, indicating that
most of the tested forages are rich in organic constituents and
relatively low in mineral fractions.

Crude protein concentration showed substantial variation,
from 12.9% in native grasses to 39.9% in L. leucocephala.
Leguminous species such as /. zollingeriana and L. leucocephala
(31.9%) contained significantly higher CP content compared to
non-leguminous species. Ether extract content ranged from
1.14% in native grasses to 7.04% in H. tiliaceus, showing
differences in lipid accumulation among forages.

The nitrogen-free extract representing soluble carbohydrates,
ranged from 36.8% in J. curcas to 57.6% in A. heterophyllus.
Meanwhile, TDN values varied widely between species, with the
highest found in /. zollingeriana (82.2%) and the lowest in native
grasses (54.1%). These variations highlight the diverse nutritive
potential of locally available feed resources in Lombok Island.

The present study provides a holistic assessment of the
nutritional potential and in vitro digestibility of commonly used
forages for goats on Lombok Island. The results demonstrated
wide variation in nutrient composition, fiber fractions, and
digestibility, reflecting the inherent diversity of tropical forage
species. Such variation is consistent with previous findings across
tropical regions, where climatic factors, plant maturity, and
species-specific morphology play major roles in determining
forage quality [12].

Leguminous forages (L. leucocephala and I. zollingeriana)
exhibited superior chemical profiles with high CP and OM
contents and relatively low ash. The CP values of 31-40%
recorded here surpass the minimum 14% threshold required to
sustain rumen microbial activity in goats [1]. These findings align
with reports from Southeast Asia showing that L. Leucaena and
1. Zollingeriana are among the most protein-rich tropical
legumes, capable of enhancing nitrogen supply and microbial
efficiency in ruminant diets [13]. In contrast, non-leguminous
species such as A. heterophyllus, T. catappa, and H. tiliaceus
showed moderate to low CP values (<20%), typical of tree foliage
and native grasses in tropical ecosystems. These forages tend to
accumulate more fiber and secondary metabolites with plant
maturity, which limit ruminal degradability and nutrient release.
Moreover, the presence of secondary metabolites, which can
hinder digestion and reduce palatability, further affects its
digestibility [14].

3.2.  Crude fiber and fiber fraction content of forage

fed goat

The fiber composition and structural carbohydrate fractions of the
evaluated forages are depicted in Table 2. The crude fiber content
varied widely among species, ranging from 9.39% in Lannea
coromandelica to 25.9% in native grasses. Leguminous species
such as L. leucocephala (16.3%) and I zollingeriana (10.9%)
showed lower CF content compared to non-leguminous species
and grasses, indicating their higher potential digestibility.

Table 2. Crude fiber and their fraction content of forages fed goat

No Forage Nutrient content (%)

CF NDF ADF  Cellulose Hemicellulose Lignin
1 Terminalia catappa 21.740.76  29.840.83 26.7£0.25 25.140.55 3.01£0.37  4.40+0.26
2 Hibiscus tiliaceus 21.840.53 46.8+0.60 32.0+0.14 23.2+0.40 14.740.76  11.3+£0.25
3 Artocarpus heterophyllus 18.5£1.17 49.2+0.19 32.4+0.58 23.3+0.39 16.8+0.25 6.25+0.17
4 Indigofera zollingeriana 10.9+£0.09 19.8+0.17 14.14£0.65 10.4+0.21 5.77£0.36  4.41+0.35
5 Leucaena leucocephala 16.3£0.69 31.6+0.18 12.14£0.05 7.75+0.17 19.6£0.29  6.17+0.43
6 Native grasses 25.940.34 50.9+0.14 33.5+0.33 22.4+0.46 16.9+0.11 8.26+0.25
7 Jatropha curcas 12.6£0.46 20.2+0.36 15.240.38 14.6+0.55 4.89+0.79  3.49+0.22
8 Lannea coromandelica 9.39£0.10 42.1+0.02 26.5+0.23 1.43+0.36 15.6£0.08 22.4+0.45

CF: crude fiber, NDF: neutral detergent fiber, ADF: acid detergent fiber

The neutral detergent fiber content, which represents the total

component of digestible structural carbohydrates,

ranged

cell wall fraction, ranged from 19.8% in /. zollingeriana to 50.9%
in native grasses. Similarly, ADF representing the less digestible
fiber components, ranged from 12.1% in L. leucocephala to
33.5% in native grasses. The cellulose fraction an important

https://doi.org/10.29165/ajarcde.v10i3.1288

between 7.75% (L. leucocephala) and 25.1% (T. catappa),
whereas hemicellulose content was highest in L. leucocephala
(19.6%) and lowest in J. curcas (4.89%). The lignin fraction,
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associated with indigestible fiber, varied from 3.49% (J. curcas)
to 22.4% (L. coromandelica).

