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Abstract

Background and Aim: Probiotic supplementation can assist with manipulating the rumen microbial ecosystem. Lactic
acid bacteria and yeast from fermented fish (Budu) as the indigenous food from West Sumatra, Indonesia, are potential
probiotics for livestock. This study aims to select the best candidate lactic acid bacteria and yeast strains from fermented
fish as ruminant probiotics and evaluate the effect of their supplementation on the characteristics of rumen fermentation,
feed digestion, and total gas production in vitro.

Materials and Methods: This study used nine treatments, performed in triplicate, in a completely randomized design.
The substrate ratio comprised of 70% Pennisetum purpureum forage and 30% concentrate. Five lactic acid bacteria and
three yeast isolates were used in this study. Treatments were as follows: TO: control (basal diet); T1: TO + Lactobacillus
parabuchneri strain 3347; T2: TO + Lactobacillus buchneri strain 5296; T3: TO + Lactobacillus harbinensis JCM 16178; T4:
TO + Schleiferilactobacillus harbinensis strain LH991; T5: TO + L. parabuchneri strain 6902; T6: TO + Pichia kudriavzevii
strain B-5P; T7: TO + P. kudriavzevii strain CBS 5147; and T8: TO + commercial yeast (Saccharomyces cerevisiae). The
lactic acid bacteria inoculum contained 1.02 x 10" colony-forming unit (CFU)/mL, while the yeast inoculum contained
1.5 x 10" CFU/mL.

Results: The results showed that four lactic acid bacteria and three yeast produced a higher total gas yield (104—-183.33 mL)
compared to the control (103 mL). Supplementation with lactic acid bacteria in the rumen fermentation in vitro showed
dry matter digestibility of 63%—70% and organic matter digestibility (OMD) of 64%—71%. We observed that total volatile
fatty acid (VFA) production in all treatments was significantly higher (86—121 mM) compared to the control (81 mM). The
concentration of NH, production was higher in all treatments (12.33-16.83 mM) than in the control (12.25 mM). Meanwhile,
the probiotic supplementation did not cause a significant change in the rumen pH (6.86—7.12). Supplementation with the
lactic acid bacteria S. harbinensis strain LH991 consistently demonstrated the best results from the parameters of dry and
OMD (70.29% and 71.16%, respectively), total VFA (121.67 mM), NH, (16.83 mM), and total gas production (149.17 mL).
The best results were observed from the yeast candidate P. kudriavzevii strain B-5P, where the results were dry and OMD
(67.64% and 69.55% respectively), total VFA (96.67 mM), NH, (13.42 mM), and total gas production (183.33 mL).

Conclusion: Based on the obtained results, lactic acid bacteria S. harbinensis strain LH991 and yeast P. kudriavzevii
strain B-5P are attractive candidates to be utilized as probiotics for ruminants based on their potential to improve rumen
fermentation in vitro. This probiotic supplementation can increase the digestibility of feed ingredients, production of total
VFA and NH,, and total gas produced.

Keywords: in vitro, lactic acid bacteria, probiotics, rumen fermentation, yeast.

Introduction probiotics is a safe and feasible alternative to replace

Increasing the productivity of ruminant livestock antibiotics because they do not cause toxicity in live-

can be achieved by manipulating the rumen microbial
ecosystem. Supplementation with live microbes as
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stock products and leave no residue [1]. Probiotics are
beneficial live microorganisms that, when adminis-
tered in sufficient quantities, provide health benefits to
the host [2]. The use of probiotics in animal husbandry
contributes to the balance of microbiota activity in the
gastrointestinal tract [3], productivity and health of
dairy cows [4], hostimmune function [5], and increased
milk production and yield [6]. In addition, the general
health benefits of probiotic supplementation of the

Veterinary World, EISSN: 2231-0916

395


https://orcid.org/0000-0003-4690-880X
https://orcid.org/0000-0001-9134-3954
https://orcid.org/0000-0002-0321-1773
https://orcid.org/0000-0002-6386-9120
https://orcid.org/0000-0003-4309-9218

Available at www.veterinaryworld.org/Vol.16/February-2023/19.pdf

digestive system in ruminants include the reduction of
methanogenesis, control of acidosis, improves diges-
tion, encourages growth of the rumen and intestinal
epithelium, and increases nutrient absorption [7].

