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ABSTRACT

Utilizing mangrove (Sonneratia alba) fruit as an alternative feed source presents a viable avenue for enhancing livestock
feed efficiency and sustainability. However, the intrinsic high tannin content of S. alba poses a significant barrier to its
digestibility and utility as a feed component. The application of fermentation processes facilitated by Aspergillus niger
emerges as a strategic intervention to diminish tannin impediments and elevate the feed material's nutritional profile. This
investigation delves into the ramifications of varied fermentation periods with A. niger on the digestibility, nutrient quality,
and fermentative by-products of S. alba fruit. Adopting a completely randomized block design, the study administers
treatments spanning fermentation durations of 7, 10, 13, and 16 days, scrutinizing their influence on a spectrum of
digestibility indices, ruminal fluid properties, microbial protein synthesis, and gaseous production. The findings articulate
that protracted fermentation markedly augments the digestibility of dry matter, organic matter, and crude protein, alongside
elevations in volatile fatty acids and ammonia levels, while sparing rumen pH and overall gas output from significant
alterations. Notably, a 16-day fermentation tenure culminates in optimal feed digestibility and nutritional amelioration,
underscoring the potency of extended A. niger fermentation in curtailing tannin contents and fostering the adaptability of

S. alba fruit as livestock feed, thereby advocating for advanced, sustainable feed formulation methodologies.
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INTRODUCTION

The utilization of alternative feed sources, including
mangrove plants, has become a focal point in efforts to
enhance feed availability for livestock (Sari et al. 2022;
Ikhlas et al. 2023; Jamarun et al. 2023; Pazla et al. 2024a).
The fruit of Sonneratia alba, a type of mangrove, exhibits
promising potential as a substitute feed source for costly
concentrates. Its carbohydrate content reaches 75.1%
(Ardiansyah et al. 2020); however, a significant challenge

in feed digestibility and utilization is its high tannin
content, which amounts to 41.6% (Bay 2016). Tannins are
secondary metabolite compounds in plants (Kondo et al.
2016; Jamarun et al. 2020), capable of significantly
impacting livestock digestion, affecting feed efficiency and
overall animal health (Popova and Mihaylova 2019; Verma
et al. 2021).

Nonetheless, the use of microorganisms, such as
Aspergillus niger, in fermentation has emerged as a
promising approach to reducing the tannin content in

Cite This Article as: Pazla R, Elihasridas, Jamarun N, Yanti G, Antonius, Putri EM, Ikhlas Z, Khan SU, Khan FA,
Asmairicen S, Surachman M, Darmawan IWA, Akhadiarto S and Efendi Z, 2024. Optimizing nutrient digestibility through
fermentation of mangrove (Sonneratia alba) fruit with Aspergillus niger: implications for livestock feed quality
improvement. International Journal of Veterinary Science 13(6): 862-869. https://doi.org/10.47278/journal.ijvs/2024.182



http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.47278/journal.ijvs/2024.182
mailto:Elihasridas@ansci.unand.ac.id
https://doi.org/10.47278/journal.ijvs/2024.182

mangrove fruits (Pakaweerachat and Chysirichote 2022;
Elihasridas et al. 2023a). The tannase enzyme produced by
A. niger has the potential to alter the tannin structure, which
in turn can improve feed digestibility and utilization by
livestock (Espitia et al. 2022). However, to optimize this
fermentation process, a deeper understanding of the
influence of fermentation duration and optimal
fermentation parameters is required.

Previous studies, such as those conducted by Purnama
(2004), Probowati et al. (2012), and Khasnabis et al.
(2015), have provided initial insights into the potential of
A. niger to reduce tannin content in feed materials.
However, further comprehensive and detailed research is
necessary to expand this knowledge and apply it practically
in livestock production.

In this context, the present study aims to investigate
the impact of the fermentation duration of S. alba with A.
niger on tannin content, as well as the overall digestibility
and nutritional quality of the resulting feed. A profound
understanding of this fermentation process is expected to
offer valuable insights into developing higher quality and
more efficient livestock feeds.

MATERIALS AND METHODS

Ethical approval
This study does not employ experimental animals;
therefore, ethical approval is unnecessary.

