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Abstract: This study aims to determine the digestibility value and
degradation rate of various types of swamp grass in Sacco in local
Pampangan buffalo in South Sumatra. The design used in the study
was a completely randomized design consisting of 6 treatments and
three replications. The treatments tested were six types of swamp
grass which were then coded for each treatment as follows:
Hymenachne Acutigluma (HA1), Hymenachne Amplexicaulis (HA2),
Oryza Rufipogon (OR), Rhynchospora Corymbose (RC), Eleocharis
Dulcis (ED) and Leersia Hexandra (LH). The observed variables in
this study were degradation rate and Analysis of fiber fraction content
in each grass includes Neutral Detergent Fiber (NDF), Acid Detergent
Fiber (ADF), Hemicellulose and Cellulose. The results showed that
ED grass had the highest total digestibility value for each fiber
fraction variable. The rate of degradation shows an interesting pattern
where Overall, the value of fractions a, b and ¢ for each observation
parameter showed a significant difference (P<0.05). Based on this
study, it can be concluded that ED grass has the best fiber digestibility
than other types of swamp grass and is very potential for buffalo
livestock due to its high degradation rate.
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Introduction

A feed is an essential component that is the key to
livestock cultivation, ruminants and other livestock.
Feed plays a vital role in livestock cultivation because
it affects growing, developing and producing.
Ruminants require large amounts of feed, mainly
forage. Forage is a staple feed that ruminants must
consume, which functions as a source of nutrition and
a source of fiber. Feed must be very concerned about
the availability of adequate forage, both quantity,
quality and the presence of limiting factors such as
lignin, which can reduce livestock productivity
(Oliveira et al., 2020). The availability of land
influences the availability of forage to produce forage.
Limited land for forage production due to the
conversion of land use to housing and industry has
reduced the production of forage as a sustainable
animal feed.
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Many swamps land in Indonesia have considerable
potential to provide forage for livestock and be a
solution to limited forage. The abundance of various
swamp grasses such as Kumpai (Hymenachne) and
legumes can be used as natural feed ingredients for
ruminants, especially swamp buffalo, where their
natural habitat is in swamp areas (Rostini and Jaelani,
2015). Some dominant vegetation types grow and
develop in swamplands. Between them like grass
Kumpai Tembaga (Hymenachne acutigluma), Kumpai
Minyak (Hymenachne amplexicaulis), Kumpai Padi
(Oryza  rufipogon),  Sendayan  (Rhynchospora
corymbose), Purun Tikus (Eleocharis dulcis), dan
Bento Rayap (Leersia hexandra).

This type of swampy forage is generally very
popular with ruminants. However, in its utilization,
ruminants use swampy forage as the main feed, namely
buffalo. Because the swampy forage grows and
develops during the rainy season with a high puddle of
water, so getting the forage livestock has to swim and
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dive in the swamp. In these circumstances, buffalo
livestock is very potential compared to other ruminants
because they have high suitability and adaptability in
the ecosystem or habitat. Furthermore, in addition to
these advantages, buffalo livestock also has other
benefits: Having rumen microbes dominated by these
higher fiber digesting microbes (Dadheech et al., 2018;
Ighal et al., 2018; Jaglan et al., 2019). because most
types of swampy forages contain a high fiber fraction,
so they require better digestibility than ruminants in
general (Fariani and Evitayani, 2008).

Based on the description above in this study, the
investigation was carried out on the digestibility values
and digestibility rates of several swamp forage types using
the in Sacco method. It is hoped that the information
obtained in this study can provide information on the
digestibility value and rate of swamp forage types so that
it can provide recommendations for the utilization of
various kinds of swamp forage.

