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Abstract

Efficient tropical ruminant production requires high-quality local forages, protein-rich tree foliage can complement
grasses to improve nutrient use. This study evaluated rumen fermentation and nitrogen retention of Kacang goats fed
elephant grass combined with Moringa, Indigofera, Leucaena or Gliricidia foliage. Four goats were allotted to four
dietary treatments in a 4 x4 Latin square, receiving diets with 70% elephant grass and 30% of one foliage. Rumen pH,
total volatile fatty acids (VFA) and ammonia-N (NHs-N) were measured immediately before the morning feeding (0 h)
and 6 h after feeding. At 6 h post-feeding, rumen pH ranged from 6.32 (Moringa) to 6.57 (Indigofera), total VFA from
55.9 to 64.3 mmol/L and NHs-N from 9.19 to 12.47 mg/dL. Indigofera and Gliricidia maintained higher rumen pH,
Indigofera increased total VFA, and Moringa reduced NHs-N from 12.86 to 9.19 mg/dL. Nitrogen retention ranged from
2.11 to 3.40 g/day and did not differ among treatments; all goats showed a positive nitrogen balance. Tropical foliage,
particularly Indigofera and Moringa, thus beneficially modulates rumen fermentation without compromising nitrogen
utilization in Kacang goats.

Key words: Kacang goat, rumen fermentation, nitrogen retention, Indigofera zollingeriana, Moringa oleifera.

INTRODUCTION generation. Goat farming is widely favored by
the community due to its ease of management,
The livestock subsector plays a strategic role in ~ rapid reproductive rate, and resistance to

the development of the agricultural sector, tropical climatic conditions. One of the most
particularly in strengthening food security commonly raised goat breeds in Indonesia is the
through the provision of animal protein, kacang goat, which is the first locally superior

community economic empowerment, and  breed developed in the country (Wahyuni et al.,
regional development stimulation (Saputra & 2016).

Widodo, 2016). Goats and sheep are classified  Feed is a crucial factor in supporting the
as small ruminants with significant potential for ~ productivity and maintenance of ruminants.
development in Indonesia as sources of animal ~ Forages constitute the primary component of
products such as meat and milk (Mazinani &  feed for ruminant livestock; thus, improving
Rude, 2020). Goat and sheep farming offers livestock productivity must be accompanied by
several advantages, including high adaptability =~ the availability of adequate forage in both
to the environment, relatively low capital quality and quantity. Commonly used forage
requirements, and ease of maintenance (Nair et feed originates from grasses growing in
al., 2018). The importance of goat production  pastures, grass fields, drylands, bunds, and
for milk and meat supply under smallholder  roadsides (Sari, 2016). In small ruminants,
conditions has been emphasised in studies on legume based feed ingredients and by products
local breeds, where milk yield and quality were have been shown to replace conventional protein
shown to depend strongly on the breeding and supplements without compromising
feeding system (Raducuta et al., 2015). Goats  performance, highlighting the potential of
are an important agricultural commodity locally available protein sources in diet
contributing to food supply and income formulation (Tefera et al., 2022). In general,
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forage feed can be classified into two groups,
namely grasses (Graminae) and legumes
(Leguminoseae). The main difference between
the two lies in their nutritional content, where
grasses typically have higher dry matter (DM)
and crude fiber content, while legumes contain
higher crude protein levels. Therefore, grasses
serve as a fiber source, whereas legumes act as a
protein source in the ruminant feeding system
(Infitria & Khalil, 2014).

Legumes are recognized as forage plants with
higher nutritional content, particularly in crude
protein (CP), compared to grasses. Additionally,
legumes possess potential as supporting crops in
soil rehabilitation programs (Fitriansa et al.,
2022). Legumes can be utilized as forage for
goats due to their high protein content and
abundant availability in tropical regions,
including Indonesia. Several commonly used
legume species for livestock feed include
moringa  (Moringa  oleifera), indigofera,
leucaena  (Leucaena leucocephala), and
gliricidia (Gliricidia sepium).