Research methods

The method employed in this study is a Completely
Randomized Design with four treatments and four
repetitions. The treatments in the study are as follows:
T1: Fermentation of Mangrove (S. alba) fruit for 7 days
T2: Fermentation of Mangrove (S. alba) fruit for 10 days
T3: Fermentation of Mangrove (S. alba) fruit for 13 days
T4: Fermentation of Mangrove (S. alba) fruit for 16 days

Fermentation utilizes A. niger mold at a dose of 6% of
the dry weight of the sample in each treatment. The
fermentation procedure of mangrove fruit refers to
Elihasridas et al. (2023a). The mathematical model used in
the design is based on the design of Steel and Torrie (2002).
The chemical composition of S. alba mangrove fruit before
and after fermentation can be seen in Table 1.

In vitro preparation

The stages of in vitro preparation were conducted
through several steps, namely:
1. Collection of rumen fluid
Rumen fluid was collected from a slaughterhouse and
placed into a thermos that had been previously filled with
warm water; afterward, the warm water was discarded to
maintain the temperature at 39°C. This ensured that the
microbes in the rumen fluid did not die, and anaerobic
conditions were maintained. The rumen fluid was then
filtered using four layers of cheesecloth.
2. Preparation of Mc. Doughall’s solution
Mc. Doughall's solution was used as a buffer in in
vitro fermentation. The chemicals used to make Mc.
Doughall's solution included NaHCO3 (9.80g/L),
Na2HPO4.7H20 (7.00g/L), KCI (0.57g/L),
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MgS0O4.7H20  (0.12g/L), NaCl (0.47g/L) and
CaCl2-2H20 (0.05g/L) (Tilley and Terry 1963).

All chemicals were dissolved in distilled water. The
buffer solution was prepared before fermentation and
placed in a shaker water bath at 39°C while CO, gas flowed
for 20min to maintain anaerobic conditions.

3. Invitro evaluation

A sample of 2.5g was weighed and placed into a
250mL Erlenmeyer flask, to which 200mL of buffer and
50mL of rumen fluid were added in a 4:1 ratio. CO; gas
was flowed for 60sec to maintain anaerobic conditions in
the flask. A blank containing rumen fluid and buffer was
also prepared. The flask was sealed with a ventilated
rubber stopper to release fermentation gases. Fermentation
was carried out in a shaker water bath at 39°C for 48hrs.
After fermentation, the flask was placed in a basin
containing ice chunks to stop microbial activity and
measure pH. The mixture was then centrifuged for 5min at
1500rpm until separation occurred, with residue settling at
the bottom and the supernatant at the top. The supernatant
was transferred into a bottle and stored in a freezer for
VFA and NHs analysis. The sediment from the mixture of
supernatant and residue was filtered with Whatman No. 41
paper and dried in an oven at 60°C for 24hrs before
analysis. Nutrient contents were analyzed using the AOAC
Procedure (2016).

Parameter measured

The study measured several parameters, including dry
matter digestibility, organic matter, crude protein, rumen
fluid characteristics (pH, VFA, and NHz), microbial protein
synthesis, and total gas production.

Data analysis

The data obtained from the study were statistically
processed using variance analysis. All collected data were
processed and analyzed for variability using ANOVA with
SPSS software version 25.0, followed by Duncan's test
(Duncan’s Multiple Range Test / DMRT).

RESULTS AND DISCUSSION

Dry matter digestibility

The influence of tannins on dry matter digestibility is
an essential aspect in the fermentation research of S. alba
fruit with A. niger. Tannins possess anti-nutritional
properties that can bind proteins and digestive enzymes,
limiting the accessibility and digestibility of nutrients in
livestock feed. However, fermentation induced by A. niger
for 16 days (Treatment T4) proved effective in reducing
tannin content, which significantly (P<0.05) improved dry
matter digestibility (Table 1).

A study by Pakaweerachat and Chysirichote (2022)
indicated that the fermentation process using A. niger
could decrease the tannin content in feed materials,
enhancing dry matter digestibility by facilitating the
decomposition of fiber and increasing nutrient
accessibility. This research aligns with the results found
in the fermentation of S. alba, where an increase in dry
matter digestibility after 16 days of fermentation indicates
a reduction in the inhibitory effects of tannins on digestive
enzymes (Mueller et al. 2019).
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Table 1: Chemical composition of Sonneratia alba mangrove fruit before and after fermentation.