Materials and Methods
Sample Collection and Processing

Grass samples were taken during the rainy season (March
2019) in the Pampangan Ogan Komering Ilir sub-district and
Banyuasin sub-district, South Sumatra. The swamp grass
samples taken included Kumpai Tembaga grass
(Hymenachne acutigluma), Kumpai Minyak (Hymenachne
amplexicaulis), Kumpai Padi (Oryza rufipogon), Sendayan
(Rhynchospora corymbose), Purun Tikus (Eleocharis dulcis)
and Termite Bento (Leersia hexandra). All grass types are
taken at the same age/stage, namely at the blooming stage,
dried in the hot sun, milled to a size of 1mm following the
filter requirements for nylon bags (Orskov et al., 1980). The
composition of the fiber fraction contained in each type of
grass can be seen in Table 1.

Experimental Design, Livestock and Diet

The design used in the study was a completely
randomized design consisting of 6 treatments and three
replications. The treatments tested were six types of

Table 1: Swamp grass fiber composition

swamp grass which were then coded for each treatment
as follows: Hymenachne Acutigluma (HA1),
Hymenachne Amplexicaulis (HA2), Oryza Rufipogon
(OR), Rhynchospora Corymbose (RC), Eleocharis
Dulcis (ED) and Leersia Hexandra (LH). Meanwhile,
the three replications were used to reflect the number
of samples and buffalo used in the Sacco experiment.
The buffalo used in this study were three female
buffalo two-year-old with an average weight of 200 kg.
The cattle are placed in a closed outdoor enclosure (3 m?)
equipped with a cannula. They are given food
consisting of odot grass that has been previously
harvested in the laboratory of the Sriwijaya University
experimental cage. Buffalo was fed ad libitum to odot
grass, trace minerals and water during the experiment.
This phase was carried out for two weeks before the
study was carried out.

Rumen Digestibility (in Sacco Technique)

The in Sacco method used in this study is based on
the ILCA manual book feed evaluation. It is using five
x 10 cm nylon bags with a porosity of 50£15. A total
of 3 grams of forage samples were weighed and placed
into a nylon bag that had previously been considered. Each
type of grass had three replications and was incubated for O,
6, 12, 24, 36 and 48 h in the buffalo rumen. So that in each
cannula, there are five pockets. The nylon bags have been
removed according to a predetermined time, are sorted
according to grass type, washed in running water and stored
at -20°C until all grass species have been incubated. After all
the grass has been successfully incubated, the stored samples
are thawed at 65°C until dry and then weighed.

Chemical Analysis and Calculations

Analysis of fiber fraction content in each grass
includes Neutral Detergent Fiber (NDF), Acid
Detergent Fiber (ADF), Hemicellulose, Cellulose and
Lignin based on the Van Soest (1988). The analysis
results are divided into two parts, namely before and
after the incubation period.

Type of forages
Fiber Fraction (%) HAL HA2 OR RC ED LH
NDF 74,9 68,8 57,4 64,6 84,8 77,9
ADF 40,9 40,0 28,9 36,4 70,9 419
Hemicellulose 34,0 28,7 28,5 28,2 13,8 36,0
cellulose 39,1 37,6 28,5 35,1 59,3 334
Lignin 1,80 2,42 8,55 1,35 1,63 1,73

Note: Neutral Detergent Fiber (NDF); Acid Detergent Fiber (ADF)
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The fiber fraction difference is assumed to be part of the
digested/lost fraction value during the incubation process.
As for the calculation of the loss in fiber fraction value
based on the ILCA method with the following formula:

(SWa—BW ) x DMa — (SWb — BW ) x DMb

Disappearance =
(SwaBW ) x DMa

Where:

SWa = Weight of the original sample + nylon bag

BW = Weight of empty nylon bag

SWb = Weight of the sample + nylon bag after incubation
DMa = Dry matter of feed sample

DMb = Dry matter of residue sample

The value in the formula used in dry matter is then
adjusted to the value of the fiber fraction used as the
research parameter. Furthermore, to calculate the fraction
degradation rate (kd) of NDF (kd-NDF), ADF (kd-ADF),
Hemicellulose (kd-H) and Cellulose (kd-C) were
calculated according to the calculation model @rskov and
McDonald (1979):

Y :a+b(1—e’“)

where, Y = degradability at time (f), a =
intercept/dissolved fraction, b = potentially degradable
fraction and c = rate of degradation of b. The Analysis was
performed using the curve fit program excel solver.