Seo et al. [8] reported that microorganisms com-
monly used as probiotics for ruminants originate from
various genera, such as Lactobacillus, Streptococcus,
Bacillus,  Bifidobacterium,  Enterococcus,  and
Propionibacterium. The yeast products commonly
used include Saccharomyces and Aspergillus [8].
Nuraida [9] explored various lactic acid bacteria from
Indonesian fermented foods, which have characteristics
to be potential probiotics. Anggraini ef al. [10] isolated
the lactic acid bacteria from fermented foods native to
West Sumatra, including fermented fish, buffalo milk
(dadih), durian, and cassava. Harnentis et al. [11] also
researched the probiotic potential of lactic acid bacte-
ria derived from the fermented foods native to West
Sumatra, such as curd, tape, and Budu fish. Both
studies demonstrated that lactic acid bacteria isolated
from fermented foods native to West Sumatra have the
potential to be used as livestock probiotics. Other fer-
mented food products, such as tempeh, have also been
reported to contain yeast and lactic acid bacteria [12].
One of the fermented fish products, namely Budu, is
made from larger marine fish and is mainly produced in
the Pasaman area, about 300 km from Padang, the capi-
tal city of West Sumatra [13]. Leatherskin (Chorinemus
spp.) and Spanish mackerel (Scomberomorus spp.),
locally known as lkan Talang and Ikan Mackerel,
respectively, are the main fish used to make Budu [13].
The bacteria involved in fish fermentation may include
Lactobacillus spp., Micrococcus spp., Flavobacterium
spp., Staphylococcus  spp., Streptococcus — spp.,
Pediococcus spp., and Pseudomonas spp. [13] The lac-
tic acid bacteria and yeast from fermented fish (Budu)
have the potential as probiotics for ruminants. Probiotics,
especially the beneficial bacteria and yeast, can restore
the microbial balance of the digestive tract and against
pathogenic bacteria [14]. Lactic acid bacteria can inter-
act with the rumen microorganisms, increase propi-
onate and total volatile fatty acid (VFA) production,
enhance feed efficiency and growth performance, and
reduce methane gas production [15] and the incidence
of diarrhea [16]. Meanwhile, yeast supplementation in
livestock rations can increase productivity, health, use
of cellulose material, and reproduction [17, 18]. Yeast
can reduce oxygen accumulation, prevent the over-
production of lactic acid, and normalize fermentation
in the rumen [8]. One type of yeast, Saccharomyces
cerevisiae can produce metabolites as growth factors,
such as vitamins or organic acids, which stimulates the
population of lactic acid utilizing bacteria rumen lac-
tate and cellulolytic bacteria [8]. The combination of
S. cerevisiae and rumen microbes can increase the pop-
ulation of rumen bacteria and fermentability and reduce
the acetate: propionate ratio [19].

The increased productivity and performance of
livestock through the addition of lactic acid bacteria

and yeast in ruminants show varied data. Different
strains affect the ability of the probiotics to increase
rumen fermentation [1]. The effect of various strains
in the addition of lactic acid bacteria and yeast to
rumen fermentation requires further investigation.
Therefore, it is important to select the best candidate
strains of lactic acid bacteria and yeast, which have
beneficial effects on rumen fermentation. This study
aims to identify the best candidate of lactic acid bac-
teria and yeast strains from fermented fish (Budu)
originating from West Sumatra, Indonesia as ruminant
probiotics and evaluate their supplementation effect
on the rumen fermentation, feed digestion, and total
gas production characteristics in vitro.

Materials and Methods

Ethical approval

Ethical approval was not required as this was an
in vitro study. Goat rumen fluid was collected from
the slaughterhouse.