Chemical Composition

Content (%)

Before Fermentation Fermentation 7 day Fermentation 10 day Fermentation 13 day Fermentation 16 day

Ash 5.43 6.60
Dry matter 55.82 51.48
Organic matter 94.57 93.40
Crude fiber 16.81 15.02
Crude fat 1.00 0.97
Crude protein 3.56 4.65
Nitrogen free extract ~ 73.20 72.76
TDN 63.03 64.42
Tanin 21.21 19.36

8.03 8.41 8.65

42.83 32.50 28.37
91.97 91.59 91.35
14.64 14.54 13.56
0.88 0.43 0.16

4.72 8.24 12.94
71.73 68.38 64.69
63.63 64.28 66.61
18.30 17.25 16.03

Furthermore, resOearch by Schmitt et al. (2020)
underscored that tannins can reduce nutrient digestibility
by forming stable complexes with proteins, which are
challenging to hydrolyze by digestive enzymes. This
affirms the importance of strategies such as fermentation to
reduce tannin content in feed, improve dry matter
digestibility, and enhance feed efficiency.

Fermentation with A. niger not only reduces tannin
content but also produces secondary metabolites that can
positively affect rumen microflora, further supporting dry
matter digestibility. Research by Pazla et al. (2023a)
demonstrated that microbial fermentation can enhance the
nutritional profile of feed by producing enzymes targeting
the degradation of anti-nutritional components like
tannins and improving the availability and digestibility of
nutrients.

Organic matter digestibility

Fermentation duration is directly related to the
reduction of tannin content in Sonneratia alba. As shown
in Table 1, fermentation for 16 days results in the lowest
tannin content and a significant increase in dry matter
digestibility (Table 2), reflecting the reduction of tannin's
inhibitory effects on digestion. Tannins, with their anti-
nutritional properties, can bind proteins and carbohydrates,
reducing the digestibility of organic matter. The decrease
in tannin content due to fermentation allows rumen
microbes to access and degrade organic matter more
efficiently, increasing the digestibility of organic matter
(Elihasridas et al. 2023a).

Table 2: Nutrient digestibility of the treatments

Parameter Treatments

T1 T2 T3 T4 SEM
Dry matter 23.06° 26.19> 28.79° 36.282 1.25
Organic matter 22.849 28.29° 3195 4216% 1.24
Crude Protein 54.46° 73.032 74.06% 75.70® 1.96

Values (mean+SD) marked with differing letters in the same row
indicate a significant difference at P<0.05.

The fermentation process with A. niger for 16 days
(T4) not only reduces tannins but also affects the overall
nutritional composition, including an increase in the
availability of crude protein and a reduction in crude fiber
(Table 1). The content of crude fiber in feed leads to a low
degradation value, as crude fiber consisting of cellulose
and hemicellulose often binds with lignin and will be
challenging to break down by digestive enzymes (Pazla et
al. 2020; Ajayi et al. 2021). The digestibility of organic
matter is defined as the amount of nutrients contained in
feed materials, including protein, carbohydrates, fats, and
vitamins that the body can digest. Organic matter in a

complete feed that is easily digestible is organic matter
that is soluble, whether derived from protein,
carbohydrates, or fats (Agustin et al. 2024). This
transformation improves the nutritional profile of feed
materials, making them easier for livestock to digest.
These nutrient composition changes enhance organic
matter's digestibility, an essential indicator of improved
feed quality (Pazla et al. 2024b).

A. niger plays a crucial role in the fermentation of S.
alba by producing enzymes such as cellulase, which can
degrade plant cell walls (Zohri et al. 2022). This enzymatic
activity breaks down components of organic matter that are
difficult to digest into substrates more easily accessed and
utilized by rumen microbes. As a result, the digestibility of
organic matter is increased, providing a better source of
energy and nutrients for livestock. The enzymes produced
by A. niger play a crucial role in enhancing the digestibility
of dry matter and organic matter, demonstrating the
potential of fermentation in improving feed efficiency (De
Vries and Visser 2001).

Crude protein digestibility

The reduction in tannin content during the 16-day
fermentation is critical in improving the digestibility of
crude protein (P<0.05) in S. alba. Tannins, known for their
anti-nutritional solid properties, can form bonds with
proteins and inhibit the digestion and absorption of proteins
in the digestive tract (Patra and Saxena 2011). This effect
negatively impacts the availability of nutrients for rumen
microbes, resulting in low crude protein digestibility. A
study by Elihasridas et al. (2023a) showed that
fermentation with A. niger can effectively reduce the tannin
content in S. alba, leading to a significant improvement in
crude protein digestibility in T4, reaching up to 75.70%
(Table 2).