Rumen fermentation characteristics such as pH,
volatile fatty acid (VFA) concentration, and
ammonia (NHs) are key indicators in feed
management. Feed formulations that align with
the physiological needs of livestock ensure
survival and optimal performance (Purbowati et
al., 2014). Nitrogen retention reflects the
efficiency of protein utilization in the animal’s
body. If the nitrogen content in the ration meets
the animal’s requirement, there is no need for
tissue catabolism to compensate for nitrogen
loss during digestion (Mawar et al., 2019).
According to Suharti et al. (2020), a high
nitrogen retention value indicates good protein
quality in the ration and efficient utilization by
the animal. Rumen fermentation parameters
such as pH, volatile fatty acids (VFA), and
ammonia (NHs), along with nitrogen retention,
serve as key indicators of feed utilization and
protein efficiency in ruminants (Purbowati et al.,
2014; Mawar et al., 2019; Natsir et al., 2023).
This study employed the in vivo method to
evaluate feed digestibility by directly comparing
the nutrient content of consumed feed with the
feces produced. The advantage of the in vivo
method lies in its ability to accurately reflect the
biological and physiological processes
occurring in the digestive tract of livestock,
making the results highly representative of
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actual conditions. Furthermore, this method
enables comprehensive monitoring of animal
responses to the types of feed administered.
Nevertheless, the in vivo method has limitations,
such as a relatively longer duration, higher costs,
and the need for meticulous data collection and
animal handling during the observation period
(Somanjaya & Dani, 2017).

While the nutritional benefits of these forages
have been studied individually, limited research
has evaluated their combined effects with
elephant grass on both rumen fermentation and
nitrogen retention in Kacang goats. The
potential synergistic or differential impacts
among species under uniform experimental
conditions remain unclear.

Therefore, this study aimed to evaluate rumen
fermentation characteristics (pH, VFA, and
NHs) and nitrogen retention in Kacang goats fed
elephant grass combined with one of four
selected tropical forages: Moringa oleifera,
Indigofera zollingeriana, Leucaena
leucocephala, and Gliricidia sepium. This
approach is expected to identify combinations
that optimize nutrient utilization for sustainable
goat production.

MATERIALS AND METHODS

Ethical Approval and Study Location

All animal use procedures adhered to the
guidelines for the care and use of animals in
research and were approved by the Animal and
research Ethics Committee of the Veterinary
Teaching Hospital, Hasanuddin University,
Indonesia (Approval Number:
016/UN4.1.RSHUH/B/PP36/2025). The study
was conducted at the goat barn of the Ruminant
Nutrition Feed Test Unit, Faculty of Animal
Husbandry, Hasanuddin University.

Experimental Design and Feeding

A 4x4 Latin Square Design was necessitated by
the availability of only four experimental goats
and the need to test four dietary treatments. This
design controls for two major sources of
variation: it uses each animal as its own control,
minimizing inter-animal variability, and it
accounts for potential period effects. An
adaptation phase was included in each period to
mitigate carryover effects (Natsir, 2008),



thereby improving the precision of the treatment
comparisons.

A total of four Kacang goats with body weights
ranging from 14 to 26 kg were assigned to four
different treatments. Two types of forage were
combined in this study, consisting of grass
(elephant grass) at 70% and legumes (Moringa,
Indigofera, Leucaena, and gliricidia) at 30%.
The composition of the feed ingredients used
was as follows:

P1: 70% Elephant Grass + 30% Moringa

P2: 70% Elephant Grass + 30% Indigofera

P3: 70% Elephant Grass + 30% Leucaena

P4: 70% Elephant Grass + 30% gliricidia

Each treatment used one Kacang goat, with feed
administration rotated in each period. All four
goats were housed in the same pen, which was a
raised type pen with a length of 130 cm and a
width of 70 cm. The pen consisted of four
compartments, each occupied by one
experimental animal. Each compartment was
equipped with a feed trough measuring 70 cm in
length and 40 cm in width, and a drinking
container. Each pen compartment was also
equipped with a mesh installed on the floor to
separate feces and urine excreted by the animal.
The study was conducted over four periods, with
each period lasting ten days (five days for
adaptation and five days for observation and
data collection). Feed and water were provided
ad libitum, and feed refusals were weighed
every morning to determine intake. The
selection of goats was carried out randomly in
each treatment period.

Each treatment was randomly assigned for one
goat in each period, as presented in Table 1.