Data Analysis

Data were analyzed using a randomized block design;
if there is a difference between treatments, the Duncan
Multi Range Test (DNMRT) further test is carried out
(Steel and Torrie, 1980).

Results

Total Digestibility

The total digestibility values during the 6 - 48 h
incubation period obtained during the study using the
Orskov method can be seen in Table 2. Overall, the

Table 2: Digestibility of total swamp grass fiber fraction

study results showed significant differences between
treatments (P<0.05) on the digestibility values of NDF,
ADF, Hemicellulose and Cellulose. The highest
digestibility value in all observed parameters was
found in ED treatment, significantly different from
other treatments (P<0.05). At the NDF digestibility
value, the HA1 treatment had the lowest value and was
not different from the RC treatment (P>0.05).
However, it differed significantly from the LH
treatment (P<0.05). Furthermore, a significant
difference was shown in the OR treatment compared to
the LH treatment (P<0.05) but not different when
compared to the HA2 treatment (P>0.05). Almost the
same pattern was shown in the ADF digestibility value,
where the difference in the pattern only occurred in the
RC treatment, which was not significantly different
from the LH treatment (P>0.05) and the HAZ2
treatment, which showed a significant difference
compared to the OR treatment (P<0.05). Meanwhile,
hemicellulose values a different pattern was shown in
the RC treatment, where it had a higher value than the
HAl, HA2 and LH treatment (P<0.05) but did not
differ from the OR treatment (P>0.05). Furthermore,
the cellulose digestibility values showed a significant
difference in HA2 treatment compared to HA1 and LH
treatment (P<0.05) but not significantly different from
the OR and RC treatment (P>0.05).

Fiber Fraction Degradation Pattern

The analysis results show that the degradation pattern
in each fraction is dominated by different types of grass,
as shown in Table 3. In contrast, the description of the
degradation pattern based on the incubation time can be
seen in Fig. 1 - 4. Overall, the value of fractions a, b and
¢ for each observation parameter showed a significant
difference (P<0.05) infraction, reflecting the easily
dissolved fraction in feed ingredients. The observation of
NDF, ADF, hemicellulose and cellulose is dominated by
LH grass. In contrast, in infraction b, a degradation
potential/slow dissolution is dominated by OR grass.
However, the fraction c, which reflected the degradation
rate, the dominance was not found in LH or OR grass but
was found in ED grass.

Fiber fraction

Type of forages NDF ADF Hemicellulose Cellulose
Hymenachne Acutigluma (HA1) 41,672 41,342 42,082 40,032
Hymenachne Amplexicaulis (HA2) 54,70¢ 46,66° 58,71°¢ 48,28°¢
Oryza Rufipogon (OR) 53,66° 57,96¢ 60,59 46,38
Rhynchospora Corymbosa (RC) 42,482 43,002 64,009 47,42b¢
Eleocharis Dulcis (ED) 64,124 63,01¢ 66,61¢ 61,234
Leersia Hexandra (LH) 45,820 44,18° 47,710 44,220

Note: Neutral Detergent Fiber (NDF); Acid Detergent Fiber (ADF)
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Table 3: The rate of degradation of the swamp grass fiber fraction

Fiber fraction

Type of forage

(kd-NDF) a (%) b (%) ¢ (%/hour)
Hymenachne Acutigluma (HA1) 27,33° 27,332 0,08?
Hymenachne Amplexicaulis (HA2) 23,14° 39,00¢ 0,15
Oryza Rufipogon (OR) 18,642 54,91¢ 0,08?
Rhynchospora Corymbosa (RC) 18,74° 34,48° 0,09
Eleocharis Dulcis (ED) 31,90¢ 33,27 0,81°
Leersia Hexandra (LH) 30,22¢ 31,26° 0,08
kd-ADF

