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Introduction

Sumedang 45363, West Java, Indonesia

ABSTRACT. This study was conducted to determine the effect of combining rice
bran and rice husk as a substitute ingredient in maize straw silage-based rations
on rumen fermentability. The study used a completely randomised design with
different proportions of rice husks as a factor. Rice husk was a replacement for
rice bran at levels of 0, 10, 20, 30, and 40% in a maize straw silage-based ration
(dry matter (DM)). The forage-to-concentrate ratio was 60:40. Measurements
included pH, ammonia, total volatile fatty acids, partial, methane and total gas
production, conducted after 24 h of incubation, while dry matter digestibility and
organic matter digestibility were measured after 48 h of incubation. Data were
analysed using one-way ANOVA. The results showed that incrementing rice
husk levels in the ration significantly reduced (P < 0.01) its quality. Fermentability,
digestibility, total gas and methane production decreased linearly (P < 0.01) with
increasing rice husk content. Our findings imply that the addition of rice husks
(DM basis) to the ration should not exceed 20%, or the substitution of rice bran
with rice husk should not exceed 50%.

testinal tract of ruminants is inhabited by microbes
that can digest crude fibre, enabling the extraction

One of the objectives of the integrated farming
system programme is to ensure the independence
of village farms. Farmers are encouraged to meet
animal feed needs using agricultural waste bio-
mass, thereby reducing energy losses and convert-
ing waste into valuable food products. Agricultural
waste biomass is increasingly being used to make
valuable products in a sustainable manner (Siwal
et al., 2021). Rice bran, rice husks, and maize straw
are examples of lignocellulosic biomass from agri-
cultural waste containing nutrients that can be uti-
lised by ruminants (Dhanya, 2022). The gastroin-

of essential nutrients for body maintenance, growth,
and reproduction, with protein and energy being
the primary nutrients. If nutrition is not balanced to
match specific production needs, the productivity of
the animal declines (Oghenesuvwe et al., 2024).
There is a high demand for rice bran as feed for
ruminants, and until now, its production has been
sufficient to meet these requirements. However, rice
bran is often mixed with other ingredients, most
commonly with rice husks. Both rice bran and rice
husks are used as mixing materials because they are
by-products of processing grain into rice, producing
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approximately 20% rice husks and 10% rice bran
as waste. Rice husks have a high lignin and silica
content, which can reduce nutrient quality, feed di-
gestibility, and livestock productivity. In addition,
adulteration of rice bran with rice husks is a known
issue (Rosani et al., 2024).

There s still little research on the use of rice husks
as feed for ruminants. However, some studies have
shown that rice husks have the potential to be applied
as animal feed and can be chemically processed to
increase their nutritional value (Rahat Naseer et al.,
2017). The effects of rice husks and rice bran, in
various forms, on rumen microbial fermentation
has been previously reported, e.g., rice husks in
the form of biochar (Van Dung et al., 2022), crude
rice bran, and rice husks (Fidriyanto et al., 2020),
ammoniated rice husks, or mushroomfermented rice
husks (Begna et al., 2019).

Although rice bran and rice husk have been
investigated by several researchers, there has been
no reports on their use in maize straw silage and
their effect on the fermentation process in the rumen
and performance of Garut sheep. The objective of
this study was to explore how adding rice bran and
rice husk to maize straw silage-based feed affected
rumen fermentation, digestion, and total gas and
methane emissions. The study forms the basis for
farmers and researchers regarding the use of rice
bran containing rice husks as a concentrate for
Garut sheep feed based on maize straw silage. We
anticipate that adding rice husk to rice bran can affect
the digestibility of the feed ration, underscoring the
necessity for determining the maximum allowable
limit of rice husk addition in maize straw silage-
based rations.

Material and methods

Sample preparation

An excellent local variety of Banowati rice,
obtained from the Sindanglaya regional rice factory
located in Sindangsari village, Sukasari District,
Sumedang Regency, was used to prepare rice bran
and rice husks. Maize straw used for silage was
derived from local sweet maize.

To prepare the silage, maize straw was laid out
for 2 days, then was chopped into 2—-3 cm frag-
ments using a shredder. Subsequently, it was fer-
mented in an airtight plastic drum. After 21 days,
the container was opened and approx. 1 000 g was
dried in the oven at 60 °C for 24 h as a sample for
grinding.