Table 1. Allotment of treatment according
to 4x4 Latin Square Design

Period Goat1 Goat2 Goat3 Goat 4
| P1 P2 P3 P4
1T P3 P4 P2 P1

I P2 Pl P4 P3
v P4 P3 P1 P2

Feeding of Experimental Diets

The diets used in the experiment were composed
of elephant grass and four types of legumes.
Fresh elephant grass was sourced from the
forage plot of the Faculty of Animal Science,
Hasanuddin University. The elephant grass,
consisting of both stems and leaves, was

chopped into 5-10 cm pieces before being
weighed and combined with legumes in
proportions according to the treatments. The
legumes were wilted and detached from their
stalks prior to being offered. Each goat was
provided with feed equivalent to about 10% of
its body weight in fresh matter. Goat 1 received
1,029 g of elephant grass + 729 g of legumes,
goat 2 was supplied with 913.5 g of elephant
grass + 547 g of legumes, goat 3 was given 1,636
g of elephant grass + 921 g of legumes, and goat
4 obtained 1,533.5 g of elephant grass + 450 g
of legumes. Feeding was conducted twice a day,
in the morning and evening. Drinking water for
the goats was made available at all times.

Sample Collection

The first stage involved harvesting fresh forage
from the Faculty of Animal Science,
Hasanuddin University. The leaves and stems
were then chopped into 5-10 cm segments. The
material was wilted prior to feeding, with each
ration weighed according to the treatment and
the animal’s requirements. Total fecal collection
was conducted over five days, using green mesh
nets placed beneath the metabolic cages to
collect feces continuously for 24 hours each day.
Feces from each goat were weighed to
determine fresh weight, sun dried, and
reweighed to obtain dry matter. Fecal samples
from each goat were homogenized over the five
day period. A 10% subsample was taken, placed
in bags, oven dried, ground into powder, and
analyzed for digestibility. Goats were adapted to
metabolic cages for 3-5 days prior to data
collection to minimize stress. Metabolic cages
were designed to separate feces and urine
effectively. Urine was directed to a collection
container through a sloped channel, using a
stainless steel or plastic funnel placed under the
urine outlet and connected to a collector tube or
jerry can. At the beginning of each 24 h
collection, concentrated sulfuric acid (H2SO.)
was added to the urine collector at an initial rate
of approximately 10 mL per liter of expected
urine volume. When necessary, additional acid
was added during the day to maintain urine pH
below 3, so that the total volume of acid used
ranged from 10 to 50 mL per liter of collected
urine, ensuring effective preservation of urinary
nitrogen as recommended in nitrogen balance
studies (Abo-Donia et al.,, 2014; Pen et al.,



2007). Daily urine volume was measured, and a
10% subsample was taken for laboratory
analysis (total nitrogen, urea, creatinine).

Sampling was conducted twice on the last day of
each research period, namely before treatment
(0 hours) and after treatment (6 hours). Rumen
fluid samples were collected at 0 hours to
determine the initial condition of the rumen or to
serve as a control prior to the influence of the
feed or treatment administered. Sampling at 6
hours post treatment aimed to capture the peak
or dynamic changes in fermentation products
and microbial activity in response to the
treatment. Rumen fluid samples were collected
using the Stomach Tube system, employing a
vacuum pump at the end of the experiment or the
final day of the collection phase in each period.

Parameters Analysis

Rumen fermentation fluid samples collected
were measured for pH using a pH meter, then
filtered through four layers of cheesecloth (filter
cloth), and the clarified rumen fluid was
transferred into test tubes, stored in a thermos
filled with ice cubes, and subsequently
preserved in a freezer. Rumen ammonia was
measured using the Microdiffusion Conway
method, and VFA was determined using the
Steam Distillation method (Masterson, 2014).
To determine how much nitrogen is consumed
by animals. Feed samples are taken from the
given ration. The method used is the Kjeldahl
method, a classical method for measuring total
nitrogen. Samples are ground, digested with
sulfuric acid, distilled, and titrated. The result is
calculated as %N, then multiplied by the amount
of feed consumed to obtain total N intake. While
to determine nitrogen that is not absorbed, fecal
samples are collected over a certain period. The
analysis method is also usually Kjeldahl as
described above. The result is used to calculate
the amount of N excreted in the feces.
Meanwhile, nitrogen retention samples were
obtained by calculating the difference between
nitrogen intake and nitrogen excreted through
feces and urine (McDonald et al., 2011).

Nitrogen retention (g/day) = N intake — N
feces — N urine.

Data Analysis

In the Latin square ANOVA model, treatment
was considered the main effect, while goat and
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period were included as blocking factors to
account for animal to animal variation and time
(period)  effects.  Rumen  fermentation
parameters were analyzed using one-way
ANOVA. Treatments showing a significant
effect (p < 0.05) on the observed parameters
were further analyzed using the Least
Significant Difference (LSD) test. In addition, a
T-test was used to determine the significance of
differences between before (0 hours) and after (6
hours) treatment. Meanwhile, nitrogen retention
parameters were also analyzed using one-way
ANOVA (McCormick & Salcedo, 2017).