Hymenachne Acutigluma (HA1) 32,23¢ 32,23% 0,05?
Hymenachne Amplexicaulis (HA2) 22,017 35,82¢ 0,10?
Oryza Rufipogon (OR) 19,472 62,13¢ 0,072
Rhynchospora Corymbosa (RC) 27,07° 29,47° 0,08?
Eleocharis Dulcis (ED) 31,48° 32,79 0,94°
Leersia Hexandra (LH) 37,98¢ 23,40° 0,07®
kd-Hemicellulose

Hymenachne Acutigluma (HA1) 24,79° 24,79° 0,13®
Hymenachne Amplexicaulis (HA2) 23,95%® 40,94° 0,18°
Oryza Rufipogon (OR) 19,93 66,681 0,06*
Rhynchospora Corymbosa (RC) 31,45¢ 34,49 0,35¢
Eleocharis Dulcis (ED) 33,89° 35,31 0,32°
Leersia Hexandra (LH) 38,60¢ 23,642 0,08?
kd-Cellulose

Hymenachne Acutigluma (HA1) 31,32¢ 31,32° 0,05
Hymenachne Amplexicaulis (HA2) 22,40° 36,42° 0,11
Oryza Rufipogon (OR) 18,752 53,10¢ 0,06
Rhynchospora Corymbosa (RC) 28,10° 30,76° 0,11
Eleocharis Dulcis (ED) 30,67 31,75° 1,30
Leersia Hexandra (LH) 38,00° 23,418 0,07

Note: Degradation rate/kinetic degredation (kd) of NDF (kd-NDF); ADF (kd-ADF), Hemicellulose (kd-Hemicellulose); and Cellulose (kd-Cellulose)
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Fig. 1: NDF degradation pattern based on incubation time
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Fig. 2: ADF degradation pattern based on incubation time

155



Armina Fariani et al. / American Journal of Animal and Veterinary Sciences 2021, 16 (3): 152.160

DOI: 10.3844/ajavsp.2021.152.160

Hemicellulose
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Fig. 3: Hemicellulose degradation pattern based on incubation time
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Fig. 4: Cellulose degradation pattern based on incubation time

Discussion
Total Digestibility

The hemicellulose and cellulose content strongly was
influenced NDF and ADF in a treatment. This correlation
can occur because NDF and ADF’s main compositions
are structural carbohydrate compounds such as
hemicellulose and cellulose. NDF compounds have a
positive correlation with hemicellulose and ADF
compounds with cellulose. The analysis results on HAL,
HAZ2, OR, ED and LH treatments showed the same pattern
of the NDF and ADF digestibility values. This pattern
occurs because the increased digestibility of
hemicellulose and cellulose, affecting NDF and ADF as
the main constituents of fiber composition.

The results of the Analysis show that ED grass has the
highest NDF and ADF digestibility values compared to
other treatments. The high digestibility was thoughted to
be the result of high digested hemicellulose and cellulose.
This assumption can be proven by comparing the
digestibility values in each treatment. Drehmel et al.
(2018) reported the increasing the concentration of
hemicellulose could increase fiber digestibility. Thereby,
Ranathunga et al. (2019) reported no significant
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difference between low-fiber and high-fiber feeds on the
total apparent digestibility NDF and ADF.

Furthermore, the high digestibility of hemicellulose
and cellulose in the treated feed was thoughted closely
related to the fiber fraction composition in the feed
ingredients. Table 1 shows that ED grass has the highest
NDF and ADF composition than other treatments, where
the high composition is due to the high cellulose content.
The cellulose contained in feed ingredients is very good
for the development of microorganisms in the rumen.
After all, the higher the cellulose content causes an
excellent opportunity for feed to extend the residence time
in the rumen, which will impact microorganisms in the
rumen. It has a longer time to utilize and maximize
nutrients in the feed ingredients. According to Fariani
(1996), the cut period or harvest period’s difference will
significantly affect the fiber fraction’s composition and
digestibility during the in sacco process. The research
results that have been carried out on forages and
concentrates contained in the fiber show differences in the
rate and length of stay in the rumen due to the different
types/types of forage used (Kramer et al., 2013). This case
was proven again by Asizua et al. (2018) in a different
experiment, which reported that the type of forage and
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fiber strongly influences the length of stay of feed in the
rumen in the feed ingredients.