A. niger is also known as a producer of protease
enzymes (Wahab and Ahmed 2018). The fermentation
process with A. niger induces the production of
proteolytic enzymes that break down tannin-protein
bonds, releasing crude protein that was previously
unavailable due to interaction with tannins. Furthermore,
these enzymes assist in degrading protein into peptides
and amino acids more easily digested by rumen microbes,
thereby enhancing microbial protein synthesis and
nutrient availability for livestock. Research conducted by
Li et al. (2021) supports these findings, indicating that
fermentation reduces tannin content and increases
enzymatic activity that improves crude protein
digestibility. Pazla et al. (2023c) state that the crude
protein digestibility level varies from each feed material
due to plant type and anti-nutritional content.
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Fig. 1: pH of rumen fluid in the treatments: Treatments do not
show a significant variation (P>0.05).

pH of rumen fluid

The pH value of rumen fluid is presented in Fig. 1.
The analysis of variance results showed that the duration
of fermentation treatments had no significant effect
(P>0.05) on the pH of the rumen fluid. The obtained pH
values ranged from 7.14 to 7.23, which are still
considered normal for the activity of rumen microbes. The
ideal pH of the rumen ranges between 6.9 and 7.3, where
such pH conditions can support the growth of rumen
microbes (Souza et al. 2022). According to Bach et al.
(2023), pH varies depending on the type of feed provided.
Fermentation of Tithonia diversifolia with Aspergillus
ficuum and Lactobacillus plantarum produced a pH of
6.72-6.85 (Pazla et al. 2021a). Fermentation of sugarcane
tops using Pleurotus ostreatus and Aspergillus oryzae
resulted in a pH of 6.83-6.98 (Pazla et al. 2021b).
Fermentation of Tithonia diversifolia using Lactobacillus
bulgaricus produced a pH of 7.19-7.31 (Pazla et al.
2023b).

The stability of rumen fluid pH despite the
fermentation process indicates that the fermentation of S.
alba with A. niger does not produce by-products that can
significantly alter the acid-base balance in the rumen.
This suggests that the fermented substrate may have been
well adapted by the rumen microbes without causing
extreme pH fluctuations, which could disrupt the activity
and population of rumen microbes. This pH regulation is
essential because a pH that is too low or too high can
inhibit microbial activity and nutrient digestion,
particularly of fiber. Rumen fluid with a pH below 6.0 can
inhibit proteolysis and deamination processes, disturb the
life of cellulolytic microbes, and decrease fiber
digestibility. If the pH exceeds 7.3, the ammonia
absorption process is accelerated because the formation of
non-ionized ammonia that more easily passes through the
rumen wall occurs (Russell et al. 2009; Hackmann and
Firkins 2015).

In the fermentation process, A. niger can produce
enzymes that break down organic matter into components
that are more easily digested by rumen microbes without
drastically changing the production of VFA and other
gases that affect rumen pH. These results indicate that
fermentation with A. niger may optimize the degradation
of organic matter and crude protein without causing an
increase in acid production that could lower rumen pH.
According to Luo et al. (2017), the pH of the rumen plays
a vital role in regulating processes within the rumen, such
as supporting rumen microbes in producing VFA and
NHs.
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Total VFA concentration

In this study, the research results showed that the
concentration of VFA ranged between 78.00mM and
83.25Mm (Fig. 2), indicating a significant variation related
to the duration of fermentation. Statistical analysis revealed
that the difference in fermentation duration had a very
significant effect (P<0.05) on the VFA concentration, with
the 16-day fermentation treatment (T4) producing the
highest value of 83.25mM. In contrast, the 7-day
fermentation (T1) produced the lowest value, 78.00mM.
These findings affirm that the duration of fermentation
plays a crucial role in increasing the VFA concentration,
which is a direct result of the reduction in tannin content
during the fermentation process (Table 1).

The decrease in tannins observed in each treatment
contributes to the increased amount of soluble
carbohydrates and protein escaping degradation, thus
increasing the amount of glucose available to be fermented
by microbes into VFA. This aligns with the literature
stating that fermentation can increase VFA concentration
through more efficient feed degradation processes,
facilitating the fermentation of carbohydrates in the rumen
into a vital energy source for livestock (Jamarun et al. 2017;
Jin et al. 2023).

