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Abstract

Background and Objective: Palm fronds and rice straw are agricultural wastes that have the potential to be utilized as feed for ruminants
but have low quality. The high fraction of crude fibre of palm fronds and rice straw, namely, cellulose, hemicellulose and lignin,
causes their use as feed to be limited. Therefore, it is necessary to improve the quality through fermentation that involves such
microorganisms as the bacteria found in probiotics. Probiotics containing cellulolytic, mannanolytic and lactic acid bacteria represent a
notable opportunity to improve the quality of feed ingredients. This study aimed to determine the nutritional contents of palm fronds
and rice straw fermented with probiotics containing cellulolytic, mannanolyticand lacticacid bacteria. Materials and Methods: This study
employed a completely randomized design with a 3 X 3 factorial pattern and with 4 replicates. Factor A is the percentage of probiotics,
namely, A1=00%, A2 =2% and A3 =4% and factor B is the waste used, namely, B1 = palm frond B2 =rice straw and B3 = 50% palm frond
+ 50% rice straw. Results: The results showed that there was an interaction between the provision of probiotics and agricultural waste
(palm fronds and rice straw). The interaction between the provision of 4% probiotics with the combination of palm fronds and rice straw
(A3B3) showed that the contents of crude protein, crude fat, phosphorus and NDF were better than for the other combinations. As much
as 4% of probiotics in rice straw showed the best contents of calcium, crude fibre, ADF and cellulose. The interaction between 2%
probiotics and rice straw (A2B2) exhibited the best lignin content. The fermentation treatment using probiotics produced a positive
response in reducing the fibre fraction. Conclusion: The provision of 4% probiotics in the combination of palm fronds and rice straw
demonstrated an increase in quality values.
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INTRODUCTION

Ruminants are meat-producing livestock and are
classified as livestock that are able to consume high-fibre feed.
The main obstacle in raising ruminants is the availability of
feed, which is getting increasingly difficult as a result of land
use change. Therefore, we need alternative feed derived from
agricultural waste as a substitute for grass.

Agricultural wastes, such as rice straw and palm fronds,
can be used as sources of feed but these two types of waste
have constraints as feed ingredients, namely, low quality and
a high fibre content'2 The crude fibre content of palm fronds
reaches 70%, with the lignin content reaching 20% of the dry
biomass?, while rice straw contains 37.71% cellulose, 21.99%
hemicellulose;and 16.62% lignin. The high crude fibre fraction
consisting of cellulose, hemicellulose and lignin causes its
utilization to be limited*. Therefore, it is necessary toimprove
the quality through fermentation. The fermentation process
involves microorganisms (probiotics) that degrade feed. One
of the probiotics that involves cellulolytic, mannanolytic and
lactic acid bacteria has the opportunity to improve the quality
of feed from agricultural waste.

Fermentation technology is a strategic step in improving
feed quality by involving several microorganisms such as
moulds and bacteria®s, The involvement of microorganisms
in fermentation can degrade crude fibre as well as reduce
the levels of lignin and anti-nutritional compounds so that
the digestibility value of feed can be increased’®. The
fermentation of palm fronds using Effective Microorganism-4
as an inoculant can improve the quality of feed for ruminants.
Mardalena er a/? stated that the fermentation of palm fronds
using probiotics containing lactic acid bacteria can increase
digestibility and the volatile fatty acid (VFA) concentration in
the rumen of dairy cows. One source of microorganisms for
feed fermentation is probiotics, which contain a consortium of
cellulolytic, mannanolytic and lactic acid bacteria.

To increase the availability of nutrients and to break
down lignocellulosic bonds, several physical and chemical
delignification methods have been used in agricultural
by-products such as wheat straw and rice straw'®'". The use of
probiotics helps the process of breaking down lignin, cellulose
and hemicellulose into simpler compounds, such as glucose.
This study was conducted to determine the quality of palm
fronds and rice straw fermented with probiotics as feed for
ruminants.

MATERIALS AND METHODS

This study used freshly harvested palm fronds, rice straw
and probiotics, which contain a consortium of cellulolytic,
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mannanolytic and lactic acid bacteria. Palm fronds and
rice straw were mashed using a chopper to a size of 1-3 cm.

This study used a completely randomized design (CRD)
with a 3 X3 factorial pattern and 4 replications, where factor
A was the provision of probiotics, namely, A1 = 0%, A2 = 2%
and A3 = 4% and factor B was agro-industrial waste, namely,
B1 = palm fronds, B2 = rice straw and B3 = 50% palm fronds
+50% rice straw.