Also, ED grass’s anatomical structure has a cylindrical
and hollow stem inside the stem that resembles a tube and
contains cellulose in the stems and leaves of up to 40%
causes ED grass to be very easily digested (Sunardi et al.,
2017). Eleocharis Dulcis (ED) is a type of plant/forage
found in swamps in various countries and can be classified
as a legume crop because ED has tubers and is often
categorized as a type of vegetable in various countries
(Parretal., 1996; Ogle et al., 2001). Research on ED grass
has overgrown to date, but research is still focused on
using tubers and their use as feed for wild poultry, while
its use as ruminant animal feed is scarce.

The research results that have been carried out in the
last 20 years reveal that ED grass leaves are an auspicious
type of swampland vegetation to be used as a protein
source concentrate for ruminants because of the high
protein content and low fiber content (Pandey and
Srivastava, 1991). However, the ED grass contains higher
fiber fractions (NDF and ADF) compared to other
treatments. The high fraction in these treatments is
thought to be due to the high structural carbohydrate
fraction in ED grass. Thus, it causes a high total
digestibility in the treatment, where it can occur because
the cellulose fraction is the digestible fraction in the
rumen. Gharechahi et al. (2020) reported that the
composition of lignocellulose, or more specifically the
cellulose component, can significantly affect the
availability of microbes, resulting in changes in the
digestibility value of the forage. Furthermore, according
to the results of a research report regarding rumen fluid
testing of corn straw, it shows that changes in the
composition of fiber fractions in the form of
hemicellulose and cellulose in the pretreatment resulted in
significant changes to the quality of the resulting
fermentation (Li et al., 2017).

In this study, it was also found that Kumpai grass such
as HA2 and OR did not show a significant difference in
the total fiber fraction digestibility. However, it was
significantly different when compared to HAL grass. It
was suspected that the HA1 grass contains a higher dry
matter content than other treatments and causing the
percentage of lignin content very high, resulting in
decreased digestibility of hemicellulose and cellulose.
In their research, de Carvalho et al. (2017) reported that
feeding with different dry matter compositions on
several types of topical plants could affect the apparent
NDF digestibility value and total digestible nutrients.
Furthermore, in the experiment on the treatment of two
types of forage with different ages, there were very
significant differences in the digestibility of crude
protein, crude fiber and fiber fraction, including NDF
and ADF resulting from different dry matter content
(Sabia et al., 2015).
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Fiber Fraction Degradation Pattern

The incubation analysis results on several types of
swamp plantations showed the highest value of fraction a
was found in ED grass species. The high value of the
dissolved fraction is thought to be closely related to the
composition of the NDF content in the feed ingredients,
which can be seen from the lower the NDF content, which
will result in the lower fraction or fraction that is easily
dissolved in the feed ingredients. This result is similar to
that reported by + Fariani (1996), Who stated that the
different NDF content of various tropical forages could
affect the dissolved fraction due to the high cell walls
forage growth phase can influence changes in the
composition. Corea et al. (2020) reported that differences
in NDF and ADF content in vivo feeding experiments
showed significant differences between treatments.
Furthermore, fraction b or the slowed degradation, the
highest value was found in the OR grass treatment. The
high value of the fraction was thought to result from the
high lignin content contained in the feed ingredients.
Lignin, in general, can hinder the process of digestion of
feed in the rumen because it is difficult for microbes in the
rumen to break down structural carbohydrate compounds
contained in feed ingredients. Castro-Montoya and
Dickhoefer (2020) stated that various types of forages and
legumes found in tropical areas are complicated to digest
due to fibers’ presence that binds to nitrogen and lignin.