Furthermore, the role of A. niger in producing cellulase
enzymes during the fermentation of S. alba strengthens the
degradation process of cellulose into glucose (Probowati et
al. 2012). This glucose, in turn, is used as a vital carbon and
energy source for livestock, given that glucose is essential
for meeting the energy needs of rumen microbes (Bureenok
et al. 2024). The optimal VFA concentration, as produced
in this study, supports the growth and activity of microbes
in the rumen, consistent with the view that a VFA
concentration between 70 and 150mM is conducive to
microbial growth (Putri et al., 2021). An increase in VFA
production indicates the ease of feed degradation by rumen
microbes, which can also indicate feed fermentability (Zain
et al. 2024).

NHs concentration

The data show a variation in NH3 concentration from
3.53 to 5.03mM (Fig. 3). Statistical analysis indicates that
differences in fermentation duration have a significant
effect (P<0.05) on NHs concentration, with the most
pronounced increase recorded in the treatment involving 16
days of fermentation (T4), resulting in the highest NH3
concentration of 5.03mM. On the other hand, a shorter
fermentation duration of 7 days (T1) resulted in the lowest
NHs concentration, at 3.5mM. These results affirm that
fermentation duration plays a crucial role in modulating
NHs concentration, with an increase in fermentation
duration potentially raising NH3 levels.

The decrease in tannin content in mangrove fruit and
fermentation treatment plays a significant role in this
phenomenon. Analysis shows that the reduction of tannins
from 19.36% (T1) to 16.03% (T4) contributes to increased
NH3; concentration and crude protein content, which grew
from 4.65 to 12.94%. This increase in NHs can be
explained by the reduced tannin-protein interaction that
inhibits protein degradation. With lower tannin levels,
proteins are more readily degraded into NHs, providing a
nitrogen source for rumen microbes, thus supporting their
growth (Getachew et al. 2008; Chuzaemi et al. 2022).
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The use of A. niger in fermentation, known to produce
tannase enzyme, plays a vital role in reducing tannin
content and enhancing the crude protein content of
mangrove fruit. The ability of A. niger to produce a tannase
enzyme, which effectively lowers tannin content, facilitates
the increased accessibility of protein for degradation into
NHa;. The lower NH3 concentration in the initial treatment
(T1) indicates that with a significant decrease in tannin
content, the available crude protein is sufficient to meet the
nitrogen needs of rumen microbes. Jayanegara et al. (2020)
reported that ammonia concentration decreases when
tannin concentration increases due to the formation of
tannin-protein bonds, which results in protein precipitation,
then forming insoluble complex compounds.

Microbial protein synthesis

The variance analysis results show that the duration of
mangrove fruit fermentation significantly differs (P<0.05)
in microbial protein synthesis among treatments, with
microbial protein production during the 48-hour incubation
period ranging from 0.65mg/100mL to 1.38 mg/100mL
(Fig. 4) Specifically, the treatment involving 16 days of
fermentation (T4) stands out, producing the highest
microbial protein synthesis of 1.38mg/100mL. This
confirms the importance of fermentation duration in
influencing microbial protein synthesis.

This study reveals that fermenting mangrove fruit with
A. niger induces significant changes in the fruit's
composition, particularly a decrease in tannin content. The
tannase enzyme activity produced by A. niger plays a vital
role in this process, degrading tannins into gallic acid and
glucose, thereby reducing the tannin content. Khasnabis et
al. (2015) support these findings by demonstrating the
effectiveness of A. niger in reducing tannin content in
fermented tea leaves.
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Fig. 4: Synthesis of microbial protein of the treatments: There is
a significant difference among treatments (P<0.05).
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The treatment with the highest tannin content (T1)
produced the lowest microbial protein synthesis,
attributable to the negative impact of tannins on rumen
bacteria. Farha et al. (2020) explain that tannins can
damage bacterial cell wall polypeptides, causing bacterial
lysis and reducing microbial biomass in the rumen,
ultimately affecting microbial protein production.
Research by Harun (2019) also affirms that microbial
biomass is an essential factor influencing microbial
protein synthesis.