Using a disc mill, rice bran, rice husks, and
maize straw silage were ground separately until
they all pass through a mesh 30. The sample was
then filtered for 10 min using a sieve shaker. Rice
bran, rice husks, and silage maize straw were then
dried at 60 °C for 24 h. Next, samples of rice husks,
rice bran and corn straw silage were weighed ac-
cording to the treatment (the mixture was made as
much as 50 g). To ensure homogeneity, the samples
were stirred (Lacorte et al., 2012), and once uni-
formity of the texture and colour was attained, the
samples were transferred into a clean glass or stain-
less steel container. Any non-representative materi-
als, such as stones, wood chips or other plant debris
were removed to prevent contamination. Following
homogenisation, the material was stored in a sealed
container (Rosani et al., 2024).

Rumen fluid was collected from adult male
and female Garut sheep at the Jatinangor slaughter
house (RPH Jatinangor, Sumedang, Indonesia). The
rumen fluid was pre-filtered through a 3-layer gauze
to remove feed particles, and then transferred into
a heat-insulated container. In the laboratory, the ru-
men fluid from male and female sheep was filtered
again and combined. For the in vitro experiment,
the mixed rumen fluid was diluted with McDougall
buffer solution (Laboratory of Ruminant Livestock
Nutrition and Feed Chemistry, Bandung-Indonesia)
at a ratio of 1:4. The nutrient content of rice bran,
rice husk, and maize straw silage was determined
using proximate analysis (Table 1).

Table 1. Nutrient content of rice bran, rice husk, and maize straw
silage based on proximate analysis, %

Nutrients Rice bran  Rice husk  Maize straw silage
Dry matter 10 10 20.39

Crude protein 13.8 3.8 14.16

Crude fibre 11.6 43.3 27.16

Ether extract 14.1 1.5 3.62

Ash 11.6 19.7 10.48

Nitrogen free extract 81 31.7 4458

TDN (energy) 86.97 43.08 53.75

Lignin 3.84 19.57 4.6*

Silica 0.71* 34* 20.97*

TDN - total digestible nutrient; *(Satter et al., 2014), **(Maftu'ah and
Nursyamsi, 2015)

Experimental design

The research was carried out at the Laboratory
of Ruminant Livestock Nutrition and Feed Chem-
istry, Faculty of Animal Husbandry, Padjadjaran
University.
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The study employed a complete randomised
design (CRD) to investigate the effect of rice husks
on pH, ammonia, total volatile fatty acids (VFA),
partial VFA, dry matter digestibility (DMD), organic
matter digestibility , total gas, and methane content
in an in vitro settings. The experiment included six
replicates for each treatment, with five different
levels of rice husks added to the maize straw silage-
based ration (Table 2).

Table 2. Diet composition, %

) Treatments
Ingredients
RHO  RH1 RH2 RH3 RH4
Rice bran 40 30 20 10 0
Rice husk 0 10 20 30 40

Maize straw silage 60 60 60 60 60

Inoculum preparation and incubation

In vitro assays were carried using two methods:
in vitro ruminal fermentation for assessing
fermentability, digestibility, gas production and
in vitro ruminal fermentation (Yanza et al., 2018).

In vitro ruminal fermentation:
gas production

Rumen fluid was mixed in equal proportion,
filtered through four-layered cheesecloth, and
promptly transported to the laboratory. Samples
from each treatment were added to serum bottles
in 0.5 g weighted amounts. Then, 50 ml of rumen
McDougall buffer (Laboratory of Ruminant
Livestock Nutrition and Feed Chemistry, Bandung-
Indonesia) solution (1:4 v/v) was purged with
oxygen-free CO, and added to each bottle. Serum
bottles were sealed with a butyl rubber stopper
and an aluminium crimp seal, and transferred to an
incubator at 39 °C. Gas production was measured
at 2, 4, 6, 8, 10, 12, and 24 h of incubation. Gas
samples were collected using a syringe for methane
analysis (Yanza et al., 2018).

In vitro ruminal fermentation:
fermentability and digestibility

The same procedure was followed to measure
fermentability and digestibility. After 24 h of incu-
bation, samples were taken for parameter measure-
ments (Yanza et al., 2018).