The fiber profile confirmed that leguminous species had
lower neutral detergent fiber (NDF) and acid detergent fiber
(ADF) contents than grasses and woody forages. The NDF range
(19.8-31.6%) for . zollingeriana and L. leucocephala suggests a
more digestible cell wall fraction, while native grasses exceeded
50%, indicating higher structural rigidity. High NDF and ADF
are negatively correlated with intake and digestibility, as
structural carbohydrates restrict microbial access to cellulose and
hemicellulose [6]. The lignin content also varied widely, with the
lowest levels in J. curcas and the highest in L. coromandelica.
Lignin is a critical determinant of forage digestibility; once
incorporated into the plant cell wall, it physically protects
polysaccharides from enzymatic breakdown [15,11]. Previous
studies confirm that a lignin level exceeding 10% substantially
reduces in-vitro degradability [16]. Thus, the moderate lignin
concentrations observed in L. leucocephala and 1. zollingeriana
(4-6%) explain their superior digestibility. Similarly, fresh
forages contain lignin, which limits feed digestibility. Lignin
binds with cellulose and hemicellulose to form lignocellulose and
lignohemicellulose complexes, making them difficult to be
degraded by rumen microbes [17]. However, the application of
feed technologies such as fermentation and ammoniation can
improve the digestibility of these forages by reducing their lignin
content [18,19].

3.3.  Rumen digestibility and rumen ammonia produce

of selected forages

The observed IVDMD and IVOMD values closely reflected the
chemical composition and structural characteristics of each
forage. Leucaena leucocephala exhibited the highest digestibility
because of its high crude protein concentration and relatively low
neutral detergent fiber (NDF), providing an optimal substrate for
rumen microbial growth and enzymatic degradation. Likewise,
Indigofera zollingeriana showed high digestibility, confirming
the superior feeding value of tropical legumes reported in
previous studies [1,13].
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In contrast, native grasses exhibited lower digestibility than
the leguminous forages, mainly because of their higher cell wall
content (NDF and ADF), greater lignification, and lower crude
protein concentration. These characteristics restrict microbial
attachment and reduce the accessibility of cellulolytic enzymes to
structural carbohydrates, thereby limiting fiber degradation in the
rumen. In tropical environments, native grasses also mature
rapidly during the dry season, resulting in increased lignin
deposition and reduced digestibility [1,6].

The very low digestibility observed in Terminalia catappa
and Hibiscus tiliaceus is likely associated not only with their high
fiber and lignin contents but also with the presence of secondary
metabolites, particularly condensed tannins and other phenolic
compounds. Condensed tannins readily form complexes with
dietary proteins, carbohydrates, and microbial enzymes, thereby
reducing microbial colonization, suppressing fibrolytic bacterial
activity, and decreasing nutrient degradation during rumen
fermentation [20-22]. A meta-analysis by Jayanegara et al. [23]
further demonstrated that increasing dietary tannin concentrations
significantly reduced in-vitro dry matter digestibility and altered
ruminal fermentation characteristics, although moderate tannin
concentrations may improve nitrogen utilization and reduce
Likewise, although  Artocarpus
heterophyllus and  Jatropha showed moderate
digestibility, the presence of anti-nutritional compounds—
including phenolic compounds in 4. heterophyllus leaves and
phorbol esters in J. curcas—may partially inhibit microbial
fermentation despite their moderate crude protein contents [24].
These findings indicate that forage digestibility is determined not
only by fiber composition but also by the concentration and
biological activity of secondary metabolites that influence rumen
microbial populations and fermentation efficiency.

Overall, the results demonstrate that both nutritional
composition and anti-nutritional factors determine the feeding
value of tropical forages. Therefore, forage selection for goat
production should consider not only crude protein and fiber
contents but also the presence of secondary metabolites that may
influence rumen fermentation and nutrient utilization.

methane  production.

curcas
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The rumen ammonia concentration of the in vitro-fermented
forages is shown in Figure 2. Values ranged from 4.6 mmol/L in
native grasses to 11 mmol/L in I zollingeriana. High ammonia
concentrations were also observed in A. heterophyllus (10.3
mmol/L) and J. curcas (10.3 mmol/L), while lower values were
found in 7. catappa (5.0 mmol/L) and H. tiliaceus (6.0 mmol/L).