RESULTS AND DISCUSSIONS

Rumen Fermentation characteristics

Table 2 presents the average pH, volatile fatty
acid (VFA) concentration, and ammonia-N
(NHs) levels in rumen fluid of goats fed different
treatments. Rumen pH values decreased
significantly (P < 0.05) at 6 hours post feeding
in all treatments compared to 0 hours. Among
treatments, P2 (Indigofera) maintained the
highest post feeding pH, while P1 (Moringa)
showed the lowest value.

Rumen pH

Analysis revealed significant differences in pH
among treatments at 6 hours post feeding,
particularly between P2 and P4, P4 and P3, and
P3 and P1. No significant differences were
observed at 0 hours. Across all treatments,
rumen pH significantly declined from 0 to 6
hours, indicating active microbial fermentation
after feeding.

The inclusion of P1 (Moringa) reduced rumen
pH from 6.80 to 6.32 (P=0.028). According to
Marhaeniyanto and Susanti (2014), such a
decline  indicates  enhanced  microbial
fermentation activity, where increased VFA
production results in a more acidic rumen
environment. Moringa leaves are known to
contain polyphenolic compounds such as
tannins (9.19-9.36%) and flavonoids (3.56-
3.83%) Zahera et al. (2022), which exhibit
antimicrobial effects by inhibiting biofilm
formation, disrupting microbial membranes, and
neutralizing  toxins. These  mechanisms
contribute to lower microbial populations and
enhanced acidification, yet the pH remained



within the optimal range of 6.0-7.0 for rumen
microbial function.

P2 (Indigofera) also significantly decreased pH,
from 7.00 to 6.57 (P=0.003). This aligns with
Ginting et al. (2010), who reported that
Indigofera  inclusion,  particularly =~ when
combined with energy-rich concentrates, pushes
rumen pH toward the lower end of the optimal
range (6.2—7.2). The high fermentability and
protein content of Indigofera contribute to this
effect by promoting microbial proliferation and
organic acid production.

Similarly, P3 (Leucaena) supplementation
resulted in a significant pH drop from 6.87 to
6.35 (P=0.006). Qadarullah et al. (2018)
observed that increased Leucaena
concentrations are negatively correlated with
rumen pH. This relationship is attributed to its
high nitrogen and protein content, which
stimulates microbial metabolism and the
synthesis of organic acids during fermentation.
Nutrients such as carbon, nitrogen, vitamins,
and water abundant in Leucaena support
microbial growth and activity, accelerating the
fermentation process and further reducing pH.
P4 (Gliricidia) also showed a significant pH
decrease from 6.82 to 6.47 (P=0.046).
According to Ifani et al. (2020), Gliricidia
contains relatively high levels of crude protein,
which serve as a nitrogen source for microbial
growth. This supports microbial protein
synthesis and enhances the breakdown of
structural carbohydrates, thereby increasing
total VFA production and reducing pH.

Table 2 presents the average pH, volatile fatty
acid (VFA) concentration, and ammonia-N
(NHs) levels in rumen fluid of goats fed different
treatments. Rumen pH values decreased
significantly (P < 0.05) at 6 h post feeding in all
treatments compared with 0 h. At 6 h post
feeding, P2 (Indigofera) showed the highest pH
value and P1 (Moringa) the lowest, whereas the
smallest decline in pH between 0 and 6 h was
observed in P4 (Gliricidia; 6.82 to 6.47),
indicating that this treatment maintained the
most stable rumen pH. Mediated through
increased fermentative activity and secondary
plant compounds that modulate microbial
populations and activity.

Overall, Gliricidia (P4) maintained the most
stable rumen pH, with a decrease of only 0.35
pH units from 0 to 6 h, compared with —0.48,
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—0.43, and —0.52 units for Moringa (P1),
Indigofera  (P2), and Leucaena (P3),
respectively.