Fermentation was carried out by mixing the feed
ingredients of palm fronds and rice straw with different
probiotic percentages (0, 2 and 4%) based on dry agricultural
waste and then putting them into tightly closed plastic jars.
After 21 days, the quality of the fermented feed was measured.
The dry matter (DM), ash content (AC), crude protein (CP),
crude fat (CFat), crude fibre (CF), phosphorus, calcium and
energy (GE) were determined using the methods of the
AOAC. The ADF (acid detergent fibre), NDF (neutral
detergent fibre), lignin, cellulose and hemicellulose were
determined using a previously described method™.

Statistical analysis: All data were analysed using 2-way
analysis of variance (ANOVA) based on a 3 X 3 factorial pattern.
If the main effect was found significant (p<0.05), then any
differences were assessed using Duncan's multiple range test
(DMRT)®,

RESULTS AND DISCUSSION

The nutritional contents of fermented agricultural waste
(palm fronds and rice straw) using probiotics containing a
consortium of cellulolytic, mannanolytic and lactic acid
bacteria are presented in Table 1.

The interaction between the provision of probiotics and
the type of agricultural waste had no significant effect
(p>0.05) on the dry matter of the fermented feed. Probiotics
had no significant effect (P> 0.05) on the dry matter content
but the type of agricultural waste had a significant effect
(p<0.05) on the dry matter content of fermented feed.

The dry matter content of rice straw (B2) was higher than
that of palm fronds (B1) as well as the combination of rice
straw and palm fronds (B3). The high dry matter content of
rice straw is thought to be due to the physical texture of rice
straw, which is coarser so less water absorption takes place
during the fermentation process and thus, the dry matter
content is higher. During the fermentation process, there is a
decrease in dry matter and an increase in the water content
caused by the first fermentation stage, namely, respiration,
which is still ongoing, in which glucose is converted into CO,,
H,0 and heat'®. Another factor that causes this difference is
that the high dry matter content of a material will affect the
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Table 1: Nutritional contents of palm fronds and rice straw fermented with probiotics

Treatments Dry matter (%) Ash content (%) Crude protein (%) Crude fat (%) Phosphorus (%) Calcium (%) Energy (kcal)
Probiotic

Al 72.40 1.45 4.69° 1912 0.25? 0.76? 3610.00°
A2 71.97 1.59 5.21° 2.50° 0.27° 1.00° 3652.67°
A3 71.03 1.64 5.67¢ 2.99¢ 0.35¢ 1.13¢ 3743.67°
Agricultural waste

B1 68.38° 1.67 4.69° 2.34° 0.122 0912 3159.332
B2 76130 1.48 4.57° 2.56° 0.21° 1.46° 4170.33b
B3 70.88¢ 1.52 6.31° 2.50% 0.56° 0.52¢ 3676.67¢
Interaction

A1B1 69.23 1.60 3.96" 2.009 0.10" 0.559 4102.00°
A1B2 77.22 1.37 4.40" 2.009 0.16° 1.26¢ 3149.009
A1B3 70.74 1.39 5.71¢ 1.009 0.50¢ 0.48 3594.00¢f
A2B1 68.29 1.69 4.55f 2.50¢ 0.129 1.07¢ 4169.00%
A2B2 76.10 1.50 4.49% 2.50%e 0.17¢ 1.42° 3149.009
A2B3 71.51 1.57 6.59 2.50def 0.53° 0.49" 3640.00°
A3B1 67.64 1.72 5.57¢< 3.00° 0.14f9 1.094 4240.002
A3B2 75.05 1.59 4.84° 2.50¢ 0.29¢ 1.70° 3195.009
A3B3 70.40 1.61 6.62° 2.90° 0.65° 0.60" 3796.00¢

Means in a column followed by different subscripts differ significantly (p<0.05).

dry matter content produced. The dry matter content of palm
fronds is 48.78%'’, while that of rice straw is 76.93%'8. This
result is consistent with the statement of Hamid et a/' that
the decrease in the dry matter content in the fermentation
process is due to the catabolism of complex compounds into
simple compounds by freeing water molecules.

There was no significant interaction between the
provision of probiotics and the type of agricultural waste on
the ash content of fermented feed (p>0.05). This result agrees
with a previous study conducted by Kusumaningrum et a/%,
who stated that various Asperglus niger treatments and
curing times did not show any interaction with the ash
content. According to Zakaria et a/?', the ash content aims to
determine the amount of mineral content contained in feed
ingredients. The determination of the ash content is closely
related to mineral contentas well as colour and texture of feed
ingredients. The ash content determines the level of organic
matter from a feed and ash is an inorganic material in feed
ingredients.