Study period and location

This in vitro study was conducted from August
to October 2022 at the Feed Industry Technology
Laboratory, Non-Ruminant Nutrition Laboratory,
Ruminant Nutrition Laboratory, and Animal
Biotechnology Laboratory, Faculty of Animal
Sciences, Andalas University, Padang, West Sumatra,
Indonesia. Observation of total gas production and
analysis of rumen characteristics and digestibility of
feed ingredients were carried out at the Ruminant
Nutrition Laboratory and Non-Ruminant Nutrition
Laboratory, Faculty of Animal Science, Andalas
University.

Culture conditions

Five lactic acid bacteria isolates (Lactobacillus
parabuchneri strain 3347, Lactobacillus buch-
neri strain 5296, Lactobacillus harbinensis JCM
16178, Schleiferilactobacillus harbinensis strain
LH991, and L. parabuchneri strain 6902) and two
yeast isolates (Pichia kudriavzevii strain B-5P and
P kudriavzevii strain CBS 5147) from fermented
fish (Budu) were obtained the collection of the Feed
Industry Technology Laboratory, Faculty of Animal
Science, Andalas University. Another isolate, the
yeast S. cerevisiae, was obtained from commer-
cial yeast (Fermipan, PT Sangra Ratu Boga, West
Jakarta, Indonesia). Inoculums of lactic acid bacteria
were immunized in 10 mL of DeMan Rogosa Sharpe
Broth medium (Merck, Darmstadt, Germany) and
incubated at 37°C for 24-48 h under anaerobic con-
ditions. Yeast inoculums were grown in 10 mL of lig-
uid Yeast Peptone Dextrose media with the following
ingredients: 2 g glucose (Merck KGaA, Darmstadt,
Germany, CAS-No: 50-99-7), 1 g yeast extract pow-
der (HiMedia Laboratories Pvt. Ltd., India), and 2 g
buffered peptone water (Merck KGaA). The liquid
media inoculated with the yeast isolates were incu-
bated for 24-48 h at 35°C-37°C.
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Experimental design

The goat rumen fluid that was used in this study
was obtained from a slaughterhouse in Padang, West
Sumatra, Indonesia which was regulated by a com-
pletely randomized design 9 x 3 of nine treatments
performed in triplicate. The substrate consisted of 70%
Pennisetum purpureum forage and 30% concentrate.
The composition of the rations and nutritional content
used in this study is shown in Table-1 [20]. The eight
isolates used consisted of five lactic acid bacteria and
three yeast isolates. The treatments were as follows:
TO: control (basal diet); T1: TO + L. parabuchneri
strain 3347; T2: TO + L. buchneri strain 5296; T3: TO
+ L. harbinensis JCM 16178; T4: TO + S. harbinensis
strain LH991; T5: TO + L. parabuchneri strain 6902;
T6: TO + P, kudriavzevii strain B-5P; T7: TO + P. kudri-
avzevii strain CBS 5147; and T8: TO + commercial
yeast (S. cerevisiae). The lactic acid bacteria inoculum
contained 1.02 x 10" colony-forming unit (CFU)/mL
and the yeast inoculum contained 1.5 x 10'CFU/mL.
The inoculum dose of lactic acid bacteria and yeast
used was 6.6 mL. The McDougall’s buffer solu-
tion was made with NaHCO, 9.8 g (Merck KGaA,
CAS-No: 144-55-8), Na, HPO,.7H,0 3.68 g (Merck
KGaA, CAS-No: 10028-24-7), KC1 0.57 g (Merck
KGaA, CAS-No: 7447-40-7), MgSO,.7H,0 0.12 g
(Merck KGaA, CAS-No: 10034-99-8), NaCl 0.47 g
(Merck KGaA, CAS-No: 7647-14-5), CaCl, 0.47 g
(Merck KGaA), and filled up to 1000 mL with dis-
tilled water. The rumen contents were squeezed out
and filtered through a double layer of sterile gauze and
transferred to the sterile tube in a water bath.

The substrate ration (2.5 g) (Table-1) was put
into a 300 mL capacity Erlenmeyer bottle and filled

Table-1: Ingredients and chemical composition of the

rations.