Ammonia, VFA concentration, pH, and fatty
acid profile analysis

Rumen fluid pH was measured using a pH meter,
and ammonia concentration was determined using

the Conway microdiffusion technique. Partial VFA
analysis was conducted using gas chromatography
(Bruker SCION 436-GC, SCION Instruments,
Munich-German) at the Poultry and Miscellaneous
Livestock Instrument Standard Testing Centre
(BPSI-UAT), Bogor, Indonesia (Yanza et al., 2018).

In vitro feed degradability measurement

Incubation was continued by mixing 50 ml of
pepsin-HCl (Merck, Darmstadt-Germany) with the
substrate (precipitate) collected after centrifugation.
Samples for determining DMD and organic matter
digestibility (OMD) were taken after a 48-h
incubation. Thereafter, the substrate was separated by
vacuum filtration using Whatman™ filter papers No.
41 (GE Healthcare UK Limited, Buckinghamshire,
UK). Dry matter (DM) and OMD were calculated
based on the amount of DM and organic matter (OM)
that disappeared from the initial weight put into the
tube (Yanza et al., 2018).

Total gas production and methane analysis

We measured the total amount of gas produced
every 2 h during 24 h. Methane content in the
total gas was analysed using a Shimadzu GC 14B
chromatograph (Shimadzu, Ennevelin-France) at
the Agricultural Environmental Instrument Standard
Testing Centre (BSIP) (Yanza et al., 2018).

Statistical analysis

All data were analysed using one-way ANOVA
and significant differences were further evaluated
using the Duncan test. Pearson correlation analysis
was performed to determine the effect of rice husks
on parameters under study. All recorded data were
analysed using IBM SPSS statistical software
(version 25).

Results and discussion

The study investigated the impact of substitut-
ing rice bran with rice husks in maize straw silage-
based rations on nutrient content, fermentability,
digestibility, as well as total gas and methane pro-
duction in laboratory settings. The addition of rice
husks, which are rich in crude fibre, particularly
lignin and silica, was expected to inhibit the diges-
tive processes in the rumen. The following sections
describe findings of our study.

Nutrient composition of the ration

The addition of rice husks can affect the nutrient
content of the ration, necessitating a detailed
evaluation through laboratory analysis. The ration
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is formulated to meet the nutritional needs of sheep
during the fattening growth period (Kearl, 1982).
Table 3 illustrates the impact of rice husk addition
on the nutrient content of each treated ration.
Variant RHO had a more optimal nutrient content
compared to variant RH4. We found that higher
levels of rice husks resulted in reduced crude
protein, crude fat, nitrogen-free extract, and TDN
contents, but increased crude fibre and ash contents.

Table 3. Nutrient content of diets, % dry matter basis

Nutrients Treatments
RHO RH1 RH2 RH3 RH4

Crude protein 14.02 13.02 12.02 11.02 10.02
Crude fibre 20.94 2411 2728 3045 33.62
Ether extract 7.81 6.55 529 403 277
Ash 10.93 1.74 1255 1336 14.17
Nitrogen free extract  59.15 5422 4929 4436 3943
TDN (energy) 67.04 6265 58.26 53.87 49.48
Lignin 4.30 587 744  9.02 10.59

TDN — total digestible nutrient; RHO — 40% rrice bran+0% rice husk+60%
maize straw silage, RH1 — 30% rice bran+10% rice husk+60% maize
straw silage, RH2 — 20% rice bran+20% rice husk+60% maize straw
silage, RH3 — 10% rice bran+30% rice husk+60% maize straw silage,
RH4 — 0% rice bran+40% rice husk+60% maize straw silage

Table 4. Effect of rice husks on fermentability, mM

bran contains 42-45% carbohydrates, 23-27%
fat, 12—14% protein, and 7-11% crude fibre. The
exact composition may depend on factors such as
the rice variety or efficiency of the milling system
(Fidriyanto et al., 2020; Sapwarobol et al., 2021;
Manzoor et al., 2023).

Rumen fermentation

Table 4 illustrates the impact of rice husks on
rumen fermentability. The rumen pH significantly
increased linearly (P < 0.01) with the addition of
rice husks, while the concentration of ammonia and
total volatile fatty acids (VFA) in the rumen fluid
showed the opposite trend (P < 0.01) compared to
group RHO. The concentrations of volatile fatty acids
(acetate, propionate, isobutyrate, and N-butyrate)
are affected by the rice husk. Statistical analysis
indicated that the addition of rice husks did not affect
the levels of iso-valeric acid, N-valeric acid, or the
acetic acid-to-propionic acid ratio, yielding values
that were not significantly different. Although not
significant, iso-valeric acid, N-valeric acid, and the
acetate-to-propionate ratio decreased linearly with
increasing proportions of rice husks in the ration.