VFA (Volatile Fatty Acid)

Concentrations increased after feeding in all
treatments. Total VFA concentration increased
from 0 to 6 h post feeding in all dietary
treatments, with the greatest increase observed
in P2 (P= 0.034) (Indigofera). However, this
change was statistically significant (P < 0.05)
only for the Indigofera diet, whereas the
increases observed for the Moringa (P1),
Leucaena (P3) and Gliricidia (P4) diets were not
significant (P > 0.05). Thus, only the Indigofera
treatment had a significant effect on total VFA
concentration over time. While other treatments
showed no significant differences between 0 and
6 hours. The VFA concentration increased in all
treatments, although only P2 showed a
significant rise from 44.03 mmol/L to 61.88
mmol/L (P=0.034). This increase paralleled a
pH decline and supports Ginting et al. (2010),
who linked Indigofera based diets with
enhanced fermentability. P1 (Moringa) showed
a VFA rise from 47.60 mmol/L to 55.93 mmol/L
(P=0.286), although not statistically significant.
This pattern aligns with findings by Nisa et al.
(2017), attributing it to moringa’s high
carbohydrate degradability, which stimulates
VFA synthesis. Mariani and Suryani (2016)
noted that VFAs are major end products of
fermentation and directly influence rumen pH.
In P3 (Leucaena), VFA rose from 48.79 mmol/L
to 64.26 mmol/L, but the change was not
significant (P=0.254). Qadarullah et al. (2018)
similarly reported that Leucaena inclusion
enhances microbial fermentation, increasing
acid production, thus decreasing pH and
increasing VFA. For P4 (Gliricidia), VFA
increased from 35.69 mmol/L to 58.31 mmol/L
(P=0.118), attributed to enhanced microbial
protein synthesis due to protein rich forage Ifani
et al. (2020), which promotes carbohydrate
degradation and higher VFA output.

These results indicate that, among the evaluated
tree foliages, only Indigofera clearly stimulated
ruminal VFA production.

Ammonia-N
Concentrations significantly decreased (P
0.009) in P1 between 0 and 6 hours. Changes in



NHs concentration in P2, P3, and P4 were not
statistically significant (P > 0.05). In P1, NHs
concentration significantly declined from 12.86
mg/dL to 9.19 mg/dL (P=0.009), consistent with
Lestari et al. (2018), who suggested that
Moringa suppresses proteolytic microbes,
limiting  excessive  protein  degradation.
Condensed tannins can form relatively stable
complexes with dietary proteins (Cahyani et al.,
2012), thereby reducing ruminal protein
degradation and preserving more amino acids
for post ruminal digestion. In contrast, P2
showed a slight, non significant increase in NHs
(from 12.34 mg/dL to 12.47 mg/dL; P=0.926).
Afzalani et al. (2021) reported similar findings
with Indigofera, which, despite its high protein,
is rapidly degraded in the rumen due to weak
microbial resistance, resulting in elevated NHs
levels. P3 showed a near significant NH;
decrease from 11.55 mg/dL to 9.84 mg/dL
(P=0.057). Suharti et al. (2020) noted that
Leucaena'’s tannin content binds proteins,
reducing their degradation and ammonia output.
For P4, NHs dropped from 12.34 mg/dL to 9.19
mg/dL (P=0.062), a non significant change.

This trend contrasts the reduction in ruminal
NHs reported by other studies using higher
levels of Gliricidia, but is consistent with the

complex role of different tannin types in tropical
forages. Condensed tannins (CT) and
hydrolysable tannins (HT) differ in their
chemistry and biological effects: CT have a high
affinity for proteins and form complexes that are
only partially dissociated at rumen pH, thereby
reducing proteolysis and NHs release and
increasing the proportion of dietary protein that
can reach the small intestine, whereas HT are
more soluble and their complexes are more
readily hydrolysed and may become detrimental
at high doses (Waghorn, 2008; Piluzza et al.,
2013; Besharati et al., 2022). Recent work on
tropical tannin rich plants shows that Gliricidia
leaves contain substantial amounts of protein
bound CT, with up to 93% of this fraction
disappearing during rumen incubation, and that
tannins from Gliricidia and Leucaena can
interfere with microbial colonisation and
nitrogen metabolism (Morgavi et al., 2022). In
contrast, the different forms of tannins in
Moringa leaves (total, condensed and
hydrolysable) have been reported to be
negligible (Karim et al., 2015), so the marked
reduction in NHs observed in the Moringa diet
in our study is more likely associated with other
phenolic compounds and reduced proteolytic
activity rather than a direct tannin effect.