There was a significant interaction (p<0.05) between
the provision of probiotics and agricultural waste on the
fermented feed crude protein content. The highest feed
protein content was found in the A2B3 and A3B1 interactions.
The high crude protein content is thought to be because
these samples contain better digestible carbohydrates and the
bacteria contained in probiotics are able to work well in
utilizing carbohydrates in the combination of fronds and
straw. The carbohydrate content contained in the substrate is
optimally utilized by lactic acid bacteria as nutrients for
growth so that in fermentation, lactic acid bacteria develop
more?2, Similar results were reported by Chanjula et a/8, who

stated that the nutrient digestion coefficient (DM, OM, CP,
NDF and ADF) significantly increased in palm fronds treated
with white rot fungi.

There was a significant interaction (p<0.05) between the
provision of probiotics and agricultural waste on the crude fat
content of fermented feed. Likewise, probiotic treatment
alone and agricultural waste alone had a significant effect
(p<0.05) on the crude fermented feed fat. The combination of
palm fronds and rice straw with 4% probiotics gave the
highest feed fat content (2.90%). Fat is an important source of
energy for cell mass development and is used as a source of
energy for body metabolism'2,

There was an interaction (p<0.05) between the provision
of probiotics and agricultural waste on the phosphorus and
calcium contents of fermented feed. The highest phosphorus
contentisfoundinthe A3B3interaction. The high phosphorus
content is thought to be due to the provision of probiotics in
the combination of midrib and straw increasing the
phosphorus content. This isin accordance with the opinion
of Hidayati, et a/%, who stated that the phosphorus content is
influenced by the nitrogen of the material and the higher the
nitrogen content is, the higher the multiplication of
microorganisms that break down phosphorus, thus causing
the phosphorus content to also increase.

The results showed that the best calcium content (17%)
was found in the A3B2 interaction. This high calcium content
is thought to be higher than the calcium content in palm
fronds. However, from the results of the study, the Ca content
is lower than that found in the research of Shen et a/?,
indicating that the straw has a mineral content that depends
on the harvest season, namely, at the beginning of the harvest
season, the content is as much as 2.21%.
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Table 2: Fibre contents of palm fronds, rice straw and the combination of frond-straw

Treatment Crude fibre (%) ADF (%) NDF (%) Cellulose (%) Hemicellulose (%) Lignin (%)
Probiotic

Al 32.92¢ 57.832 75.00¢ 18.582 17.51 10.072
A2 31.00° 55.96° 72.57° 18.17° 16.20 9.65°
A3 30.00¢ 50.25¢ 66.322 20.08° 16.15 9.09°
Agricultural waste

B1 36.67° 53.36° 69.06° 16.832 15.70 12.15°
B2 26.33° 56.250 71.08° 25.58¢ 17.58 6.07°
B3 30.92¢ 54.42% 73.75¢ 14.42¢ 16.58 10.60¢
Interaction

A1B1 38.502 60.50° 69.72¢f 24,544 17.00% 12.772
A1B2 28.509 54.12¢f 77.50° 15.25%¢ 19.25% 6.589
A1B3 31.75¢ 55.75¢ 76.00% 27.00¢% 16.00%° 10.87¢
A2B1 36.50° 58.25% 68.50 16.00% 16.78% 12,150
A2B2 25.50" 51.25¢ 75.252bd 14.00% 18.25% 6.22%
A2B3 31.00% 54,73bd 71.50% 25.25¢ 15.61% 10.599%
A3B1 35.00¢ 58.00¢ 65.969 16.00¢ 14.71%® 11.53¢
A3B2 25.00 49.25f 72.75¢ 13.25° 17.50% 5.40
A3B3 30.00¢ 50.25¢ 64.50" 19.25¢ 14.50% 10.33¢

Means in a column followed by different subscripts differ significantly (p<0.05).

There was no significantinteraction (p>0.05) between the
provision of probiotics and the type of agricultural waste on
the energy content of the fermented feed produced. The
highest energy was found in the interaction of 4% probiotics
with palm fronds (A3B1).

The contents of fibre, ADF, NDF, cellulose, hemicellulose
and lignin of palm fronds, rice straw and a combination of
frond-straw treated with probiotics can be seen in Table 2.