Parameters RHO RH1 RH2 RH3 RH4 P-value Contrast linear
pH 6.92 7.12%® 7.23%® 7.42° 742 0.040 0.003
Ammonia 7.85¢ 6.75° 6.320 5.87° 4,02 0.000 0.000
VFA total 108.18° 78.78° 70.49° 57.43* 34.372 0.000 0.000
VFA profile
C2 (acetic acid) 53.22¢ 42.03> 38.44¢ 30.412 16.77° 0.000 0.000
C3 (propionic acid) 41.25¢ 25.69° 20.81% 17.43® 9.942 0.000 0.000
iC4 (iso-butyric acid) 219 1.72%® 1.62% 1.382 1.19° 0.039 0.002
nC4 (N-butyric acid) 7.97° 5.93® 5.85% 458 3.292 0.023 0.001
iC5 (iso-valeric acid) 1.56 1.29 1.30 1.18 0.95 0.131 0.013
nC5 (N-valeric acid) 0.55 0.45 0.48 0.40 0.30 0.113 0.013
acetic acid:propionic acid 1.43 1.68 1.99 2.05 1.94 0.737 0.240

VFA - volatile fatty acid; RHO — 40% rice bran+0% rice husk+60% maize straw silage, RH1 - 30% rice bran+10% rice husk+60% maize straw
silage, RH2 — 20% rice bran+20% rice husk+60% maize straw silage, RH3 — 10% rice bran+30% rice husk+60% maize straw silage, RH4 — 0%
rice bran+40% rice husk+60% maize straw silage; ®° means within a column with different superscripts are significantly different at P < 0.05

Similarly, other study showed that adding rice husks
to rice bran could alter the composition of crude
protein, nitrogen-free extract materials, and ether
extracts, while significantly raising the ash and
crude fibre content (Fidriyanto et al., 2020).

The differences in nutrient content of rations
are caused by the raw materials (and their origin)
of which the ration is composed, even if the
same ingredients are used. For example, rice

The ratio of acetate to propionate did not exhibit
a linear response (P > 0.05) with increasing
proportion of rice husks in the ration.

Ruminant animals require a stable rumen en-
vironment, and rumen pH, molar concentrations of
ammonia, and VFA are important indicators of this
stability, reflecting the state of rumen fermentation
processes (Tomczak et al., 2019). The content of
carbohydrates in the ration and the concentration of
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organic acids in the rumen determine the pH, and
consequently, the pH of the rumen fluid effectively
reflects the fermentation status of rumen microor-
ganisms.

In this study, rumen pH (Table 4) in all treat-
ments ranged from 6.92 to 7.42, which fell within
the normal range of rumen ecology (pH 6.2-7.0).
This indicates that increasing the level of rice husks
in the silage-based rations helped maintain an ap-
propriate pH level in the rumen. This process was
supported by maize straw, which provided favour-
able environmental conditions. These findings are
consistent with previous studies, which reported
pH values ranging from 6.50 to 6.67 (Kyawt et al.,
2024).

Our research showed that adding up to 40% rice
bran and rice husk to the feed as a concentrate was
safe for the rumen environment, as it did not lower
the pH, and ensured a conducive environment for
microbial growth and efficient nutrient absorption.
Previous research has demonstrated that high lev-
els of concentrates in ruminant diets often lead to
a decrease in rumen pH due to the accumulation of
VFAs produced by rumen microbial fermentation
(Zhang et al., 2017; Sun et al., 2018).

It has been established that pH is an important
determinant of ammonia absorption in the rumen
epithelium, with an increase in rumen pH enhanc-
ing the rate of ammonia absorption (Abdoun et al.,
2006). In this study, a decrease in rumen pH indicat-
ed reduced ammonia absorption through the rumen
epithelium. In addition, low rumen pH is unfavour-
able for rumen microbial fermentation, as it pre-
vents microorganisms from protein synthesis from
ammonia. This reduced microbial activity results in
lower ammonia utilisation, as evidenced by a lower
pH and total VFA concentration. The pH value of ru-
men fluid is significantly negatively correlated with
foam production and its persistence, and a lower pH
of foamy rumen, increases the risk of bloating. This
is consistent with a higher incidence of rumen bloat
observed with higher ratios of feed concentrates
(Tan et al., 2024). The application of a low-protein
diet is an effective strategy to prevent rumen bloat
(Tan et al., 2024).