Leucaena leucocephala recorded an ammonia concentration of
9.40 mmol/L, while L. coromandelica reached 6.6 mmol/L.
Overall, the forages with higher crude protein content tended to
produce higher rumen ammonia concentrations during in-vitro
incubation.
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Fig. 2. Rumen ammonia concentration from in-vitro forages fed goat

The rumen ammonia (NHs-N) concentrations paralleled the
protein content and degradability of the evaluated forages. The
highest NHs-N concentrations were recorded for Indigofera
zollingeriana (11.0 mmol/L) and Leucaena leucocephala (9.4
mmol/L), both of which fall within the optimal range (8—12
mmol/L) required to maximize microbial protein synthesis and
fiber digestion [7,25]. These values indicate that the protein
fractions of these legumes were readily degraded in the rumen,
providing sufficient nitrogen to support the growth and activity of
cellulolytic microorganisms. Adequate ammonia
availability is essential because ammonia serves as the primary
nitrogen source for many fibrolytic bacteria, thereby enhancing
microbial protein synthesis and improving the degradation of
structural carbohydrates [8,25,26].

In contrast, lower NHs-N concentrations (<6 mmol/L) were
observed in Terminalia catappa, Hibiscus tiliaceus, and native
grasses, indicating limited protein degradation and nitrogen
release. This response is closely associated with their lower crude
protein contents and higher concentrations of structural
carbohydrates (NDF and ADF), which reduce the accessibility of
plant tissues to rumen microorganisms. Furthermore, the
presence of lignin and secondary metabolites, particularly
condensed tannins in several tree forages, may further restrict
ruminal protein degradation by forming stable tannin—protein
complexes that reduce nitrogen availability for microbial
fermentation [20-22]. Similar responses have been reported in
goats consuming mature tropical grasses, where insufficient
ruminal ammonia limits microbial growth, decreases fiber
digestion, and ultimately reduces feed conversion efficiency [1].

ruminal

https://doi.org/10.29165/ajarcde.v10i3.1288

Although high ruminal NHs-N concentrations generally
reflect greater protein degradation, efficient utilization of
ammonia also depends on the synchronization between nitrogen
release and the availability of fermentable energy. When
sufficient fermentable carbohydrates are available, rumen
microorganisms rapidly assimilate ammonia into microbial
protein, thereby improving nitrogen utilization efficiency and
reducing nitrogen losses [26,27]. Conversely, inadequate energy
supply or excessive protein degradation may result in ammonia
accumulation and increased nitrogen excretion [28]. Therefore,
the favorable NHs-N concentrations observed in L. leucocephala
and I. zollingeriana, together with their superior digestibility,
suggest that these legumes provide a balanced supply of
degradable protein and fermentable substrates, making them
valuable protein supplements for improving rumen fermentation
and nutrient utilization in goats raised under tropical smallholder
production systems.

Collectively, the findings highlight that leguminous tree
forages such as L. leucocephala and I zollingeriana are
nutritionally superior, providing both high protein and energy
digestibility. Their incorporation into smallholder feeding
systems can significantly enhance rumen fermentation, nitrogen
retention, and overall animal productivity. Conversely, native
grasses and non-leguminous species, while abundant and easy to
obtain, require strategic supplementation with high-protein
sources to achieve balanced nutrient supply.

This study corroborates earlier work emphasizing the
complementary role of tropical legumes in improving low-quality
basal diets [29]. The integration of these findings provides a
strong foundation for developing sustainable, locally adapted
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feeding strategies in tropical goat production systems such as
those in Lombok-Indonesia.

4. CONCLUSION

Leguminous forages, particularly Leucaena leucocephala and
Indigofera zollingeriana, exhibited the highest nutritional quality
and digestibility, characterized by high crude protein contents
(31-40%), low fiber concentrations (NDF < 35%), and high in-
vitro digestibility (>60%). These species also produced optimal
rumen ammonia concentrations (9—11 mmol/L), indicating
efficient nitrogen utilization and favorable rumen fermentation.
In contrast, native grasses and other non-leguminous forages
contained higher fiber and lignin levels, resulting in lower
digestibility and reduced nitrogen availability. Based on these
findings, farmers and extension workers are encouraged to
formulate goat diets by combining protein-rich legumes,
especially L. leucocephala or 1. zollingeriana, with locally
available grasses to achieve a more balanced nutrient supply and
improve feed utilization. Such forage combinations represent a
practical, low-cost feeding strategy that can enhance rumen
function, increase feed efficiency, and ultimately improve goat
productivity in smallholder tropical production systems.
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