Thereis an interaction (p<0.05) between the provision of
probiotics and agricultural waste on the crude fibre in the
fermented feed. The best interaction is found in A2B2
treatment. The low content of crude fibre in fermented feed is
thought to be because the cellulolytic and mannanolytic
microbes contained in the probiotics are able to synergistically
change complex compounds into simpler compounds.
Cellulolytic bacteria are bacteria that can hydrolyse cellulose
complexes into smaller oligosaccharides and eventually
become glucose??, Meanwhile, microorganisms that produce
the enzyme mannanase can hydrolyse hemicellulose into the
form of manooligosaccharides'*?. Mannanase is an enzyme
that breaks down mannose and galactomannaninto mannose
and galactose. This enzyme randomly cuts the main chains of
mannan and hetero B-D-mannan into dissolved sugars,
namely, mannodextrins and mannose?,

According to Wina?°, the fermentation process can
improve the quality of waste feed due to the presence of
microorganisms that can degrade crude fibre and reduce
lignin and anti-nutritional compounds so that the feed
digestibility increases. This is in accordance with the research
of Astuti and Yelni?, who found that fermentation using MOL
(local microorganism) starter produces a dry matter
digestibility 32.20% higher than the control.

There was asignificantinteraction between the provision
of probiotics and agricultural waste on the fermented feed
ADF and NDF (p<0.05). Probiotics at the 4% level in rice straw
(A3B2) showed the lowest ADF content. The best NDF
interaction was found in the provision of 4% probiotics in
mixed agricultural waste (palm fronds and rice straw) (A3B3).
The high NDF content of rice straw (B2) compared to palm
fronds (B1) is suspected because rice straw has a higher NDF
content than palm fronds. This is in accordance with the
results of research by Syamsu et a/*°, who stated that the NDF
content in straw was 72.52%, while the NDF content in palm
fronds was 65.59%'6. According to Rahman et a/3, the lower
contents of ADF and NDF in palm fronds after being given the
fungus is an indication of cell wall damage due to the
presence of fungi.

Theseresultsindicate that the fermentation process using
probiotics can increase the nutritional value of palm fronds
and rice straw, which can reduce the content of cell walls.
Sarnklong et a/* stated that high ADF and lignin contents in
the ration could result in a lower digestibility of the ration.
Structural changes in cell wall components due to the
provision of probiotics can facilitate microbes in the rumen to
degrade high-fibre rations and thus, they can increase feed
digestibility'.

There was an interaction between the provision of
probiotics and agricultural waste in the cellulose and
hemicellulose in the fermented feed (p<0.05). The lowest
cellulose content was found in the provision of 4% probiotic
and rice straw (A3B2). The low content of crude fibre is
suspected to result from that cellulolytic microbes contained
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in probiotics are able to break down complex compoundsinto
simpler compounds. The presence of probiotics that involve
cellulolytic, mannanolyticand lactic acid bacteria can certainly
help the process of breaking down the feed fibre. Cellulase
enzymes are able to degrade cellulose into cellobiose or
glucose. The degradation of cellulose requires three
enzymes, namely, endoglucanases, cellobiohydrolases and
glucosidases®2. Endoglycanase enzymes can break down
cellulose into shorter oligosaccharides and then, the
cellobiohydrolase enzyme can continue the degradation of
shorter oligosaccharides to cellobiose, which is broken down
by glucosidases converting cellulose to D-glucose.

Some microorganisms produce enzymes for cellulose
decomposition, such as cellodextrinase, which can remove
disaccharides from cello-oligosaccharides. Enzymes that
can also degrade cellulose are cellodextrin phosphorylase,
cellobiose phosphorylase and cellobiose epimerase®.

The results of this study indicated that there was an
interaction (p<0.05) between the provision of probiotics and
agricultural waste on the fermented feed lignin. The low lignin
content in the A3B2 interaction is thought to be because
probiotics are able to remodel complex compounds into
simpler compounds. The use of probiotics in the fermentation
of agricultural waste shows a decrease in the crude fibre
content. Increasing the level of probiotics is directly
proportional to a decrease in the lignin content. This is in
accordance with the opinion of Ratnakomala et a/3* stating
that the addition of inoculum will accelerate the fermentation
process and more substrate is degraded so that it can reduce
the content of feed fibre. Microorganisms have the ability to
degrade lignin in feed ingredients and thus, they can increase
digestibility in the rumen. Microorganisms that are good for
lignocellulose bioconversion are those that have the ability to
decompose lignin but have low degradations of cellulose and
hemicellulose’*>.

CONCLUSION

The quality of the fermentation was good at the
interaction of 4% probiotics on rice straw waste, resulting in
the highest protein content and the lowest crude fibre
content.
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