In these tests, the rumen pH of the animals in
the intensive feeding group was lower than that in
the naturally grazed group. This could be attributed
to the higher intake of non-structural carbohydrates
by the intensively fed group, which were rapidly
fermented in the rumen, resulting in increased VFA
production. The ammonia concentration in the in-
tensively fed group was significantly higher com-

pared to the naturally grazing group, possibly due
to the high content of soluble protein, easily digest-
ible carbohydrates, and non-protein nitrogenous
substances in the concentrate, as well as the slow
degradation rate, which favours ammonia synthe-
sis. Other authors reported that an increase in fibre
content in dairy cows’ feed resulted in a decrease in
rumen fluid ammonia concentration, possibly due to
the presence of carbohydrate structures in fibre that
decreased ammonia production.

The rumen is a unique digestive organ of rumi-
nants that plays an important role in providing en-
ergy to the body. It hosts a diverse community of
microorganisms that decompose carbohydrates into
VFA (Tang et al., 2019). After feed consumption,
the rumen rapidly ferments the feed, resulting in the
production of VFA and ammonia. The concentration
and proportion of VFA in the rumen are primarily
influenced by feed composition (Sun et al., 2020).
Feeds high in fibre content contain high amounts of
cellulose and haemicellulose, while starches eas-
ily fermented and soluble sugars are present in low
amounts. Available sugars in these types of feeds are
mostly structural carbohydrates that are difficult to
ferment, resulting in low VFA production (He et al.,
2024).

In this study, ammonia levels decreased with in-
creasing proportion of rice husks in the ration. Spe-
cifically, ammonia concentration decreased from
7.85 mM to 4.02 mM, with an increase in rice husk
proportion from 0 to 40%. This reduction in ammo-
nia concentration in the rumen suggested that lignin
present in rice husks could inhibit the breakdown of
dietary proteins (Tang et al., 2019). The values ob-
tained in the present study were lower than those re-
ported in previous works, which obtained ammonia
concentrations ranging from 8.60 to 9.70 mM with
various levels of concentrate (Oghenesuvwe et al.,
2024). This may be attributed to variations in the
composition and quantity of the concentrate mate-
rials used. Nevertheless, ammonia concentration in
treatment RH2 was still within the normal range for
rumen ammonia levels, i.e. typically between 6 and
21 mM for optimal microbial protein synthesis.

Consistent with the trend in ammonia concen-
tration, VFA also decreased as the proportion of
rice husks in the ration increased. Total VFA levels
in this study ranged 34.37-108.18 mM, acetate
16.77-53.22 mM, propionate 9.94-41.25 mM,
and butyrate 4.48-10.16 mM. The addition of rice
husks up to 20% yielded a VFA concentration of
70.49 mMol, which was a normal value suitable
for rumen microorganisms. The typical range for
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effective  VFA production that supports rumen
microbial growth is between 70-150 mM and
70-130 mM. The decrease in VFA concentration
was most likely due to the utilisation of VFA by
microorganisms as a carbon source.

Previous studies reported total VFA concentra-
tions ranging from 55.40 to 78.30 mM, with acetic
acid between 29.00 and 41.00 mM, propionic acid
between 19.00 and 21.70 mM, and butyric acid also
between 19.00 and 21.70 mM (Oghenesuvwe et al.,
2024). Additionally, studies involving different
herbal extracts reported total VFA levels between
78 and 85.2 mM, acetate levels ranging from 57.8 to
61.6 mM, and propionate levels between 21.4 and
23.6 mM (Jo et al., 2022).

The acetate-to-propionate ratio is often used as
an indicator of feed quality and utilisation efficien-
cy in the rumen, with a lower A/P ratio suggesting
higher feed efficiency and greater glucose synthesis
in ruminants. In this study, although the A/P ratio
tended to increase with higher levels of rice husks
in the ration, the differences were not statistically
significant. This implies that rice husks did not con-
tribute to glucose production in livestock, which
was also consistent with the observed reductions in
ammonia and VFA contents at higher rice husk lev-
els. The A/P ratio observed in this study ranged from
1.43 to 1.94, which is considered acceptable, as an
efficient balance is indicated by a ratio below 3. Pre-
vious studies have reported A/P ratios ranging from
1.44 to 2.23 (Rathert-Williams et al., 2023) and
2.27 to 3.16 (Cattaneo et al., 2023).

