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ABSTRACT

A mixture of legumes with grasses has been shown to improve silage's physical and nutritional qualities. This
study assessed the chemical composition and physical characteristics of Cynodon dactylon (CD) when mixed
with different proportions of Gliricidia sepium (GS). Chopped and wilted leaves of CD and GS were mixed in
the following combinations: P1: 0% GS + 78% CD; P2: 28% GS + 50% CD; P3: 39% GS + 39% CD; P4: 50%
GS + 28% CD; P5: 78% GS + 0% CD. Each combination is enriched with 10% rice bran (RB), 10% Corn Feed
(CF) and 2% molasses. A 750 g of the fresh materials were compressed into plastic jar silos and kept for 21 days.
The physical characteristics and the loss of chemical composition of the silage were analyzed descriptively. pH
value and the chemical composition data were subjected to analysis of variance (ANOVA) in a randomized
complete design with five replications. Considering all physical and chemical characteristics, GS and CD can be
combined as silage material. However, the study recommends including 28-39% GS (P2 and P3) as the most

suitable in response to pH value, color, aroma, texture, and presence of fungus.
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INTRODUCTION

South Kalimantan produces 584 tons of
beef, which makes up 76.34% of the overall meat
production on Kalimantan Island. The feed
supply must be strengthened through adequate
quality and quantity to achieve optimal
productivity. A possible solution is to conserve
forage through ensiling when there is high
availability to use it during times of scarcity
(Bueno et al., 2018). Cynodon dactylon (CD) or
Bermudagrass is a viable species for roughage
production in South Kalimantan. Fast-growing,
disease-resistant, with numerous leaves, and
highly palatable, CD is the preferred grass for
cattle (Chen et al., 2023). According to Arriola
et al. (2015), Cynodon species are often used for
ensiling instead of hay-making due to reduced
drying time. Avila et al. (2017) stated that milk
composition and production of Holstein cows can
be maintained by replacing CD hay with silage.
However, the wild CD has a significant
disadvantage as a fodder grass compared to a
mature commercial hybrid (Li et al., 2021).
Therefore, partially replacing poor roughage is
essential to rescuing livestock production (Hills
et al., 2015). According to Ahmed et al. (2018),
a high fibre and protein content in fodder trees
and shrubs could offer a solution for improving
the quality and availability of feeds in ruminants

that consume poor-quality roughage (Ahmed et
al., 2018).

Moreover, mixing grass and legumes for
high-quality forage production in terms of mixed
silage has become increasingly popular to solve
the imbalance of nutrients (Xue et al., 2020).
Depending on availability and ease of finding by
farmers, Gliricidia sepium (GS) or Gamal, a
tropical legume that is drought-tolerant and
grows well in tropical climates, can be used in
the ensiling process (Miralestari et al., 2021).
According to Santana et al. (2020), substituting
soybean meal with GS silage in sheep's diet
results in higher digestibility. Supplementing the
mature goat basal diet of maize stover with GS
improved the nutritional quality (Aregheore and
Perera, 2004). Similarly, Rusdy et al. (2020)
stated that the supplementation of GS in Panicum
maximum basal diets increases dry matter and
nutrient intake, digestibility, and nitrogen
retention. Thus, the CD combined with GS is
expected to be a solution for farmers in providing
forages that can be available throughout the year.
We hypothesize that adding GS simultaneously
with CD will enhance the silage's physical and
nutritional qualities. Thus, this study aimed to
evaluate the effects of adding GS to CD at
ensiling on the physical and nutritional quality of
silage produced after 21 days of storage.
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MATERIALS AND METHOD

Preparation of Fresh Forage

Gliricidia sepium (GS) and Cynodon
dactylon (CD) leaves were harvested from the
local area of the Pelaihari subdistrict district of
Tanah Laut, South Kalimantan. Rice bran, corn
feed, and molasses were purchased from local

Table 1. Chemical composition of fresh materials

feed stores. After being wilted for 24 hours at 24-
30°C, the fresh leaves were chopped to 2-5 cm.
After chopping, 200 g of fresh forage was dried
at 60°C for 48 h in duplicate. The dried material
was ground to pass a Imm screen and stored in
glass bottles at room temperature (28+3°C) for
chemical analysis (Table 1).