Item Content

Ingredients (%)
Pennisetum purpureum 70
Cassava waste 15
Tofu waste 6
Soybean 8
Mineral premix@ 1

Chemical composition (%)
Dry matter 90.45
Organic matter 90.12
Crude protein 13.00
Crude fiber 22.81
Crude fat 3.13
Ash 9.88
BETN 41.63
TDNP 63.58

aMineral premix (Ministry of Agriculture, the Republic
of Indonesia No. D. 2007655678): Composition per
kilogram contains calcium carbonate 500 g, phosphate
flour 150 g, manganese sulfate 1.25 g, potassium
iodide 250 g, cuprum sulfate 0.7 g, sodium chloride
50 g, ferrous sulfate 2 g, zinc oxide 1 g, magnesium
sulfate 60 g. °TDN was calculated based on the Sutardi
formula [20]. BETN=Nitrogen-free extract, TDN=Total
digestible nutrient

with 50 mL of rumen fluid, 200 mL of McDougall’s
solution, and 6.6 mL (2.64%) of the inoculum. The
Erlenmeyer bottle was closed with a rubber cap and
an anaerobic condition was induced with the flow of
CO, gas for about +2 min. The bottle was incubated in
a shaker incubator at 39°C and 1006x g for 48 h. After
in vitro fermentation, the samples were centrifuged
at 1509% g for 30 min at 4°C. The supernatant/liquid
fraction results were used for VFA and NH, analysis.
The supernatant was stored at —20°C until it was used
to analyze the VFA and NH,. The residue was filtered
using filter paper (Whatman™ 41; CAT No 1441-
125, China) and dried at 60°C for 24 h. The residue
or solid part was used to measure the dry and organic
matter’s digestibility. In vitro dry matter digestibility
(DMD) and in vitro organic matter digestibility were
calculated based on the previously reported Tilley and
Terry method [21], using the formula:

DM sample — (DM residue — DM blanko)
DM sample

IVDMD = x100%

OM sample — (OM residue — OM blanko)
OM sample

IVOMD = x100%

Parameter measurements

Total gas production was measured during the
48 h incubation using a 60 mL syringe. The syringe
needle was injected into the gas holder attached to
the erlenmeyer bottle. Readings during incubation
were carried out quickly to avoid changes in tempera-
ture. Total gas production was measured during the
48 h incubation using a 60 mL syringe. Incubation
was stopped by placing the Erlenmeyer bottle into an
ice water bath to halt microbial activity. Rumen pH
was calculated using a pre-calibrated pH meter. The
concentration of NH, was calculated using the previ-
ously reported Conway micro diffusion method [22].
Measurement of the total VFA concentration was per-
formed using the previously reported steam distilla-
tion method [23]. The residue was used to analyze the
dry and organic matter’s digestibility using the previ-
ously reported proximate analysis method [21].

Statistical analysis

Observational data were analyzed using a one-
way analysis of variance. Data showing significantly
different results (p < 0.05) was confirmed by the least
significant difference test. Differences between the
treatments we further analyzed using IBM Statistical
Package for the Social Sciences Statistics 26.0 version
(IBM Corp., NY., USA).

Results

Probiotic supplementation of five lactic acid bac-
teria isolates (L. parabuchneri strain 3347, L. buchneri
strain 5296, L. harbinensis JCM 16178, S. harbinensis
strain LH991, and L. parabuchneri strain 6902), two
yeast isolates P. kudriavzevii strain B-5P and P. kudri-
avzevii strain CBS 5147 was selected from fermented
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fish (Budu) and one commercial yeast isolate contain-
ing S. cerevisiae as ruminant probiotic candidates.
These underwent in vitro fermentation and the rumen
fermentation products (Table-2) and different digest-
ibility were evaluated (Table-3).

Rumen fermentation

Supplementation with the various strains of lac-
tic acid bacteria and yeast sourced from fermented
fish (Budu) and commercial yeast did not significantly
change the rumen pH (p > 0.05) (Table-2). Total VFA
production was significantly increased (p < 0.05) by
the supplementation with lactic acid bacteria and yeast
(Table-2). The control (basal diet) produced the low-
est total VFA (81.67 mM) than the other treatments.
The highest VFA produced by the lactic acid bacteria
candidates was produced by the T4: supplementation

Table-2: Rumen fermentation characteristics.