Digestibility

Table 5 shows the impact of rice husks on DM
and OMD. The results indicate a significant decrease
(P <0.01) in both DM and OMD with increasing
levels of rice husks in the ration compared to the
control (RHO). Specificallyy, DMD ranged from
27.44% t0 52.74%, while OMD ranged from 38.92%
to 63.07%. These results were consistent with an
earlier in vitro study, which demonstrated that
adding rice husks to rice bran led to higher acetic
acid levels but reduced gas production potential,
gas production rate, and both DM and OMD
(Fidriyanto et al., 2020).

Table 5. Effect of rice husks on digestibility, %

The decrease in ration digestibility observed
with increasing levels of rice husks is attributed to
the higher crude fibre content, particularly lignin
and lignocellulose found in rice husks. Rice husks
have low digestibility due to their high fibre con-
tent and low protein content (Roba et al., 2022). The
digestibility value of rations with 10% (RH1) and
20% (RH2) rice husks can still be considered ac-
ceptable for ruminant livestock, as their digestibility
remained within the recommended range. However,
rations with 30% (RH3) and 40% (RH4) rice husks
were unsuitable for ruminant feeding due to inad-
equate digestibility. Previous research has indicated
that ruminant livestock requires feed with a mini-
mum digestibility value of 60%. If digestibility falls
between 40 and 60%, then urea treatment is neces-
sary, while if it is below 40%, it is typically utilised
as fuel or fertiliser (Preston, 1998). We recommend
that the addition of rice husk as a substitute for rice
bran should not exceed 50% (RH2), as its average
digestibility of dry matter and organic matter is
42.16%, provided that other high-quality feed ingre-
dients are included.

Figure 1 illustrates the regression pattern for
the relationship between rice husk levels and the
digestibility of DM and OM. The linear regression
analysis indicated that increased levels of rice husks
significantly reduced both types of digestibility.
For DMD, the regression equation was as follows:
y = -0.6534x + 51.886 with R* = 97.47%, which
meant that every 1% increase in rice husk content
decreased DMD by 0.65%. Likewise, the regression
equation is for OMD was: Y = -0.6279x + 62.174
with R2 = 96.19%. This indicated that every 1%

« organic matter digestibility
dry matter digestibility

y=-0,6279x + 62,174
R2=0,9619

=
= 40
2
2 30
2
S 5 y =-0,6534x + 51,886
R2=0,9747
10
0
0 10 20 30 40

rice husk, %

Figure 1. Relationship between digestibility and rice husk levels

Parameters RHO RH1 RH2 RH3 RH4 P-value Contrast linear
Dry matter digestibility 52.74° 45.76¢ 37.15¢ 31.01° 27.44° 0.000 0.000
Organic matter digestibility 63.07¢ 56.71¢ 47.16° 42.22° 38.922 0.000 0.000

RHO - 40% rice bran+0% rice husk+60% maize straw silage, RH1 — 30% rice bran+10% rice husk+60% maize straw silage, RH2 — 20% rice
bran+20% rice husk+60% maize straw silage, RH3 — 10% rice bran+30% rice husk+60% maize straw silage, RH4 — 0% rice bran+40% rice
husk+60% maize straw silage; ¢ means within a column with different superscripts are significantly different at P < 0.05
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increase in rice husk content reduced the digestibil-
ity of OM by 0.63%. Our findings demonstrate that
rice husks with a high content of lignin and silica,
which are not degradable by microbes, decrease the
ration’s digestibility by 0.65%. This result implies
that the use of rice husks in maize straw silage based
rations is limited. The findings were in line with
previous research showing that an increase of 1% in
the silica content of feed materials could decrease di-
gestibility by 2-3% in ruminants (Van Soest, 2018).
The effect of rice husks on DMD can vary de-
pending on specific factors, such as treatment, fer-
mentation, or animal species. Previous research
showed that sheep fed a feed based on treated or

Table 6. Effect of rice husks on gas production and methane content, ml

been well documented (Menke et al., 1979) and
is considered a reliable tool for feed evaluation.
Table 6 presents the in vitro gas production profile
after 24 h of incubation. The generation of total gas
and methane was significantly influenced (P <0.01)
by the levels of rice husks. There was a clear linear
decrease in both total gas and methane production
with increasing rice husk levels (P < 0.01). While
the rice husk levels significantly affected the
overall gas production potential (a+b), they did not
significantly influence the rate of gas production
over time (c).