Component (%) Glm.czdza Cynodon Rice Bran Corn Feed Molasses
sepium dactylon
Dry Matter 20.9 31,8 89.31 87.05 70.56
Crude Protein 18.1 7.27 11.14 8.5 4.33
Crude Fiber 23.9 30.89 16.71 2.57 0.15
Ether Extract 5.28 1.42 7.43 4.25 1.20

Ensiling Process

As required, chopped GS and CD were
mixed with RB, CF, and molasses on a plastic
mat. After mixing, approximately 750 g of the
fresh materials were compressed into plastic
jar silos (1000 ml capacity), with five jars per

treatment. The jars fitted were sealed with
plastic lids and then maintained at room
temperature of 28-31°C. The silage treatments
and chemical compositions of each treatment
were as follows (Table 2).

Table 2. Silage formulations and chemical compositions of each treatment

Treatments (%)

Ingredients Pl P2 P3 P4 P5
Gliricidia sepium 0 28 39 50 78
Cynodon dactylon 78 50 39 28 0
Rice bran 10 10 10 10 10
Corn feed 10 10 10 10 10
Molasses 2 2 2 2 2
Chemical composition and pH of treatments
Dry matter (%) 91.04 90.05 89.77 90.03 88.95
Crude protein (%) 7.48 8.76 8.78 11.35 11.37
Ether extract (%) 0.14 0.09 2.87 3.94 4.52
Crude Fiber (%) 26.76 25.82 18.65 21.11 12.16
pH 5.52 5.56 5.74 5.94 6.10

Analysis of chemical composition

The chemical composition of the initial
materials and silage was analysed in the
Laboratory of Feed Technology, Politeknik
Negeri Tanah Laut. Before and after ensiling, A
200-g subsample from each treatment was placed
in a paper bag and oven-dried at 60°C for 48 h
for DM determination. Subsamples were ground
to pass a 1-mm screen in a Waring (8010S acc to
Thomas Scientific Cat. No 3390 D43) and were
later analyzed for pre-ensiling pH and chemical
composition. The pH was measured by weighing
1 g of the ensiled and silaged samples wet sample
into a 50-mL beaker, adding 10 mL of deionized
water, stirring, and then measuring using a La

Motte pH five plus. Proximate analysis was
conducted under the AOAC (2001). The
parameters observed were dry matter (DM),
crude protein (CP), ether extract (EE) and crude
fibre (CF). The change in chemical composition
was calculated by subtracting the post-ensiling
from the pre-ensiling amount of nutrient, dividing
it by the pre-ensiling amount and multiplying the
value by 100%.

Physical assessment of the silage

After 21 days, the silos were weighed,
opened, and the opening of the surface layer
contaminated with fungi was removed. pH
measurements of complete silage are done along
with other physical quality assessments such as
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color, aroma, texture and the presence of fungus.
The physical quality assessments were done
through sensory evaluation, and the results were
prepared based on the opinions of laboratory
students of the Feed Technology Study Program,
Politeknik Negeri Tanah Laut.

Statistical Analysis

The physical characteristics and the loss
of chemical composition of silage were analyzed
descriptively. The chemical composition data
were arranged in a Randomized Complete design
with three replications. After analysis of variance
(ANOVA) using the Statistical Analysis System
(SAS) program for Windows (Version 9.0, SAS
Institute Inc., Cary, NC, USA), the differences (p
< 0.05) between treatment means were compared
using Duncan’s New Multiple Range Test
(DMRT).