Table 2. Average value of rumen fermentation characteristics according to the treatment

P ¢ Treatment
arameter Pl P2 P3 P4

pH
0 hour 6.8+0.28! 7.00+£0.14! 6.87+£0.22! 6.82+0.27'
6 hour 6.3240.17%2 6.57+0.0922 6.35+0.1252 6.47+0.50%2
Volatile Fatty Acid (mmol/L)
0 hour 47.60+3.88 44.03+11.24! 48.79+23.76 35.69+9.90
6 hour 55.93+13.67 61.88+6.732 64.26+6.14 58.31+£22.78
NH; (mg/dL)
0 hour 12.86+1.005! 12.344+1.51 11.25+0.85 12.34+2.20
6 hour 9.19+1.632 12.474+2.20 9.84+1.16 9.19+1.63

*b*Means in the same row for each parameter sharing different superscripts were significantly different (P<0.05). '*Means at the same column for each
parameter having different superscripts were significantly different (P<0.05). P1 =70% elephant grass + 30% moringa leaves, P2 = 70% elephant grass
+ 30% Indigofera leaves, P3 = 70% elephant grass + 30% Leucaena leaves, and P4 = 70% elephant grass + 30% Gliricidia leaves.

Table 3. Average for N intake, N feces, N urine, and N retention according to the treatment

Parameter Pl P2 P3 P4
N intake (g/day) 8.86+2.26 8.58+1.87 9.11+1.59 9.53+2.20
N feces (g/day) 2.66+£0.91 3.55+1.39 3.36+1.59 3.85+2.26
N urine (g/day) 3.15+1.11 2.19+1.01 3.64+1.59 2.27+0.77
Nitrogen retention (%) 3.04+2.36 2.83+1.78 2.11£1.99 3.40+2.71

P1=70% elephant grass + 30% moringa leaves, P2= 70% elephant grass + 30% indigofera leaves, P3= 70% elephant grass + 30% Leucaena leaves,

and P4= 70% elephant grass + 30% Gliricidia leaves.
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Nitrogen Retention

Table 3 shows nitrogen intake, fecal nitrogen,
urinary nitrogen, and nitrogen retention. The
absence of significant differences in nitrogen
intake, excretion and retention among
treatments is likely related to the similarity in
nutrient supply across the diets. All rations were
formulated to have comparable levels of crude
protein and energy, and the inclusion rate of tree
foliage was moderate (30% of the total diet),
which limited the magnitude of possible
treatment effects. In addition, all diets
maintened rumen fermentation within the
optimal pH range and supported a positive
nitrogen balance in the goats, suggesting that
they provided broadly equivalent nutritional
conditions. Under these circumstances, and
given the small number of animals in the 4x4
Latin square and the inherent biological
variation in intake and metabolism, the
statistical power to detect subtle differences
among treatments was limited; therefore,
numerical trends may not have reached
statistical significance. Despite variations in
numerical values, all treatments resulted in
positive nitrogen retention. Nitrogen retention
ranged from 2.11 g/day (P3) to 3.40 g/day (P4),
with all values indicating a positive balance,
although not significantly different (P > 0.05).
The lack of significance likely reflects similar
crude protein content across treatments:
Gliricidia (16-25%; Nurlaha et al., 2014),
Leucaena (21%; Yurmiaty, 2007), Indigofera
(33-36%; Nadir et al., 2022), and Moringa
(29.16%; Sukria et al., 2018). Tahuk et al.
(2008) emphasized that crude protein levels
influence nitrogen intake, which correlates with
higher microbial fermentation and organic
matter digestibility. Positive nitrogen retention
across all groups indicates that excreted nitrogen
(urine + feces) was lower than intake. This
reflects effective protein utilization, essential for
tissue development Wiryawan et al. (2017).
Higher  digestibility = enhances  nitrogen
absorption and retention Indrasari et al. (2016),
supporting better growth performance in small
ruminants.

CONCLUSIONS

Replacing 30% of elephant grass with protein-
rich tree foliage is a viable strategy to improve
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rumen function in Kacang goats. All tested
foliages (Moringa, Indigofera, Leucaena and
Gliricidia) maintained optimal rumen pH and
positive nitrogen balance. Indigofera was most
effective at stimulating fermentation, yielding
the highest total VFA concentration. Moringa
significantly reduced ruminal NHs-N without
compromising nitrogen retention, indicating
superior nitrogen utilization. For smallholder
farmers, supplementing elephant grass with
approximately 30% Indigofera or Moringa is
recommended to enhance both energy and
nitrogen efficiency in tropical goat production
systems.
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