Gas generation over 24 h ranged from 28.63
to 51.08 ml, with the highest production in the

Parameters RHO RH1 RH2 RH3 RH4 P-value Contrast linear
Total gas production 51.08¢ 44.80¢ 39.65¢ 33.78° 28.63° 0.000 0.000
ath 52.86° 45.36% 44.28%* 41.27% 28.86° 0.130 0.026
c 0.02 0.01 0.02 0.01 0.01 0.502 0.397
Methane content, ppm 18.161.34¢ 16.207.82" 14.017.75° 10.965.522 9.416.92° 0.000 0.000

a+b — potential gas production, ¢ — gas production rate; RHO — 40% rice bran+0% rice husk+60% maize straw silage, RH1 - 30% rice bran+10%
rice husk+60% maize straw silage, RH2 — 20% rice bran+20% rice husk+60% maize straw silage, RH3 — 10% rice bran+30% rice husk+60%
maize straw silage, RH4 — 0% rice bran+40% rice husk+60% maize straw silage; ** means within a column with different superscripts are sig-

nificantly different at P < 0.05

untreated rice husks had significantly higher intakes
of DM and OM, which indicated positive effects on
digestibility and growth performance (Roba et al.,
2022). Other studies, however, revealed that substi-
tuting rice husks with 10% rice bran could signifi-
cantly reduce DMD (Fidriyanto et al., 2020). In ad-
dition, the high fibre and lignin content of rice husks
makes them more difficult to digest, particularly
for monogastric animals. However, in ruminants,
microorganisms in the rumen can break down rice
husks, though this process may require extended di-
gestion time (Syafrudin et al., 2020).

Although rice husks have limited nutritional
value and low digestibility, several studies have ex-
plored methods to enhance their utility as animal
feed. Fermentation and processing methods, such
as the use of molasses and yeast, have been shown
to improve the nutrient content and palatability of
rice husks, potentially impacting their digestibility
(Syafrudin et al., 2020). Additionally, biological
treatments, such as fermentation with Pleurotus os-
treatus (Beg et al., 1986), or supplementation with
phytase, have been investigated to further improve
the nutritional value and digestibility of rice husks.

Gas and methane production

The relationship between potential substrate
degradation rates and in vitro gas production has

control ration at 51.58 ml, and the lowest in RH4 at
28.63 ml. The increase in rice husk levels resulted
in a linear decrease in total gas production. These
values were lower than those obtained in an earlier
study, which reported gas production in rations
supplemented with various herbal extracts ranging
from 116 to 122 ml (Jo et al., 2022). The discrepancy
can be attributed to the differing composition of
rations, particularly the variation in easily digestible
carbohydrate content. In addition, lignocellulose
sources were also shown to affect the production of
total gas and methane (Kyawt et al., 2024).

Figure 2 presents the rate of gas production
during 24 h of incubation. The results of this
study showed that gas continued to be produced
throughout the 24-h incubation period across
all treatments. This phenomenon suggests that
fermentable substrate was still available for up
to 48 h of incubation. Additionally, Figure 2 also
shows that increasing the proportion of rice husks
could reduce gas production.

Consistently with total gas production, methane
concentrations ranged from 9416.92 to 18161.34
ppm, with the lowest concentration recorded in RH4
at 9416.92 ppm and the highest in control rations at
18161.34 ppm. Methane emission decreased by ap-
proximately 48% at the highest level of rice husks
(40%). This result is lower compared to previous
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Figure 2. Gas production rate during 24 h of incubation

RHO - 40% rice bran+0% rice husk+60% maize straw silage, RH1 — 30% rice bran+10% rice husk+60% maize straw silage, RH2 — 20% rice
bran+20% rice husk+60% maize straw silage, RH3 — 10% rice bran+30% rice husk+60% maize straw silage, RH4 — 0% rice bran+40% rice

husk+60% maize straw silage

studies, which reported methane concentrations in
rations supplemented with various herbal extracts
ranging from 11 000 to 18 600 ml (Jo et al., 2022).