RESULT AND DISCUSSION

pH and Chemical Characteristics of Silage
pH

The chemical characteristics of silage are
shown in Table 3. The inclusion of GS
significantly (P<0.05) affected the pH of CD

silage. Treatment P1 and P5 exhibited the lowest
pH wvalues (3,76) and the highest (4.02).
Generally, this indicated that increased levels of
GS led to higher pH values. According to
Chaikong et al. (2016), compared to low CP
forages like grasses, high CP forages, such as
legumes, contain a higher buffering capacity. As
a result of lactic acid production during
fermentation, the pH of the silage is lower (3.76 -
4.02) compared to the pre-ensiling form (5.52-
6.10) (Figure 1). According to (Barboza et al.,
2023), bacteria, yeasts, and pathogens cannot
grow on surfaces with pH lower than 4.5.
Research by Goeser et al. (2015) found that the
pH range for grass-based silage stability is
generally 3.5 to 4.5, whereas legume silage
stability is 4.0 to 5.0. It indicates the optimal
fermentation process of CD in this experiment,
with or without the addition of GS. It could be
due to the addition of rice bran and molasses, a
common practice to enhance the quality of silage
(Sarker et al., 2018; Sudarman et al., 2016).
Sudarman et al. (2016) reported that compared to
the control group, cassava leaf silage with
additives (rice bran, molasses, and tapioca flour)
had lower pH values.

Table 3. Chemical composition of silage after 21 days of storage

Treatments Dry Organic Crude Ether Crude pH
Matter (%) Matter (%) Fiber (%) Extract (%)  Protein (%)
P1 90.53+1.232 83.79+1.032 20.58+2.452 2.33+1.48 8.59+0.95¢  3.76+0.03¢
P2 89.1442.97®  81.69+2.87° 16.11£1.87° 2.3840.80  11.57+2.09° 3.82+0.02°
P3 86.15+4.32b 76.73£3.69° 13.36+1.14¢ 3.45+£0.33 13.14+1.74%  3.94+0,01°
P4 89.96+2.01*  82.23+2.19° 15.75+1.84% 2.82+0.77 12.98+2.59%  3.90+0,01°
P5 90.31+£2.422 83.33+£2.132 10.27+1.894 2.84+2.03 15.25+1.46* 4.02+0,03°

P1: 0% GS + 78% CD + 10% RB + 10% CF+ 2% molasses; P2: 28% GS + 50% CD + 10% RB + 10% CF + 2%
molases; P3: 39% GS + 39% GS + 10% RB + 10% CF + 2% molases; P4: 50% GS + 28% CD + 10% RB + 10%
CF + 2% molasesP5: 78% GS + 0% CD + 10% RB + 10% CF + 2% molases.
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Figure 1. Changing pattern of pH values of different treatments
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Dry Matter and Organic Matter

Table 3 showed that the inclusion of GS
had a significant effect (P <0.05) on DM and
OM. Generally, the lowest DM and OM were
observed on P3 and on average, 21 days of
ensiling increased the dry and organic matter of
the silages, except for a slight loss of 1.5% in P5
(Figure 2 A and B). Corresponding with the pH
values indicates a good preservation of initial
materials by the anaerobic condition. According
to Ahmadi et al. (2019), the ensiled technique
preserves fruit and vegetable waste with minimal
dry matter and nutrient loss. During ensiling, the
crop should be preserved so that its nutritional
value remains as close as possible to its fresh
value (Gouvéa et al., 2020)

Crude Fiber

The inclusion of GS significantly
(P<0.05) affected the CF content of CD silage
(Table 3). Corresponding to pre-ensiling material
(Table 2), the lowest and highest CP content were
obtained in P5 and P1, respectively. Crude fiber
decreased by 10-37% in silage form compared to
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pre-ensiling (Figure 2. C). This result agreed with
Al Koaik et al. (2014), who reported that
fermentation of CD with rumen liquor reduced
CF by up to 27%. The cell wall structure is
changed during fermentation. By hydrolyzing
lignocellulose and lignohemicellulose,
microorganisms dissolve silica and lignin in fibre
feed ingredients and break down their bonds (Sio
et al., 2022).