Furthermore, tannin interaction with proteins inhibits
protein degradation by rumen microbes, resulting in low
NHs production. This negatively impacts microbial protein
synthesis due to unmet NHs requirements. Jayanegara et al.
(2020) added that an increase in tannin concentration
decreases ammonia concentration, limiting the availability
of essential nitrogen for microbial protein synthesis. This
study found that NHs; concentration ranged from 3.53-
5.03mM, with only the T4 treatment reaching the optimal
ammonia concentration for microbial growth, according to
the standard set by Russell and Strobel (1987).

Increased fermentability and decreased tannin levels
through mangrove fruit fermentation improve feed material
degradation in the rumen, enhancing the availability of
energy (VFA) and ammonia (NHs) for microbial protein
synthesis. This is supported by findings that VFA ranged
from 78.00 - 83.25mM, reaching optimal values to support
microbial activity, according to McDonald et al. (2010).
Optimal NH3 and VFA production in T4 from this study
successfully increased microbial protein synthesis,
indicating that microbes obtain adequate energy and
nitrogen sources for protein synthesis. According to Zain et
al. (2024), microbial protein synthesis is highly influenced
by the availability of ammonia and energy from
carbohydrate degradation fermentation (VFA). Pazla et al.
(2018) reported a linear increase in microbial protein
synthesis in fermented palm fronds with increased NHs and
VFA concentrations.

Compared with the study by Ramaiyulis et al. (2019),
the microbial protein synthesis results in this study are
lower, indicating varying responses depending on the type
of feed and substrate degraded. Chuzaemi et al. (2022)
and Elihasridas et al. (2023b) state that differences in
microbial protein synthesis are influenced by the type of
feed consumed by livestock and the substrate degraded.
This phenomenon highlights the complexity of the
relationship between feed composition, tannin-protein
interactions, and their influence on microbial protein
synthesis in the rumen.



= N w rY 7] @
(5] (=] © <) <) <}

total gas production (mL/g DM)

(<]

24 h 48 h

Time

T2 T3 T4

Fig. 5: Total gas production of the treatments: Treatments do not
show a significant variation (P>0.05).

Total gas production

The dynamics of total gas production from the
fermentation of mangrove fruit (S. alba) with Aspergillus
niger are presented in Fig. 5. Although statistical analysis
did not indicate a significant difference (P>0.05) among
treatments regarding total gas production, there was a
consistent increase in gas production as the incubation time
progressed. Over 48 hours of incubation, total gas
production ranged from 36.97mL/grDM to 48.62mL/gr
DM, with the highest result achieved in the T4 treatment,
fermentation for 16 days. This data suggests that
fermentation time is directly proportional to gas production.

The fermentation process alters the composition of
mangrove fruit, specifically reducing tannin levels through
the activity of the tannase enzyme produced by A. niger.
This reduction facilitates the degradation of organic
material by rumen microbes, triggering increased gas
production. Khasnabis et al. (2015) support these findings
by demonstrating that A. niger is effective in reducing
tannin content in fermented tea leaves.

The treatment with the shortest fermentation duration,
T1 (7 days of fermentation), produced the lowest gas
production at 48hrs of incubation (36.97mL/grDM). This
condition is due to the higher tannin content that inhibits
the degradation of organic material (Pellikaan et al. 2011,
Hassanat and Benchaar 2013; Besharati et al. 2022). Anti-
nutritional substances like tannins can bind various organic
compounds, limiting their digestion by rumen microbes.

The success of the T4 treatment in producing the
highest total gas production indicates the positive effect of
reduced tannin activity through longer fermentation on the
degradation of organic material in the rumen. Although
there were no statistically significant differences between
treatments, the increase in gas production with longer
fermentation time indicates better digestion of organic
material. In vitro gas production originates from the direct
fermentation of substrates (e.g., CO2 and CH.) and
indirectly through buffering mechanisms, with CO,
released from bicarbonate during fermentation (Jayanegara
etal. 2009). The fermentation of carbohydrates into acetate,
propionate, and butyrate contributes to the primary gas
production (Hatew et al. 2016). This study affirms that the
reduction of tannin levels through fermentation enhances
substrate availability for microbial fermentation, which
ultimately increases gas production, supporting findings by
Pazla et al. (2021c) that fermentation can facilitate the
degradation of organic material by rumen microbes and
enhance gas production.
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Conclusion

The fermentation of S. alba with A. niger demonstrates
significant potential in enhancing digestibility and
nutritional quality of feed, reducing tannin content, and
supporting microbial protein synthesis. These results offer
new insights for the development of more effective and
sustainable feeding strategies for ruminant livestock.
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