The methane concentration in the control ra-
tion was higher than in rations containing rice
husks. This is because the control ration con-
tained 100% rice bran, a carbohydrate that is eas-
ily degraded by rumen microbes. These results
were align with previous studies, where gas gen-
eration in the water-soluble fraction was statisti-
cally higher than in rice bran, ethanol, and water-
insoluble rice bran (Manlapig et al., 2024). Similar
findings were also reported for forage millet and
sorghum silage, where higher gas production was
observed in varieties rich in water-soluble, eas-
ily fermentable carbohydrates such as glucose,
galactose, xylose, or mannose (Liu et al., 2017).

Figure 3 illustrates the regression pattern for the
relationship between methane production and rice
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husk levels. The data indicate that the influence of
rice husks could reduce methane emission in a lin-
ear manner. The effect of rice husk addition can be
expressed by the following equation: y = -227.31x
+ 18300 with R2 = 70.82%, which means that every
1% increase in rice husks results in a decrease in
methane levels by 227.3 ppm.

In contrast to the negative impact of lignifica-
tion on digestibility described above, several studies
reported that lignin in ruminant feed positively af-
fected greenhouse gas emissions. Ruminant animal
production is one of the most important sources of
anthropogenic methane gas emission, the second
most important greenhouse gas after carbon diox-
ide (Karakurt et al., 2012). Methane is produced in
the rumen during anaerobic fermentation of organic
matter and is subsequently released into the atmo-
sphere (Bodas et al., 2012). When pure lignin is
added to sheep feed in varying amounts, it reduces

y =-227.31x + 18300
R?=0.7082

30 40

rice husk, %

Figure 3. Relationship between methane production and rice husk levels

RHO - 40% rice bran+0% rice husk+60% maize straw silage, RH1 — 30% rice bran+10% rice husk+60% maize straw silage, RH2 — 20% rice
bran+20% rice husk+60% maize straw silage, RH3 — 10% rice bran+30% rice husk+60% maize straw silage, RH4 — 0% rice bran+40% rice

husk+60% maize straw silage
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feed intake but does not affect growth performance.
However, this decreases methane release during in
vitro incubation of sheep feed formulations (Wang
et al., 2009). Similarly, high-lignin feeds show rela-
tively low methane release during in vitro incuba-
tion in rumen fluid obtained from cows compared to
high-sugar feeds (Hindrichsen et al., 2004). In ad-
dition, when different types of fibres were incubat-
ed in buffalo inoculum, a negative correlation was
found between lignin content and methane release
(Singh et al., 2011).

The mechanism by which rice husks influence
methane production in the rumen is not yet fully
understood and requires further research. However,
research shows that the addition of rice husks to ru-
minant feed can affect rumen fermentation capacity,
potentially leading to changes in methane produc-
tion (Fidriyanto et al., 2020; Van Dung et al., 2022).
Moreover, methane production is influenced by
various factors, including the quality and quantity
of additional organic matter, soil redox potential,
soil carbon content, and rice growth. Therefore,
these factors may also alter the impact of rice husks
on methane production in the rumen. Overall, the
present study demonstrates the positive role of rice
husk lignin in reducing ruminant methane emis-
sions.

Based on the results of the above research, we
believe that the information concerning substituting
rice bran with rice husks in ruminant rations and
its effects on rumen fermentation is novel. These
findings suggest that adding rice husks to ruminant
rations may impact the rumen’s fermentation abil-
ity, as well as the overall digestion and metabolism
of animals. Our results imply that the addition of
rice husks (DM basis) to the ration should be lim-
ited to a maximum of 20%, or the substitution of
rice bran with rice husk should not exceed 50%.
This result provides a basis for limiting the amount
of rice husks in the ration. The use of agricultural
waste such as maize straw, rice bran, or rice husks
can serve as a primary energy source for ruminants,
thereby reducing energy losses in the form of de-
composed lignocellulosic biomass and methane, re-
sulting in high economic value for farmers.

Conclusions

This study shows that the addition of up to 50%
rice husk to replace rice bran in maize straw-based
rations remains within acceptable limits and can ef-
fectively reduce total gas and methane production.
Further in vivo research is necessary to validate

these findings and better understand the impact of
rice husks on the performance of Garut sheep.
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