Crude Protein

The inclusion of GS significantly
(P<0.05) affected the CP content of CD silage
(Table 3). The highest CP content was obtained
in P5, followed by P3, P4, P2, and P1. Generally,
according to the pre-ensiling material (Table 2),
silage with a more significant proportion of GS
had a higher crude protein content. Figure 2
showed that, on average, the CP content was
increased by 14-49% after 21 days of
fermentation. According to Barboza et al. (2023),
due to amino acid degradation during
fermentation, silage may have a higher CP
content due to high ammoniacal nitrogen.
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Figure 2. The change in Dry Matter (A), Organic Matter (B), Crude Fiber (C), and Crude Protein (D)

after 21 days of storage.
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Physical Characteristics of Silage
Table 4. The physical characteristic of silage is a combination of after 21 days of storage.

Variables Pl P2 P3 P4 P5
Color Brownish Brownish Brownish Brownish Brownish
Yellow Yellow Yellow Yellow yellow
Texture Relatively dry Relatively dry Relatively dry  Less dry Less dry
and coarse and coarse and coarse and a bit soft and a bit soft
Aroma Sweet acidic Sweet acidic Sweet acidic Acidic Acidic
Fungus None None None Few on surface Few on surface

P1: 0% GS + 78% CD + 10% RB + 10% CF+ 2% molasses; P2: 28% GS + 50% CD + 10% RB + 10% CF + 2%
molases; P3: 39% GS + 39% GS + 10% RB + 10% CF + 2% molases; P4: 50% GS + 28% CD + 10% RB + 10%

CF + 2% molases;P5: 78% GS + 0% CD + 10% RB + 10% CF + 2% molases

Color

Physical characteristics were evaluated to
determine the effect of GS inclusion in CD silage
during 21 days of storage. Silage containing 0-
78% 5GS (P1-P5) was brownish yellow.
According to (Tahuk et al., 2020), dark green to
brownish-yellow silage indicates normal ensilage
and is a good color indicator. Silage color is
influenced by the use of different based
ingredients (Tahuk et al., 2020) and the wilting
process (Hapsari et al., 2016). Forage also turns
light brownish due to molasses in the silage
mixture (Hapsari et al., 2016).

Texture and Aroma

The extent of palatability of silage was
possibly influenced by those materials' flavour,
aroma, and texture. In terms of texture and
aroma, none of the treatments showed any wet
texture or unpleasant odour. However, silages
containing 0-39% GS (P1-P3) had a drier texture
and sweeter aroma than 50-78% GS (P4-P5).
According to (Trisnadewi and Cakra, 2020), the
source of fibre used for silage production
determines the texture of the silage. In this
experiment, silage containing 50-78% GS (P4
and P%) tended to be softer than that of P1, P2,
and P3, probably due to the higher content of GS,
whose texture is softer than CD. According to
(Kung et al., 2018), because lactic acid is almost
odourless, well-fermented silages shouldn't have
a distinctively strong smell. Most silages,
however, tend to smell like vinegar because
acetic acid is formed by following lactic acid in
the highest concentration, which is very volatile.
The balance of sour and sweet aromas observed
in silage containing 0-39% GS (P1, P2, P3) might
indicate a better fermentation quality than P4 and
P5.

Fungus

The presence of fungus was slightly
observed in silages with GS inclusion up to 50%
(P4 and P5). Legumes often have a higher pH
than grass silages, and because of their more
remarkable buffering ability, they ensile more
slowly (Kung et al., 2018). These buffers
neutralize part of the silage acids as they are
created, decreasing the pH and increasing
undesired mould. Legumes cannot be ensiled
alone due to their high buffering capacity, low
water-soluble carbohydrates, and risk of butyric
acid formation.

CONCLUSION

Based on the results of the present study,
it can be concluded that the inclusion of 29-39%
Gliricidia sepium successfully enhanced the
chemical composition and physical
characteristics of Cynodon dactylon silage. Aside
from the acceptable pH, color, aroma, texture,
and the presence of fungus, the addition of
Gliricidia sepium was also found beneficial to
improve the protein content of the silage.
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