However, the value of fraction c or the degradation
rate of fraction b does not show the same correlation. The
highest value was found in the ED treatment, which was
thought to be due to the high content of cellulose and low
lignin content. Cellulose is a structural carbohydrate that
can be digested and binds with lignin in lignocellulosic
bonds. The lower the lignin content can weaken the bonds
contained in the feed ingredients. According to Nagler et al.
(2019) and Guo et al. (2019), the lignocellulose biomass
contained in feed ingredients is degraded very slowly, so
it requires additional treatment to improve digestibility,
including using the help of microorganisms.

The analysis results on each variable, including ADF,
hemicellulose and cellulose, showed the same pattern.
Overall, the highest fraction value was found in the LH
grass treatment. The high fiber fraction was related to the
content and digestibility of hemicellulose. In Table 1, it
can be seen that LH grass has the highest hemicellulose
content compared to other treatments. The hemicellulose
content has a significant role in ADF composition because
it was the largest polysaccharide compound in forage.
However, the value of cellulose contained in LH grass is
still deficient when compared to ED grass. However, the
magnitude of this value is part of the ADF and when
compared based on the part of the dry matter value, the
resulting value is not much different. Another study of
hemicellulose was conducted by Drehmel et al. (2018),
who reported that the increased hemicellulose
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concentration could increase the fiber fraction’s
digestibility in the feed.

The value of fraction b or fraction slowly dissolved
from the analysis results shows that the highest value is
dominated by grass OR on all observed variables. In this
case, the cause of the increase was still in the same pattern
of NDF digestibility, namely the high lignin content. The
high lignin content in forage is a limiting factor in the
sugar saccharification process (Oliveira et al., 2020).
Furthermore, the fraction ¢ or which reflects the
digestibility rate is still dominated by ED grass, which
proves that it is fast degrading even though it has a high
cellulose content. Therefore, in this study, it is assumed
that the material’s high digestibility rate is closely related
to the anatomical structure of plant cell walls and milling the
samples used during the research process. In its publication,
the in-Sacco digestibility of a feed ingredient can occur with
certain phenomena because it is very dependent on the
particle size and bag size used (D’Mello, 2000)

Figure 1 - 4 had been shown the observations of the
degradation rate of NDF, ADF, hemicellulose and
cellulose at the 6 h incubation period. Overall, ED grass
has the highest digestibility value than other treatments,
which then during the incubation period 12-48, the
available fiber fraction content has dissolved entirely.
There are no nutrients that can be digested so that the
graph tends to be flat without any increase. This case
was indicated a very high digestion rate in ED grass.
The high digestibility rate that occurs is thought to be
related to the cell wall structure and sample grinding
anatomy. However, the easily dissolved fraction’s
value is still dominated by LH grass. The high
composition of substances that dissolve quickly is due
to the high content of hemicellulose in the feed
ingredients. High hemicellulose concentrations can
affect fiber fraction digestibility in a feed ingredient
(Drehmel et al., 2018). Besides that, the role of high
fiber digesting bacteria activity in the buffalo rumen is
an external factor that causes high digestibility values
and rates in this study (Dadheech et al., 2018; Igbal et al.,
2018; Jaglan et al., 2019).

This result was different from other treatments. The
degradation rate in the 6 h incubation period only ranges
from 20-40%. It was increased with increasing incubation
time, especially in the OR grass treatment. The indicated
of the bag’s sample, when leaving the bag, is very slow so
that the microbes in the rumen have more extended
access to digest the fiber fraction in the feed
ingredients. According to Kamimura et al. (2019), an
experiment carried out on the digestion of
lignocellulose using microbial enzymes takes a long
time, which lasts between 10-100 days.
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Conclusion

Based on this study, it can be concluded that ED grass
has the best fiber digestibility than other types of swamp
grass and is very potential for buffalo livestock due to its
high degradation rate.
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