Treatments pH VFA total NH, (mM)
(mM)

TO 6.92 £ 0.12 81.67*+£2.89 12.25% £ 0.25
T1 6.86 £ 0.02 91.67% £ 2.89 13.50% %+ 0.00
T2 7.05+0.17 101.67"+2.89 12.50% £ 0.25
T3 7.03 £ 0.26 90.00¢ £5.00 12.33*+ 0.38
T4 6.86 £ 0.02 121.67'+2.89 16.83¢ + 0.289
T5 6.88 £ 0.03 98.3309 +2.89 15.25¢+ 0.25
T6 7.09 £ 0.01 96.677+2.89 13.42°+ 0.29
T7 6.98 £ 0.04 86.67°+2.89 12.422 +0.14
T8 6.90 £ 0.09 88.33*+2.89 12.58*+0.29
SEM 0.024 2.225 0.296

VFA=Volatile fatty acid, TO:

Control (basal diet);

T1: TO + Lactobacillus parabuchneri strain 3347; T2: TO +
Lactobacillus buchneri strain 5296; T3: TO + Lactobacillus
harbinensis JCM 16178; T4: TO + Schleiferilactobacillus
harbinensis strain LH991; T5: TO + Lactobacillus
parabuchneri strain 6902; T6: TO + Pichia kudriavzevii
strain B-5P; T7: TO + Pichia kudriavzevii strain CBS 5147;
T8: TO + commercial yeast (Saccharomyces cerevisiae).
Superscripts *®<4emean significantly different in a column
(p < 0.05), SEM=Standard error of the mean

Table-3: In vitro digestibility.

Treatments DMD (%) OMD (%)
TO 63.40* +£ 1.78 64.362 = 2.08
T1 63.05% £ 1.44 64.06% £ 1.39
T2 63.892 + 2.04 64.98° + 2.28
T3 64.722 + 3.53 65.40° + 3.28
T4 70.29¢ + 0.53 71.16¢ + 0.48
T5 65.65° + 0.91 67.28® + 0.77
T6 67.64° £ 0.49 69.55¢ £ 1.56
T7 64.08% + 3.03 65.73% = 3.34
T8 64.322 + 1.64 64.822 + 1.73
SEM 0.543 0.567

DMD=Dry matter digestibility, OMD=0rganic

matter digestibility, TO: Control (basal diet);

T1: TO + Lactobacillus parabuchneri strain 3347; T2: TO +
Lactobacillus buchneri strain 5296; T3: TO + Lactobacillus
harbinensis JCM 16178; T4: TO + Schleiferilactobacillus
harbinensis strain LH991; T5:T0O + Lactobacillus
parabuchneri strain 6902; T6: TO + Pichia kudriavzevii
strain B-5P; T7: TO + Pichia kudriavzevii strain CBS 5147;
T8: TO + commercial yeast (Saccharomyces cerevisiae).
Superscripts @ b ¢4 ¢ mean significantly different in a
column (p<0.05). SEM=Standard error of the mean

with S. harbinensis strain LH991 (121.67 mM) and
yeast candidates by the T6: supplementation with
P. kudriavzevii strain B-5P (96.67 mM). NH, concen-
tration was significantly increased (p < 0.05) by the
addition of the lactic acid bacteria and yeast compared
to the control (Table-2). Treatment without probiot-
ics (control) resulted in the lowest NH, production
of 12.25 mM. These results were not significantly
different from supplementation with T2: L. buchneri
strain 5296 (12.50 mM), T3: L. harbinensis JCM
16178 (12.33 mM), T7: P. kudriavzevii strain CBS
5147 (12.42 mM), and T8: commercial yeast isolate S.
cerevisiae (12.58 mM). The highest NH, production
was from supplementation with T4: S. harbinensis
strain LH991 (16.83 mM) for lactic acid bacteria can-
didates and T6: P. kudriavzevii strain B-5P (13.42 mM)
for yeast candidates.
Digestibility

The digestibility of dry and organic matter was
significantly increased (p < 0.05) by the supplementa-
tion with lactic acid bacteria and yeast from fermented
fish (Budu) (Table-3). Two of the five lactic acid bacte-
ria isolates used in the in vifro rumen fermentation that
is the supplementation with T4: S. harbinensis strain
LH991 and T5: L. parabuchneri strain 6902 resulted in
significantly higher dry and organic matter digestibility
(OMD) than the other treatments. The control showed
63.40% and 64.36% digestibility of dry and organic
matter, respectively. Supplementation with T4: S. har-
binensis strain LH991 showed the highest dry and
OMD with 70.29% and 71.16%, respectively, which
were significantly different from other treatments. The
addition of the three yeast isolates indicated a higher
digestibility value of dry and organic matter than the
control. Supplementation with T6: P kudriavzevii
strain B-5P showed the highest dry and OMD between
the yeast candidates, with 67.64% and 69.55%, respec-
tively. These results were significantly different com-
pared to the digestibility when supplemented with
T7: of P. kudriavzevii strain CBS 5147 (64.08% and
65.73%, respectively), and T8: commercial yeast S.
cerevisiae (64.32% and 64.82%, respectively).

Total gas production

Supplementation with lactic acid bacteria and
yeast significantly increased (p < 0.05) the total
gas production during the 48 h incubation period of
rumen fermentation (Figure-1). Four of the five iso-
lates of lactic acid bacteria produced higher total gas
than the control (103 mL). The three yeast isolates
showed higher total gas production than the control
(103 mL). Supplementation with T6: P. kudriavzevii
strain B-57 was shown to produce the highest total gas
(183.33 mL) between the yeast candidate and the lac-
tic acid bacteria candidates T4: S. harbinensis strain
LH991 was shown to produce the highest total gas
(149.17 mL). Treatments T4 and T6 showed results
of total gas production that were substantiallydifferent
from other treatments.
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Figure-1: Total gas production by in vitro rumen
fermentation during 48 h of incubation, TO: control

(basal diet); T1: TO + Lactobacillus parabuchneri strain
3347; T2: TO + Lactobacillus buchneri strain 5296; T3:
TO + Lactobacillus harbinensis JCM 16178; T4: T0 +
Schleiferilactobacillus harbinensis strain LH991; T5: TO +
Lactobacillus parabuchneri strain 6902; T6: TO + Pichia
kudriavzevii strain B-57; T7: TO + Pichia kudriavzevii strain
CBS 5147; T8: TO + commercial yeast (Saccharomyces
cerevisiae). Superscripts #><%emean significantly different
(p < 0.05).

Discussion

The microbes in the rumen environment are
diverse. The selection of lactic acid bacteria and yeast
strains as ruminant probiotic candidates were based
on the digestibility of feed ingredients, rumen fer-
mentation characteristics, and total gas production
through in vitro fermentation. Probiotic supplemen-
tation should benefit the rumen environment through
increased feed digestibility and decreased methane
production [1]. The fermentability of the substrate
may indicate that the microbes being supplemented,
that is, lactic acid bacteria and yeast, can stimulate
the microorganisms present in the rumen. This study
showed that there was no significant change in the
rumen pH when lactic acid bacteria and yeast were
added (Table-2). All treatments showed a pH within
the normal neutral range of 6.86—7.09. Because the
pH conditions stayed within the normal range with
the supplementation of lactic acid bacteria and yeast
indicates the favorable rumen microbial activity.
Lactic acid utilizing bacteria play a role in the utili-
zation of lactate, thereby stabilizing the pH. This is
corroborated with Seo ef al. [8], who showed that in
the rumen, there are lactic acid utilizing bacteria such
as Megasphaera elsdenii and Propionibacterium spp.,
which utilize lactate to prevent its accumulation and
maintaining the rumen pH. Propionibacteria can shift
fermentation in the rumen by increasing propionate
synthesis and propionate synthesis can reduce hydro-
gen in the production of enteric methane gas [24].
Yeast, as a feed additive for ruminants, can provide
vitamins and organic acids to trigger the growth of
lactic acid bacteria [25], maintain rumen pH stability,
and increase anaerobiosis by consuming oxygen in the
rumen [26]. Live yeast given to ruminants provides
nutrition for bacteria that utilize lactic acid in the
rumen to stabilize the pH and increase the growth of

cellulolytic bacteria [27]. Weinberg et al. [28] demon-
strated that a stable pH indicates that probiotics can
survive in the rumen fluid and trigger the growth of
rumen microbes, increasing feed digestibility and that
rumen microorganisms can function properly [8, 29].
Rumen conditions, especially rumen pH, play a sig-
nificant role in the capability to degrade protein feed
by rumen microbes [30].

In this research, we observed an increase in the
production of NH3 and total VFA in the supplementa-
tion with lactic acid bacteria and yeast in rumen fer-
mentation in vitro (Table-2). Chen et al. [31] stated
that probiotic supplementation was able to strengthen
rumen fermentation. Volatile fatty acid is the end
product of rumen fermentation, which is used by
ruminants as the main contributor of energy [31].
The production and proportion of VFA can reflect
the status of rumen microbial metabolism and deter-
mine the variety of fibrolytic or amylolytic microflora
in the rumen, which plays a major role [31]. Based
on these observations, the total VFA concentration in
this research ranged from 81.67 mM to 121.67 mM,
where the supplementation with lactic acid bacteria
T4: S. harbinensis strain LH991 (121.67 mM) and
T6: P. kudriavzevii strain B-5P (96.67 mM) showed
the best results compared to the other treatments.
These results are consistent with previous studies
that showed that supplementation with S. cerevisiae,
Clostridium butyricum, and their combinations could
increase the total VFA concentrations [32, 33]. In line
with the report of Jiao et al. [34] that the digestibility
of dry matter and VFA increased with increasing sup-
plementation of live yeast at pH 5.8. The increase in
total VFA concentration by probiotic supplementation
indicated that rumen microbe-stimulated fermentation
activities [33] were ultimately able to increase live-
stock productivity [1].

The concentration of NH3 in this study ranged
from 12.25 mM to 16.63 mM (Table-2). The best
results shown by supplementation with candidate
lactic acid bacteria were T4: S. harbinensis strain
LH991 (16.83 mM) compared to supplementation
with other lactic acid bacteria strains. As for the yeast
candidate supplementation with T6: P. kudriavzevii
strain B-5P (13.42 mM) showed the best results com-
pared to the other yeast candidates. Microbial pro-
tein synthesis requires ammonia as the main source
of N for microbes [35]. The production of NH3 in
this study supported the synthesis of microbial pro-
teins required by the ruminants during production.
This is in line with the work by McDonald et al. [36]
that showed that the concentration of NH3 levels of
621 mM can increase microbial protein produc-
tion. About two-thirds of the amino acids absorbed
by the ruminant’s body are produced from microbial
proteins, a source of amino acids for ruminants [30].
Carbohydrates are the main source of energy needed
for microbial protein synthesis [30]. The previous
research by Zhang et al. [37] claimed that an increase
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in NH3 concentration occurs through supplementa-
tion with C. butyricum in batch culture using a high
forage substrate and a pH 6.6 medium.

The selection of the best candidate strains of
lactic acid bacteria and yeast strains from fermented
fish (Budu) for ruminant probiotics was observed
from the highest dry and organic matter’s digestibil-
ity and total gas production. /n vitro measurement of
total gas production can be used to evaluate the feed
organic matter’s degradability (consisting of N and
C sources) [38]. Meanwhile, gas production is posi-
tively related to the VFA results, but this relationship
is not clearly understood [38]. Total gas production
can be used as a consideration of digestibility in the
rumen [39] and increased total gas production can be
attributed to increased dry and OMD [1]. We observed
an increase in total gas production (Figure-1), which
was in agreement with the resulting digestibility
(Table-3). Supplementation with lactic acid bacteria
T4: S. harbinensis strain LH991 showed the highest
dry and OMD (70.29% and 71.16%, respectively) as
well as the highest total gas production (149.17 mL).
The same applied to yeast strains when supplemented
with T6: P kudriavzevii strain B-5P that showed
the highest dry and OMD (67.64% and 69.55%,
respectively) as well as the highest total gas produc-
tion (183.33 mL). Meanwhile, T1: L. parabuchneri
strain 3347 supplementation resulted in the low-
est digestibility of dry and organic matter (63.05%
and 64.06%, respectively) and total gas production
(91.67 mL), among other lactic acid treatments. The
results of this investigation are consistent with the
study by Guo et al. [40] where the increase in DMD
was followed by an increase in the average gas pro-
duction with the supplementation of lactic acid bac-
teria inoculums.

Increased feed digestibility indicates that pro-
biotic supplementation with lactic acid bacteria and
yeast from fermented fish (Budu) can trigger microbial
activity in the rumen. Spores forming from the microbe
probiotics can increase cellulolytic activity which sup-
plies oligosaccharides to the beneficial microorgan-
isms. Increased cellulolytic activity correlated with
increased digestibility in ruminants [41]. Probiotics of
live yeast can modulate the composition and activity of
the microbial ecosystem increasing nutrient digestibil-
ity. In addition, yeast probiotics can stabilize rumen pH
to activate fibrolytic bacteria in the rumen and increase
fiber digestibility by probiotics [42]. In line with the
work by Anee et al. [14], probiotic supplementation
can increase the digestibility of food in ruminants.
Astuti et al. [15] demonstrated that increased feed
digestibility can confirm that lactic acid bacteria could
be applied as a probiotic by stimulating the activity of
rumen bacteria. Improved digestibility indicates that
supplementing lactic acid bacteria can stimulate fibro-
lytic bacteria in the rumen [39]. This is similar to the
addition of yeast culture as it affects the number of cel-
lulolytic bacteria in the rumen thereby increasing the

degradation of cellulose [42]. It has also been reported
that S. cerevisiae supplementation stimulated the sur-
vival rate of cellulolytic bacteria, but not the fiber
digestion rate of the rumen by its microorganisms [42].
This research agrees with the report by Al-Galbi and
Majeed [43], where supplementation with S. cerevi-
siae increased the digestibility of dry matter and neu-
tral detergent fiber. The digestibility of this feed can be
increased with an increase in rumen microorganisms.
In addition, S. cerevisiae can use oxygen to maintain
metabolic activity. In another report by Jiao et al. [39],
it was shown that lactic acid bacteria can increase feed
degradation in the rumen, but it was dependent on the
dose and strain used. Lactic acid bacteria can encourage
rumen microbes to adapt to the presence of lactic acid
and produce antimicrobials to reject pathogens [39].
The available lactic acid is used by lactate utilizing
bacteria which consist of beneficial bacteria in nutri-
ent degradation [44]. Lactic acid bacteria participate
in the absorption and stabilization of fiber-degrading
enzymes in the rumen to increase the degradation of
feed components [45]. Meanwhile, other studies have
reported that the supplementation with Lactobacillus
plantarum as a probiotic did not significantly affect the
digestibility of dry and organic matter [1].

Conclusion

Probiotic supplementation with five lactic acid
bacteria, two yeast isolates from fermented fish (Budu),
and one commercial yeast isolate resulted in different
digestibility levels and rumen fermentation. Lactic acid
bacteria T4: S. harbinensis strain LH991 and yeast T6:
P kudriavzevii strain B-5P consistently showed the
highest values of dry and OMD and total gas, VFA,
and NH3 production. Lactic acid bacteria S. harbinen-
sis strain LH991 and yeast P. kudriavzevii strain B-5P
were identified as the best candidates for ruminant pro-
biotics based on the digestibility of feed ingredients
and rumen characteristics of in vitro fermentation. For
future research, it is necessary to evaluate the total pro-
tozoa, microbial population, methane gas production,
and composition of the resulting partial VFA.
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